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PREFACE 

The fundamental purpose of this handbook, Maintenance Engineering Techniques, 
is to provide authoritative information requisite to the planning and implementation of 
effective maintenance engineering programs. A comprehensive discussion of maintenance 
engineering functions that must be accomplished in order to insure cost-effective ac- 
quisition, operation, and support of Army materiel is presented. The general method 
of presentation is to define a function and its importance, and then to provide basic 
information on when the function should be accomplished and the techniques that should 
be used. 

Although written primarily for maintenance engineers, the handbook is structured 
with a wider audience in mind. The level of detail and manner of presentation make 
the handbook useful for the orientation and guidance of new personnel, Army contractors, 
and personnel in engineering disciplines such as system design, reliability, maintainability, 
safety, and human engineering. Additionally, management personnel may improve their 
understanding of the scope and importance of maintenance engineering by reading the 
handbook. Use of the handbook by this wider audience is encouraged. A greater under- 
standing of maintenance engineering by the management and engineering disciplines with 
which it interfaces will result in more cost-effective Army materiel. 

The handbook was prepared by the Orlando Division of Martin Marietta Aerospace 
under subcontract to the Engineering Handbook Office of the Research Triangle Institute, 
Research Triangle Park, North Carolina, prime contractor of the U S Army Materiel 
Command. Technical guidance and coordination were provided by an Ad Hoc Working 
Group representing the AMC Commodity Commands and agencies. 

The Engineering Design Handbooks fall into two basic categories, those approved 
for release and sale, and those classified for security reasons. The U S Army Materiel 
Command policy is to release these Engineering Design Handbooks in accordance with 
current DoD Directive 7230.7, dated 18 September 1973. All unclassified Handbooks can 
be obtained from the National Technical Information Service (NTIS). Prodedures for ac- 
quiring these Handbooks follow: 

a. All Department of Army activities having need for the Handbooks must submit 
their request on an official requisition form (DA Form 17, dated Jan 70) directly to: 

Commander 
Letterkenny Army Depot 
ATTN: AMXLE-ATD 
Chambersburg, PA 17201 

(Requests for classified documents must be submitted, with appropriate "Need to Know" 
justification, to Letterkenny Army Depot.) DA activities will not requisition Handbooks 
for further free distribution. 

b. All other requestors, DoD, Navy, Air Force, Marine Corps, nonmilitary Government 
agencies, contractors, private industry, individuals, universities, and others must purchase 
these Handbooks from: 

National Technical Information Service 
Department of Commerce 
Springfield, VA 22151 

XXI 
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Classified documents may be released on a "Need to Know" basis verified by an official 
Department of Army representative, and processed from Defense Documentation Center 
(DDC), ATTN: DDC-TSR, Cameron Station, Alexandria, VA 22314. 

Comments and suggestions on this Handbook are welcome and should be addressed 
to: 

Commander 
U S Army Materiel Command 
ATTN: AMCRD-TV 
Alexandria, VA 22333 

(DA Forms 2028, Recommended Changes to Publications, which are available through 
normal publications supply channels, may be used for comments/suggestions.) 
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CHAFTER1 
INTRODUCTION 

This chapter defines maintenance engineer- 
ing and discusses the concepts, philosophies, and 
practices it applies throughout the life cycle of 
a materiel acquisition program. The relationship 
of maintenance engineering to maintenance is 
described. Maintenance engineering objectives 
are listed, and activities contributing to their 
attainment are outlined. Design disciplines and 
support elements interfacing with maintenance 
engineering are identified, and the techniques 
used to coordinate design and support element 
activities are presented. 

1-1 WHAT IS MAlSTTENANCE 
ENGINEERING? 

Maintenance engineering is a distinct dis- 
cipline established as one of the principal ac- 
tivities within the maintenance organizational 
structure of each military service and within 
most industries that produce products requiring 
maintenance. The Department of Defense de- 
fines maintenance engineering as "that activity 
of equipment maintenance which develops con- 
cepts, criteria and technical requirements dur- 
ing the conceptual and acquisition phases to 
be applied and maintained in a current status 
during the operational phase to assure timely, 
adequate and economic maintenance support of 
weapons and equipments" (Ref. 1). The re- 
mainder of this paragraph will interpret this 
definition by elaborating on the specified func- 
tions and giving an overview of how they are 
accomplished. 

The major maintenance engineering con- 
tributions to a materiel program are to insure 
that the materiel is designed for ease and econ- 
omy of support, to define and develop an ade- 
quate and economic maintenance support sub- 
system that will be available when the materiel 
is deployed, and to monitor and improve the 
subsystem until the materiel is removed from 
the inventory. Design for ease and economy of 
support is obtained by determining optimum 
levels of materiel reliability, maintainability, 
human factors, safety, and transportability de- 
sign features, and transmitting these features 
as requirements to design engineers. Require- 
ment decisions result from  a series of main- 

tenance engineering analyses that trade off 
materiel operational requirements, acquisition 
costs, and support costs. 

The support subsystem is comprised of 
support resources such as trained personnel, re- 
pair parts, and Technical Manuals required to 
support the materiel after it is deployed. Main- 
tenance engineering develops the basis for the 
subsystem by a series of maintenance engineer- 
ing analyses that identify and refine the re- 
quirements for each type of support resource. 
The requirements specify where, when, how, 
why, with what, and by whom the necessary 
actions will be taken to retain equipment in 
or restore it to a serviceable condition. After 
materiel deployment, these requirements are 
modified when analysis of available data shows 
that improvements in maintenance economy 
and efficiency are feasible. 

To accomplish its mission, maintenance en- 
gineering conducts two closely related types of 
planning: one involves planning the support of 
materiel; the other involves planning for the 
acquisition of resources to provide the planned 
support. The first type of planning is accom- 
plished almost solely by maintenance engineer- 
ing, and is constrained by operational require- 
ments and materiel design. The other planning 
is accomplished mainly by organizational sup- 
port elements in consonance with the mainte- 
nance engineering analyses, planning, and 
resulting requirements. Maintenance engineer- 
ing consolidates all of the planning decisions 
into materiel support plans, which become part 
of a total plan for materiel acquisition and 
deployment. 

Maintenance engineering is a dynamic 
function. The depth of analyses and con- 
sequently the depth of detail in the generated 
plans and requirements are limited by available 
design and support data. These data are quite 
gross at the start of most materiel programs, 
but become increasingly detailed as time prog- 
resses. As a result of iterative analyses, main- 
tenance 'engineering plans and design and sup- 
port requirements are progressively refined. An 
exception to the foregoing occurs when a 
materiel program involves the procurement and 
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deployment of off-the-shelf equipment. In this 
case, complete design data and operational re- 
quirements are immediately available, and the 
development and refinement of plans and sup- 
port requirements can be accomplished with 
relatively few iterations of the maintenance 
analysis process. 

It is important to note that maintenance 
engineering is responsible for generating design 
and support requirements, for monitoring ac- 
tions taken to satisfy the requirements, and for 
judging the adequacy of the actions, but usually 
is not responsible for taking the actions. For 
example, maintenance engineering might im- 
pose a materiel design requirement for modular 
packaging, and a support requirement for re- 
moval and replacement of modules at the or- 
ganizational level of maintenance. The latter re- 
quirement is then refined into detailed require- 
ments specifying the personnel skills and quan- 
tities and repair parts required and describing 
how the maintenance action will be performed. 
The design requirements are submitted to de- 
sign personnel, and the support requirements 
are submitted to personnel in the personnel 
training, repair parts, and technical publica- 
tions support organizations. In both cases, 
maintenance engineering takes no action to ac- 
tually satisfy the requirements, but is respon- 
sible for insuring that the requirements are sat- 
isfied according to schedules that are compati- 
ble with deployment schedules. 

An analogy can be drawn between system 
engineering and hardware development, and 
maintenance engineering and support subsys- 
tem development. The system engineer estab- 
lishes the overall design concept, performance 
requirements, and interfaces among functional 
system elements. Detailed design (system elec- 
tronics or hydraulics, for example) is performed 
by other disciplines. Similarly, the maintenance 
engineer establishes the overall support concept, 
performance requirements for the support 
resources, and interface requirements. Detailed 
design of the resources is accomplished by other 
disciplines. Thus, the maintenance engineer is 
the system engineer for the maintenance sup- 
port subsystem. 

Maintenance engineering is a technical 
analysis and planning function rather than a 
function that physically performs maintenance. 

The end products of the analysis and planning 
are mission-ready end item weapons and equip- 
ment. The maintenance engineering effort, 
therefore, is oriented toward end items as sys- 
tems, as contrasted with considering end items 
that are associated with more than one system 
as a homogeneous group (Ref. 1). 

Maintenance engineering participates 
throughout the life cycle of a materiel acquisi- 
tion program, and all significant decisions and 
findings are based on maintenance engineering 
analyses. During the conceptual phase for new 
materiel, historical maintenance data and sup- 
port concepts are researched for use in devel- 
oping materiel technical requirements (Ref. 1). 
Maintenance analyses are then conducted to de- 
velop a broad general plan for logistic support 
that identifies anticipated critical issues of sup- 
portability, the anticipated materiel logistic en- 
vironment, goals for life cycle support costs, 
and recommended maintainability and reliabili- 
ty parameters. This plan becomes part of an 
overall plan for acquiring the materiel (Ref. 2). 
Although all program decisions are important, 
the initial support decisions are of particular 
significance, since, barring program reorienta- 
tion, all subsequent support decisions are refine- 
ments of the initial decisions. 

During the next phase, which involves def- 
inition and validation of the selected approach, 
studies are conducted, prototype hardware may 
be designed, and final reports, which include 
plans for materiel development, are prepared. 
Maintenance engineering participates in the 
support aspects of all these activities. It pro- 
vides support guidance, conducts support trade- 
offs, provides information for reliability and 
maintainability studies, and updates and ex- 
pands the maintenance analyses, which are still 
generalized, but of increasing depth, since func- 
tional design information is available to aug- 
ment historical data. Mathematical and sim- 
ulation support models are used during this and 
subsequent phases. The results of maintenance 
engineering activity are a firm system main- 
tenance concept, support plans, and mainte- 
nance related specifications. 

Maintenance engineering activity starts to 
peak as materiel is designed, developed, and 
tested. Previously described activities are con- 
tinued, and, as soon as preliminary engineering 
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drawings are available, formal documentation 
of maintenance engineering analysis data is in- 
stituted. This analysis is continuously updated 
as the design evolves and becomes more de- 
tailed. All design changes are evaluated to de- 
termine the impact on support parameters, and 
in turn, maintenance analysis reveals deficien- 
cies that require design changes. Although 
many design changes are anticipated prior to 
production, early analysis is necessary in order 
to provide early planning data for long-lead sup- 
port resources. The early maintenance analysis 
should be conducted in accordance with the 
same procedure as that used later in the pro- 
gram, and the data generated should be in the 
same format, to the extent possible, and limited 
only by the degree of design detail available. 
Requirements for the complete support subsys- 
tem are refined, and support resources are de- 
veloped. Production configurations of operating 
materiel and support equipment and the 
resources of appropriate support elements are 
tested as a system to determine the adequacy 
of the planned support. These maintenance en- 
gineering activities will result in final materiel 
support plans and an operating maintenance 
analysis data system. 

As production is accelerated, maintenance 
engineering activity declines from its peak. De- 
sign change impacts are analyzed; compatibility 
is maintained between the design changes, the 
data system, and the materiel support plans; 
and the acquisition of support resources is mon- 
itored. Additionally, a plan is prepared for mod- 
ifying the materiel if modifications are required 
after it is deployed. 

During deployment, maintenance engineer- 
ing evaluates and analyzes the maintenance and 
operating experience of deployed materiel. The 
efficiency and effectiveness of support are de- 
termined, in large part, by comparing field data 
with the maintenance analysis data that were 
previously compiled. Problems are solved by in- 
depth maintenance analyses. In some cases, the 
solution will be to modify the maintenance sup- 
port plans. In other cases, both hardware 
changes and support plan modifications will be 
required. As the materiel life cycle approaches 
its conclusion and sufficient data relating to 
the future force structure become available, 
maintenance  engineering   prescribes  technical 

criteria regarding the final disposal of materiel, 
and a plan is prepared for removing the 
materiel from the inventory. Preparation and 
implementation of the plan are not maintenance 
engineering responsibilities. 

Maintenance engineering depends heavily 
upon historical maintenance data. It is virtually 
the only type of data upon which to base 
decisions during the early part of a materiel 
program. Subsequently, design data upon which 
to base technical decisions become available, 
but historical data remain as a valuable source 
of ideas and a tool with which to test the validi- 
ty of analytical determinations. Analysis of past 
experience reveals which characteristics have or 
have not proved satisfactory on existing items. 
Such analysis discloses major downtime con- 
tributors, indicates high failure rate items, 
identifies design features that benefit support, 
identifies prime contributors to high cost, in- 
dicates maintenance man-hour requirements, 
helps identify trouble spots, and provides pa- 
rameters for analyses. 

Without the benefit of the operational and 
support history of previous systems, the main- 
tenance engineer cannot perform his function 
efficiently and effectively on a new system. 
This highlights an easily overlooked fact: data 
acquired and analyzed after deployment of a 
system benefit not only the system itself, but 
also future systems. 

Materiel support resource requirements 
vary with design changes, and are termed sup- 
port parameters when considered in this light. 
Similarly, design features that impact support 
requirements are termed maintenance param- 
eters. One of the most important maintenance 
engineering functions is to influence the main- 
tenance parameters in order to reduce the cost 
of the support parameters by an amount greater 
than any increase accruing to materiel acquisi- 
tion costs as a result of design changes. For 
example, the design of equipment with discard- 
at-failure modules will normally improve 
materiel availability and reduce the costs of the 
personnel, training, and publication support pa- 
rameters. On the other hand, repair part costs 
and basic hardware costs will probably increase. 
If the total of the reduced costs exceeds the 
total of the increased costs, on a life cycle basis, 
discard-at-failure modules comprise a desirable 
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maintenance parameter. A proper course of ac- 
tion cannot be selected without a detailed trade- 
off. Par. 1-3 discusses maintenance engineering 
objectives, and it will be noted that many of 
these objectives can be attained by properly in- 
fluencing design. It must be emphasized, how- 
ever, that each item of materiel and its op- 
erational requirements pose a unique problem, 
and maintenance parameters suitable for one 
combination might be undesirable for another. 

1-2 INTERFACE BETWEEN MAINTENANCE 
ENGINEERING AND MAINTENANCE 

Maintenance engineering and maintenance 
are two distinct disciplines with well-defined 
interfaces. Maintenance engineering assists in 
the acquisition of resources required for main- 
tenance and provides policies and plans for the 
utilization of the resources in accomplishing 
maintenance. Maintenance activities make use 
of the resources in physically performing those 
actions and tasks attendant on the equipment 
maintenance function for servicing, repair, test, 
overhaul, modification, calibration, modern- 
ization, conversion, etc. (Ref. 1). 

Maintenance engineering activities begin 
in the conceptual phase of a materiel program 
and continue throughout its life cycle. Main- 
tenance activities begin at the start of the 
deployment phase and continue until disposal. 
During the deployment phase, when the two 
activities are concurrent, maintenance person- 
nel document maintenance experience in for- 
mats prescribed by applicable directives. Main- 
tenance engineering analyzes these data and 
may establish requirements for equipment mod- 
ifications and modified maintenance policies or 
plans (Ref: 3). 

Maintenance engineering defines, in- 
tegrates, and evaluates the total support sub- 
system. Any changes in system technical re- 
quirements or in the support plan that are sub- 
jected to a maintenance analysis invariably will 
impact upon more than one support element. 
Maintenance is performed at levels identified 
as organizational, field, and depot, each of 
which is devoted to the maintenance of system 
components specified by maintenance engineer- 
ing. Maintenance personnel are not responsible 
for considering the total support subsystem, 
which would, of course, duplicate maintenance 
engineering functions. 

Although maintenance engineering and 
maintenance have the same objective, i.e., mis- 
sion ready equipment at lowest cost, the en- 
vironments in which they function are signifi- 
cantly different. Maintenance engineering is an 
analytical function and, as such, is methodical 
and deliberate. On the other hand, maintenance 
is a function which, particularly in combat, 
must be performed under adverse circum- 
stances and great stress. At such a time, its 
one goal is to rapidly restore the equipment 
to an operational status with the resources at 
hand. Whether the task can be performed rapid- 
ly and economically under those circumstances 
depends in large part upon how well past main- 
tenance engineering decisions reflect an under- 
standing of maintenance problems generated by 
the operational environment. 

1-3 MAINTENANCE ENGINEERING 
OBJECTIVES 

The fundamental objectives of mainte- 
nance engineering are to insure that new 
materiel is designed for ease of maintenance 
and that an adequate economic support sub- 
system is provided in a timely manner. These 
objectives must be attained concurrently to 
reach an optimum balance between design and 
support. It is possible to provide an optimum 
support subsystem for a poorly conceived de- 
sign, but this subsystem would represent failure 
in the achievement of the maintenance engi- 
neering design objective, and consequently 
would not be comparable economically to a sup- 
port subsystem for well-designed materiel. The 
design and support objectives are inseparable. 

The fundamental objectives may be at- 
tained through identification and attainment of 
a series of contributing objectives (Ref. 4). Each 
objective is very important, but is termed con- 
tributing because its accomplishment merely 
contributes to accomplishment of the 
fundamental objectives rather than their com- 
plete accomplishment. The contributing objec- 
tives are: 

a. Reduce the amount and frequency of 
maintenance. 

b. Improve maintenance operations. 

c. Reduce the amount of supply support. 

d. Establish optimum frequency and extent 
of preventive maintenance to be performed. 
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e.  Minimize the effect of complexity. 

/  Reduce the maintenance skills required. 

g.  Reduce  the volume   and  improve the 
quality of maintenance publications. 

h.  Provide  maintenance  information   and 
improve maintenance educational programs. 

i   Improve the maintenance organization. 

j. Improve and insure maximum utiliza- 
tion of maintenance facilities. 

The actions required for attainment of the 
contributing objectives (Ref. 4), and hence the 
fundamental objectives, must start when 
materiel is being conceived and must continue 
until it is removed from the inventory. The ac- 
tions impact design, and the structure and ap- 
plication of support resources. Some of the ac- 
tions, by strict definition, do not fall within 
maintenance engineering functions, but since 
they impact adequacy and economy of support, 
maintenance engineering must provide lead- 
ership in insuring that they are accomplished. 
Each contributing objective and some of the 
more important actions supporting its attain- 
ment follow. Wherever appropriate, the phrase 
"when cost-effective" should be considered 
implicit in the action statements. It will be 
noted that some of the actions support the at- 
tainment of more than one objective. 

a.  Reduce the  amount  and frequency of 
maintenance: 

(l)Establish a support concept and 
qualitative design requirements when materiel 
is being conceived. 

(2) Establish quantitative 
maintainability and reliability design features 
early enough to permit their incorporation into 
the materiel development program. 

(3) When feasible, stress modular 
packaging, quick go/no-go diagnostics, prog- 
nostics, and accessibility. 

(4) Make maximum use of test and 
maintenance data in establishing and eval- 
uating support element resources. 

(5) Accomplish a teardown of materiel 
prior to preparation of final maintenance alloca- 
tion charts and initial  provisioning. 

(6) Obtain and analyze maintenance, 
performance, and failure data from the field, 
and correct discrepancies. 

(7) Perform no unnecessary mainte- 
nance. 

(8) Carefully establish inspection pro- 
cedures and criteria by which to determine re- 
pair eligibility of materiel. 

(9) Publish lists of materiel to be can- 
nibalized or salvaged when it becomes un- 
serviceable. 

b. Improve maintenance operaticns: 

(1) Define and apply the best of cur- 
rent management and maintenance techniques. 

(2) Research industry practices, 
participate in symposia, and review trade 
publications. 

(3) When possible, establish standard 
commercial-type test, measurement, and diag- 
nostic/prognostic equipment, tools, and han- 
dling equipment for use in maintenance shops. 

(4) Develop uniform criteria and pro- 
cedures for computing maintenance workloads. 

(5) Establish a file of reference data 
on all work operations, including time and over- 
haul standards, layouts, tool and equipment re- 
quirements, and related information, to expedite 
planning and accomplishment of recurring op- 
erations. 

(6) Develop and apply simplified inter- 
nal budgeting techniques to control costs in 
maintenance shops. 

c. Reduce the amount of supply support: 

(1) Reduce the number of varieties of 
equipment, components, and repair parts by 
standardization, eliminating nonessential items, 
phasing out obsolete materiel, emphasizing geo- 
graphical standardization, and, when feasible, 
using restrictive procurement to augment exist- 
ing inventories with identical items. 

(2) Screen repair parts lists and 
eliminate duplications. 

(3) Use cannibalization as a source of 
low mortality repair parts and for repair parts 
not type classified as standard during the latter 
part of the materiel life cycle. 

(4) Maintain current, worldwide in- 
ventories of materiel requiring repair parts sup- 
port. 

(5) Develop and publish data identify- 
ing where repair parts are used, by make, mod- 
el, and serial number, if necessary, of end 
items, assemblies, and components. 
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(6) Determine and publish data per- 
taining to repair parts interchangeability. 

(7) Periodically review authorizations 
of expendable supplies and assure compatibility 
between current authorizations and require- 
ments. 

d. Reduce the frequency and extent of pre- 
ventive maintenance to be performed: 

(1) Establish design requirements such 
as self-adjusting assemblies, self-lubricating 
bearings, and corrosion-resistant finishes. 

(2) Apply diagnostic/prognostic equip- 
ment and techniques to eliminate teardown in- 
spections for determining required mainte- 
nance. 

(3) Establish realistic preventive main- 
tenance intervals based initially upon historical 
and design data, and adjust the intervals when 
field experience data become available. 

(4) Insure that current preventive 
maintenance checklists are in the hands of the 
user. 

e. Minimize the effect of complexity: 

(1) Design materiel for maximum 
practical reliability and maintainability. 

(2) Design materiel to permit accom- 
plishment of organizational maintenance by 
easy removal and replacement of modules or 
assemblies. 

(3) Design to provide with the max- 
imum practical number of discard-at-failure 
modules. 

(4) Provide for diagnostics/prognostics 
by  built-in  test  equipment  (BITE) and  auto- 

• matic test equipment (ATE) that is easy to op- 
erate and interpret. 

(5) Accomplish maintenance by re- 
placement of piece parts as a last resort and 
only at the depot level. 

(6) Provide depots with automatic test 
equipment, and minimize depot requirements 
for manual troubleshooting. 

/ Reduce the maintenance skills required: 
(1) Establish, during the conceptual 

phase, an optimum support concept and qual- 
itative design requirements that are compatible 
with materiel mission requirements. 

(2) Establish quantitative 
maintainability  and reliability design features 

early enough to permit their incorporation into 
the materiel development program. 

(3) When practical, stress simple 
go/no-go diagnostics and discard-at-failure mod- 
ules. 

(4) Establish design features that 
eliminate or minimize the need for mainte- 
nance. 

g.  Reduce  the volume   and  improve the 
quality of maintenance publications: 

(1) Use the most advanced and proven 
military, educational, and commercial tech- 
niques for the presentation of material. 

(2) When such presentation is effec- 
tive, present information with combinations of 
microfilm and taped aural narration. 

(3) Make maximum use of illustra- 
tions, charts, and tables. 

(4) Periodically review maintenance, 
publications to assure currency. 

(5) Critically review maintenance en- 
gineering analysis data provided to equipment 
publications personnel as the basis for manuals. 

(6) Conduct careful validation and ver- 
ification programs for maintenance publica- 
tions. 

(7) Stress adherence to standard def- 
initions and symbols. 

(8) Make maximum use of manufac- 
turers' manuals. 

h.  Provide  maintenance  information   and 
improve maintenance educational programs: 

(1) Establish and maintain a program 
for dissemination of digested maintenance in- 
formation of general value to maintenance per- 
sonnel. 

(2) Use available communication 
media, including military and commercial 
publications and presentations to military and 
civilian personnel, to stress the importance of 
maintenance. 

(3) Insure that key management per- 
sonnel, both directly and indirectly associated 
with maintenance, are adequately indoctrinated 
with the objectives and importance of main- 
tenance engineering and maintenance by at- 
tending appropriate schools as a part of their 
career development program.       .    . 
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(4) Insure that agencies involved in the 
maintenance indoctrination of personnel use 
current material. 

(5) Conduct on-the-job maintenance 
training to augment formal training courses. 

i   Improve the maintenance organization: 

(1) Place maintenance activities in a 
position in the organizational structure which 
provides for authority commensurate with the 
continuously increasing scope and magnitude of 
their responsibilities. 

(2) Periodically evaluate the personnel 
and equipment resources assigned to mainte- 
nance organizations by determining workloads 
and resource utilization rates, and make appro- 
priate changes. 

(3) Develop and apply improved stand- 
ards for determining the maintenance resources 
required to accomplish actual maintenance 
workloads and similar standards for accurately 
predicting maintenance workloads that will be 
generated by new materiel. 

(4) Monitor depot maintenance oper- 
ations, and, when appropriate, insure that suc- 
cessful innovative management procedures and 
techniques proven at one depot become standard 
for all depots. 

j.   Improve  and  insure  maximum   utiliza- 
tion of maintenance facilities: 

(1) Continuously survey existing Army 
depot maintenance facilities for essentiality and 
maximum utilization. 

(2) Identify and segregate excess costs 
resulting from underutilized capabilities of 
depot maintenance shops, and take appropriate 
action. 

(3) Schedule the total depot mainte- 
nance workload into the minimum number of 
depot maintenance facilities that can efficiently 

. and economically accomplish the work with one- 
shift operations. 

(4) Combine maintenance functions 
and allied trade shops, and use cross-servicing 
agreements with other services when econom- 
ical and practical. 

(5) Reduce the variety of facilities, 
special tools, and test, measurement, and di- 
agnostic equipment by standardization, 
eliminating obsolete and nonstandard supply 
items, establishing uniform maintenance proce- 

dures and, shop layouts, and conducting effec- 
tive maintenance engineering activities during 
the development of special tools and test, meas- 
urement, and diagnostic equipment. 

1-4 INTERFACE AMONG MAINTENANCE 
ENGINEERING ELEMENTS AND 
RELATED DISCIPLINES 

Maintenance engineering is the interface 
between system design and system support. It 
influences design by levying requirements on 
the design disciplines of reliability, 
maintainability, human factors, safety, and 
transportability. It controls the design of sys- 
tem support since it is the sole activity that 
establishes resource requirements that must be 
satisfied by the support subsystem. The require- 
ments are further refined and the resources are 
developed and acquired by organizational en- 
tities called support elements, which are estab- 
lished for support equipment, repair parts and 
support, equipment publications, personnel and 
training, facilities, supply and maintenance 
technical assistance, contract maintenance, and 
transportation and packaging. 

Fig. 1-1 is a chart of maintenance engi- 
neering interfaces with these elements. The 
focal point of the chart contains the three in- 
separable maintenance engineering ele- 
ments-analysis, planning, and documentation. 
Analysis and planning comprise the systematic 
process by which maintenance engineering con- 
siders all factors bearing on timely and eco- 
nomic support, and reaches a decision. Docu- 
mentation is a systematic recording of the 
analysis process and of the decisions reached. 
Analysis, planning, and documentation are ac- 
complished within a broad spectrum of formali- 
ty. At one extreme, analysis and planning can 
involve the solution of a current problem by 
the simple application of historical data and 
judgment. The companion documentation could 
be correspondence documenting the solution and 
giving the rationale, and a milestone in a plan. 
The middle of the spectrum is represented by 
analyses involving trade-offs among various 
support alternatives, reaching a decision, and 
documenting the trade-offs and the decision. 
Typical of the other spectrum extreme are 
formal analysis, planning, and documentation 
involving  detailed  examination  of  system 
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materiel to determine support requirements and 
other maintenance-relevant data, and recording 
the results in a prescribed format. 

The activities (except provisioning) shown 
in Fig. 1-1 apply to all materiel program phases. 
Maintenance engineering starts influencing de- 
sign and defining support requirements in the 
conceptual phase and continues until disposal. 
At any point during the program phases, main- 
tenance engineering is aware of the status of 
design, and the status of the support subsystem. 
If design were frozen at any point, subsequent 
maintenance engineering effort would be 
devoted to refinement of the support subsystem 
to the degree permitted by the depth of design 
information. This situation rarely occurs. De- 
sign is constantly evolving, even during deploy- 
ment, as is the support subsystem. As a result, 
maintenance engineering is continuously receiv- 
ing design and support status information, per- 
forming and documenting analyses, updating 
plans, and issuing requirements to the design 
and support functional elements. Maintenance 
engineering design requirements may not 
always be completely satisfied because of con- 
flicts with system constraints such as allotted 
time, performance, size, weight, and available 
funds. Support requirements are essentially 
directive in nature, and will be satisfied. 

The interfaces among maintenance engi- 
neering and the related disciplines can best be 
described by briefly discussing the contribution 
of each discipline to support and the type of 
information that flows between maintenance 
engineering and the disciplines. The design dis- 
ciplines will be discussed first, in the order in 
which they are shown in Fig. 1-1. 

Reliability is a characteristic of design 
that can be expressed briefly as the probability 
that equipment will perform without failure for 
a specified time under stated conditions. An a- 
nalogous definition for maintainability is the 
probability that an item can be repaired in a 
specified time under stated conditions. These 
two design characteristics are very important. 
They combine to produce availability, which is 
the probability that materiel will be available 
for use, when required, under stated conditions. 
They are also the largest generator of support 
resource requirements, since failures resulting 
from unreliability generate the corrective main- 
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tenance workload, and the level of 
maintainability determines how economically 
the maintenance can be accomplished. 

The leverage reliability exerts on the sup- 
port elements can be appreciated by observing 
that an item that will function throughout its 
intended life cycle with no failures requires no 
maintenance corrective support other than the 
end items required to replace items lost in com- 
bat or otherwise destroyed. It would not be 
logical to plan for the repair of such equipment. 
Unfortunately, complex systems with 100 per- 
cent reliability are technically or economically 
impossible to produce, and therefore the main- 
tenance support must be planned for military 
materiel. Maintenance engineering participates 
in the establishment of initial reliability re- 
quirements. Major considerations are oper- 
ational requirements, historical data, reliability 
state of the art, support resource requirements, 
and materiel acquisition costs. As the program 
progresses, the reliability requirements are 
refined whenever it can be demonstrated that 
operational requirements can be satisfied with 
reduced life cycle costs. Reliability analyses 
continuously provide maintenance engineering 
with predicted reliability or observed reliability, 
depending upon the materiel program phase. 

Predicted reliability data tend to be op- 
timistic when compared to failures that actually 
occur when materiel is in the hands of the user, 
because reliability engineers normally deal with 
inherent reliability-the reliability of the paper 
design—rather than with reliability of the field- 
ed materiel. Inherent reliability does not ac- 
count for failures that might result from ac- 
tivities such as manufacturing, acceptance 
tests, user maintenance activities, and operator 
errors. Maintenance engineering ascertains how 
reliability data were derived and, when appro- 
priate, modifies the data with field experience 
and maintenance engineeringjudgment. 

The objective of maintainability is to de- 
sign equipment that will satisfy operational 
availability requirements and can be main- 
tained easily and economically. In relation to 
support, the term "easily" implies low personnel 
skills, simple diagnostic procedures, and min- 
imum times to remove, replace, and test the 
failed, replaceable unit. The term "economi- 
cally" implies accomplishment of the mainte- 
nance at lowest life cycle cost. Maintainability 
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and maintenance engineering objectives with 
regard to ease and economy of maintenance are 
the same. Maintenance engineering provides 
general requirements to maintainability by 
means of the maintenance concept, assists in 
the interpretation of the concept and in the con- 
duct of design and support trade-offs, and 
transmits specific requirements as they become 
available from analysis. Maintainability deter- 
mines design features such as equipment pack- 
aging and diagnostics that economically satisfy 
both operational requirements and the mainte- 
nance concept and incorporates the features 
into materiel design. Design maintenance char- 
acteristics and predicted or observed repair 
times are transmitted to maintenance engineer- 
ing. 

Human factors and safety are disciplines 
closely related to each other, and to main- 
tainability. The objective of human factors is 
to design both operational and support equip- 
ment so that its use and maintenance are com- 
patible with human capabilities. The objective 
of safety is to design the same equipment so 
that it can be operated and maintained safely. 
Maintenance engineering requirements for these 
disciplines are based on historical data, design 
analysis, and observation of activities involving 
the operation and maintenance of hardware. 
The disciplines transmit design information and 
safety procedures to maintenance engineering. 

Transportability, in its broadest sense, is 
a design characteristic that establishes the 
transportation, handling, and packaging re- 
quirements for equipment. Some trans- 
portability features might be dictated by special 
operational requirements—such as a capability 
for equipment to be delivered by parachute. 
Others-such as compatibility with standard 
transportation and handling equipment, ade- 
quate tiedown and lift points, and compatibility 
with standard packaging and preservation tech- 
niques-are established by maintenance engi- 
neering. Materiel design is monitored by main- 
tenance engineering to insure that trans- 
portability requirements are satisfied. 

Maintenance engineering derives quanti- 
tative and qualitative resource requirements for 
each of the support elements by analyzing avail- 
able data-including design information, histor- 
ical data, and operational requirements-as they 

apply to the current maintenance concept. The 
requirements include delivery schedules that 
must be satisfied. The support functional ele- 
ments feed back detailed plans for satisfying 
the requirements, and maintenance engineering 
develops a materiel support plan that defines 
how each type of resource will be used in 
logistic support and how it will be obtained. 
Typical products of each support element, other 
than a plan, and the nature of the requirements 
received by the element from maintenance en- 
gineering are discussed in the paragraphs that 
follow. 

Support equipment includes test, measure- 
ment, and diagnostic equipment, handling 
equipment, tools, calibration equipment, and 
training equipment. Maintenance engineering 
transmits requirements to the support equip- 
ment element for both new and standard sup- 
port equipment. The new equipment undergoes 
a design cycle identical to that of operational 
equipment, and maintenance engineering in- 
fluences the design as previously described. Use 
locations and quantities for all support equip- 
ment are refined, and requirements and sup- 
porting data for provisioning the equipment are 
transmitted to the support equipment element. 
Maintenance engineering plans the support of 
support equipment in the same manner that 
it plans the support of operational equipment. 

Repair parts and support include repair 
parts and maintenance floats. Maintenance en- 
gineering identifies all requirements for repair 
parts and maintenance floats, and generates 
other data required to provision the items. Re- 
quirements and documentation are transmitted 
to the repair parts and support functional ele- 
ment for satisfaction of the requirements. 

After receiving maintenance engineering 
requirements, personnel from the support equip- 
ment and repair parts and support functions 
participate in provisioning activity. The 
provisioning activity has the objective of assur- 
ing that support equipment and repair parts 
will be available in the proper locations, when 
they are required (Ref. 5). The full provisioning 
cycle involves documentation, selection, coding, 
determination of maintenance factors, catalog- 
ing, computation, procurement, production, and 
delivery. Maintenance engineering analysis pro- 
vides the source data for the first four of these 
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functions. Maintenance engineering generates 
documentation to support provisioning 
decisions, seiects items, identifies the source of 
each item, establishes the lowest level of main- 
tenance authorized to use the item, and provides 
guidance for the disposition of unserviceable 
items. Additionally, it provides maintenance 
factors showing the replacement rate require- 
ment generated by deployed items (Ref. 6). The 
two support functional elements and other 
agencies complete the provisioning process 
based on the maintenance engineering inputs. 
When the volume of data is large, as is the 
case in major materiel acquisitions, provision- 
ing is accomplished with the assistance of auto- 
matic data processing (ADP) equipment. 

Equipment publications include Technical 
Manuals, Technical Bulletins, and depot main- 
tenance work requirements that define the man- 
ner in which the operational equipment will be 
operated and maintained. In addition, the 
publications include Supply Manuals and man- 
uals pertaining to the maintenance and oper- 
ation of the support equipment. Maintenance 
engineering inputs to the equipment publication 
element include much of the information re- 
quired for preparation of the necessary docu- 
mentation. Publication personnel augment the 
information by drawing and hardware analysis. 

The objective of the personnel and training 
element is to train personnel in the numbers 
and skills required. Maintenance engineering 
specifies requirements for the numbers and 
skills, and provides other information that as- 
sists in defining training requirements. The per- 
sonnel and training element prepares courses 
of instruction, identifies requirements for train- 
ing equipment, which are made a part of main- 
tenance engineering requirements to the sup- 
port equipment element, and accomplishes the 
instruction. 

The facility element exists to satisfy all 
maintenance and storage facility requirements 
by either reprogramming the use of existing 
facilities or constructing new facilities. Main- 
tenance engineering describes the facility re- 
quirements in terms of utilization, plans or 
sketches, utility requirements, and other infor- 
mation required by the facility element to ac- 
complish its function. 

Supply and maintenance Uduical assist- 
ance is provided to field Commanders to aug- 
ment their organic supply ar3 maintenance 
capability. This assistance nornv.ily is provided 
by Army military and civilian personnel, but 
is sometimes provided by contractor field serv- 
ice personnel. Maintenance engineering estab- 
lishes supply and maintenance technical assist- 
ance requirements based on cost-effectiveness 
considerations. Sometimes, it is cost-effective to 
use the assistance during a limited period while 
an organic capability is being established. How- 
ever, the assistance frequently is provided 
throughout the operational phase for complex 
systems and for low-density systems with 
materiel quantities that do not justify the es- 
tablishment of a normal full-range support pro- 
gram. 

Contract maintenance is that maintenance 
of Army materiel performed at the organiza- 
tional, field, or depot level by a contractor on 
a one-time or continuing basis. Unlike con- 
tractor field service, contract maintenance aug- 
ments Army maintenance resources such as 
manpower, facilities, equipment, and tools. As 
in the case of supply and maintenance technical 
assistance, maintenance engineering bases con- 
tract maintenance requirements or? cost- 
effectiveness considerations. 

Transportation and packaging include the 
activities involved in moving equipment from 
the production line to the point of use and re- 
cycling it between the point of use and appro- 
priate maintenance levels. Specifically, it in- 
volves preservation, packaging, packing, trans- 
portation, and handling. Maintenance engineer- 
ing provides the transportation and packaging 
element with requirements that identify quan- 
tities, locations, and schedules, and environmen- 
tal constraints that impact preservation and 
packaging. The requirements emphasize 
nonstandard aspects of equipment that preclude 
normal transportation by military and com- 
mercial carriers, and aspects that necessitate 
special preservation and packaging techniques. 
Transportation and packaging may identify re- 
quirements for additional handling equipment, 
in which case the requirements will be trans- 
mitted to the support equipment element by 
maintenance engineering. 
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CHAPTER 2 
MAINTENANCE ENGINEERING EFFORT THROUGHOUT 

THE LIFE CYCLE 

This chapter elaborates on the materiel life 
cycle concept and defines the objectives of each 
phase. The tools and techniques available to 
maintenance engineering to insure timely avail- 
ability of an optimum combination of materiel 
and support resources are described. Army and 
contractor plans that provide the basis for all 
life cycle support activities are discussed. 

2-1   INTRODUCTION 

The time frame encompassing all activities 
associated with a materiel program from con- 
ception through disposal is called its life cycle. 
For management purposes, the life cycle is 
divided into intervals of time called phases, and 
each is assigned specific objectives. Phase dura- 
tions are established by the highest manage- 
ment levels in the Department of Defense and 
the Army, and vary depending upon technical, 
economic, and foreign threat factors. These 
management levels also review progress at spec- 
ified phase points to determine whether or not 
subsequent activities should be continued. 

Appropriate agencies and disciplines are 
assigned responsibilities for accomplishing spe- 
cific functions within each phase. For example, 
maintenance engineering is responsible for pre- 
paring a support concept in the first life cycle 
phase. These responsibilities are assigned by 
formal directives. The assignments, coupled 
with the time frames established for the phases, 
provide the responsible parties with the infor- 
mation required to plan for the accomplishment 
of their assigned functions, and provide man- 
agement with a basis for evaluating progress. 

Life cycle phases are designated with de- 
scriptive names, which in the past have under- 
gone relatively frequent minor changes. The de- 
scriptions of some specific functions have also 
changed, particularly with regard to the des- 
ignations of the documentation that must be 
prepared during the phases. However, the fun- 
damental requirement to prepare documen- 
tation remains. When viewed in this light, it 
may be stated that fundamental functions, in- 
cluding fundamental maintenance engineering 
functions, have remained unchanged. 

In anticipation of future designation 
changes for both phases and specific functions, 
this chapter will emphasize the fundamental 
maintenance engineering functions and will in- 
troduce specific phase and functional designa- 
tions only to the degree required to provide 
continuity. When these requirements occur, des- 
ignations current during the preparation of this 
handbook will be used. 

Fig. 2-1 shows the life cycle phases, in the 
sequence in which they occur during acquisition 
and deployment of complex materiel, and im- 
portant decision milestones. During the con- 
ceptual and validation phases, program activity 
is limited to the phase in progress. During por- 
tions of the other phases, program activity typ- 
ically occurs in more than one phase. Phase 
durations and the durations of phase overlaps 
are unique to each materiel program (Ref. 1). 

Maintenance engineering participates in all 
of the life cycle phases. Summary statements 
of phase objectives and some of the most im- 
portant maintenance engineering activities fol- 
low: 

a. Conceptual Phase. The objective of this 
phase is to select a materiel concept and a com- 
panion support concept that best satisfy estab- 
lished operational requirements. Selection is 
based on but not limited to technical, cost, po- 
litical, world environment, and schedule con- 
siderations. Maintenance engineering first pro- 
vides historical data that assist in selection of 
the materiel approach that best satisfies the 
requirements. Subsequently, two functions are 
performed almost concurrently: (l)the materiel 
concept is influenced by considerations of econ- 
omy of support, and (2) an economic support 
concept is developed. Current support resources 
and concepts as well as new concepts are eval- 
uated for application to the new materiel. Selec- 
tions and design recommendations are based on 
analyses, trade-offs, historical data, and judg- 
ment. Support plans are prepared and become 
a part of the materiel documentation package 
that must receive management approval before 
the next phase can be initiated. 
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figure 2-1.   Materiel Life Cycle Phases 

b. Validation Phase. The objective of this 
phase is to validate and refine conceptual 
decisions regarding materiel and support. This 
phase normally is conducted with the assistance 
of one or more contractors. Maintenance en- 
gineering provides support inputs to a request 
for proposal that solicits contractor proposals 
to accomplish the validation phase scope of 
work and assists in evaluating contractor re- 
sponses. Selected contractors conduct com- 
prehensive studies and may fabricate prototype 
hardware. The contractors then prepare reports 
that include materiel and support specifications 
and proposals for developing and acquiring the 
materiel and support element resources. Main- 
tenance engineering evaluates the support 
aspects of the proposals, makes revisions to sup- 
port planning, and assists in contractor selec- 
tion. Subsequently, a development contract is 
negotiated. 

c. Full-scale Development Phase. The ob- 
jectives of this phase are as follows: to prepare 
a technical data package that can be used to 
produce operating and support materiel; to de- 
velop selected support resources to a degree 
that they can be used in realistic tests;  and 

to identify and plan for the acquisition of all 
required support resources. An extensive main- 
tenance engineering analysis effort is initiated. 
Requirements for design changes are estab- 
lished, and support resource requirements are 
refined concurrently with progressing design. A 
preliminary maintenance allocation chart and 
preliminary technical publications are prepared. 
Hardware test and demonstration results are 
reflected in requests for design changes and 
support requirements. Final plans for the ac- 
quisition of support element resources are pre- 
pared. Plans should be formulated for verifying 
the requirement for long lead time support 
equipment early in the development cycle. 

d. Production Phase. The first objective of 
this phase is to demonstrate with limited pro- 
duction quantities that the materiel produced 
with production tooling meets planned objec- 
tives and is compatible with planned support. 
Subsequently, full-scale production is initiated, 
and planned quantities of operating and support 
materiel and support resources are manufac- 
tured or otherwise acquired. Maintenance en- 
gineering assists in evaluating test results dur- 
ing limited production.  Throughout production, 
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compatibility between design and support is 
maintained, and the acquisition of support 
resources is monitored. 

e. Deployment Phase. The objectives of 
this phase are to deploy, operate, and support 
the materiel. Maintenance engineering receives 
and analyzes operational performance and sup- 
port data, recommends design and support 
changes, and evaluates design changes recom- 
mended by other agencies for their impact on 
support. Support plans, policy, doctrine, and the 
maintenance analysis data system are updated 
as required. 

/ Disposal Phase. The objective of this 
phase is to remove materiel from the inventory. 
Materiel can become obsolete due to improved 
capabilities of potential enemies, as a result of 
technological advances that make possible the 
development of more economical materiel with 
improved performance characteristics, or more 
likely, due to a combination of the two factors. 
Maintenance engineering prepares and provides 
technical criteria to be used in accomplishing 
the disposal phase. 

Each of these phases is treated in detail 
in the paragraphs that follow. 

2-2 CONCEPTUAL PHASE 

The objective of the conceptual phase is 
to develop and select the best materiel approach 
that will satisfy an established requirement and 
to demonstrate the feasibility of the approach 
from a technical, cost, and schedule standpoint. 
The conceptual effort is characterized by the 
generation of materiel design data and utili- 
zation plans in sufficient detail to allow gross 
life cycle cost analyses and the definition of 
baseline operational and support concepts. The 
effort encompasses preparation of a devel- 
opment plan that includes a description of the 
materiel to be developed, a plan for conducting 
the validation phase, and the support plans. At 
the conclusion of the conceptual phase, a man- 
agement review is conducted to insure that the 
necessary preliminary work has been accom- 
plished and that threat and operational 
analyses, trade-off and cost and mission effec- 
tiveness studies, and the technological state of 
the art provide a firm foundation for pro- 
ceeding. 

Maintenance engineering is responsible for 
the accomplishment of all activities directly re- 
lated to support, and for the maintenance of 
interfaces with disciplines that impact support. 
Other disciplines have analogous functions with 
regard to their responsibilities, and all man- 
agement levels have a requirement to track 
progress. Procedural models have been devel- 
oped to assist all activities in accomplishing 
their functions properly and on time. Among 
other functions, these models dictate that main- 
tenance engineering trade-offs and analyses of 
operational and support parameters be con- 
ducted, and that certain support plans be pre- 
pared. 

Procedural models present the time-phased 
activities required of all agencies involved in 
a materiel acquisition program, ranging from 
management decisions to activities of dis- 
ciplines such as maintenance engineering, 
reliability, and maintainability. The models also 
provide guidance pertaining to methods, coor- 
dination and interface requirements, and the 
destination of the products of the activities. In 
effect, procedural models are complex function- 
al flow diagrams that specify how materiel will 
be conceived, fielded, and supported. 

Materiel operational parameters are the 
characteristics that equipment must have in 
order to satisfy operational requirements; for 
example, a capability to operate in Arctic 
regions. Maintenance parameters are the char- 
acteristics of materiel that impact maintenance 
requirements; for example, maintainability fea- 
tures. Maintenance engineering determines the 
support impact of operational parameters and, 
by analyses and trade-offs, establishes mainte- 
nance parameters that result in satisfaction of 
the operational parameters at least cost. 

Support planning is designed to identify, 
schedule, and control the activities required for 
timely and adequate support of materiel. These 
activities pertain to plans, events, and resources 
necessary for analysis and evaluation of support 
requirements, and for development, acquisition, 
and use of support resources. Support planning 
is based on materiel maintenance character- 
istics. Support plans are the implementing 
documents for maintenance decisions. They re- 
flect the current state of proposed maintenance 
for the system, and establish a baseline for sup- 
port resource development. 
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Support plans, in general, describe the 
maintenance actions that are being considered 
for the materiel and the projected maintenance 
and supply capability necessary to accomplish 
the actions. Specific functional area plans are 
prepared to provide this capability. Support 
plans prepared during the conceptual phase 
comprise a part of the resulting baseline docu- 
mentation. It is very important that the support 
plans completely define both objectives and re- 
quirements to insure that support receives 
proper consideration in the validation phase. 

2-2.1   PROCEDURALMODEL 

Numerous Army agencies, the Office of the 
Secretary of Defense, and one or more con- 
tractors participate in a major materiel acquisi- 
tion program. Regulations and directives specify 
how these programs will be conducted, but it 
is  easy to  envision the  confusion  that  could 

result if each agency planned its own and its 
interface activities based on its interpretation 
of the current directives. To circumvent the po- 
tential problem, procedural models have been 
developed that lay out in a timed sequence the 
activity responsibilities and interfaces of each 
agency. The models can be simplified and made 
more useful by emphasizing a major activi- 
ty-support planning and acquisition, for exam- 
ple-and that is precisely what is done in the 
case of support procedural models that have 
been developed and published for each life cycle 
phase. 

At the start of a materiel acquisition pro- 
gram, maintenance engineering should first ac- 
quire a current support procedural model, study 
the model along with pertinent directives, and 
plan conceptual activities. Fig. 2-2 shows a sup- 
port procedural model for the conceptual phase 
developed to  an intermediate  level of detail. 
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Figure 2-2.  Support Procedural Model, Conceptual Phase 
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This level is most useful for a general model. 
For a specific situation, each of the activity 
blocks can be expanded to lower levels, but the 
value derived from such expansion would be 
doubtful. A model user should be experienced 
to a degree that a requirement to identify sup- 
port trade-offs, for example, need not be backed 
up with several blocks describing how the re- 
quirement is to be accomplished. 

The discussion of Fig. 2-2 which follows 
will result in a description of maintenance en- 
gineering activities in the conceptual phase and 
will show how these activities are guided by 
a procedural model. The first thing to note is 
that four separate agencies are directly in- 
volved. Two other agencies, indirectly involved, 
are the combat developer and the user. (These 
have been omitted in the interest of simplicity.) 
For a major materiel program, higher head- 
quarters decisions are made by both the Office 
of the Secretary of Defense and the Department 
of the Army. The design engineering discipline 
is the materiel developer, the maintenance en- 
gineering discipline is the support developer, 
and the trainer represents Army training or- 
ganizations. 

Conceptual activity in the model starts 
with identification of an operational require- 
ment by any Army agency. The requirement 
is prepared in a prescribed format, and is pro- 
cessed and submitted to higher headquarters for 
approval. If approved, higher headquarters ap- 
points a task force to prepare the documen- 
tation requisite to a decision to proceed to the 
validation phase. Within the task force are rep- 
resentatives of the activities shown, as well as 
combat developer and user representatives. 
Although the task force is dissolved at the end 
of the conceptual phase, the materiel developer, 
support developer, and other activities continue 
to function. 

The materiel developer and support devel- 
oper work together closely. First, each identifies 
feasible trade-offs within his sphere of respon- 
sibility, and then each conducts trade-offs. Note 
that these activities are interdependent, as are 
support developer and trainer activities. During 
this period, maintenance, operational, and sup- 
port parameters are traded off against life cycle 
costs and effectiveness. The trade-offs necessi- 
tate  identifying  and  costing  support element 

resources required for each approach. Historical 
data are quite valuable in identifying feasible 
support approaches and in making the required 
gross cost estimates. 

After the trade-offs, the materiel developer 
selects the beat combination of design and sup- 
port concepts. The trainer refines the personnel 
requirements and long lead time training 
devices required by this approach, and prepares 
a personnel and training requirement plan. The 
plan identifies new skills, individual and crew 
training requirements, training devices, train- 
ing facilities, and associated schedules. The plan 
also provides current information concerning 
numbers and skills of personnel involved in the 
use, maintenance, and support of the proposed 
materiel. Training devices that require long de- 
velopment lead times are separately identified. 
Not shown in the model is the fact that in- 
formation on personnel requirements derived 
from the plan is forwarded to the combat de- 
veloper for his planning purposes. 

The support developer refines support re- 
quirements for the selected approach and pre- 
pares a logistic support plan. The support plan 
is broad in scope and includes milestones for 
verifying the status of support development at 
appropriate points in the materiel life cycle. The 
plan also includes critical issues of supportabili- 
ty, the anticipated logistic environment in 
which the materiel is expected to operate, life 
cycle support cost goals, and recommended 
maintainability and reliability parameters. The 
plan is greatly expanded in subsequent life cy- 
cle phases. 

The support developer generates a consid- 
erable quantity of additional data and plans to 
be included in the documentation output of the 
conceptual phase. Some of the most significant 
are inputs to a coordinated test plan involving 
both testing requirements and a plan for sup- 
porting the tests, and inputs to plans and re- 
quirements for the validation and subsequent 
phases. Among these inputs are support man- 
agement control techniques defining the con- 
trols to be used, and maintenance engineering 
analysis data management requirements. 

The training and logistic support plans and 
other support data are forwarded for inclusion 
in a development concept paper, a concept 
formulation package,  and a final report.  The 
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total task force makes contributions to these 
documents, but the materiel developer is the 
major recipient and integrator of support in- 
puts. Eventually, the three documents are for- 
warded to higher headquarters, and their ap- 
proval authorizes initiation of the validation 
phase. 

2-2.2  OPERATIONAL AND MAINTENANCE 
PARAMEYERS 

Materiel is acquired to perform specific 
missions in specific environments. These mis- 
sions and environments generally are termed 
operational requirements or operational param- 
eters. Established operational parameters may 
be satisfied by various combinations of design 
and support, but they must be satisfied. The 
support contribution to the attainment of op- 
erational parameters also can be a combination 
of design and support; for example, main- 
tainability features coupled with a maintenance 
float will contribute to the operational param- 
eter of availability. A function of maintenance 
engineering is to insure that the design selected 
to satisfy the basic operational parameters 
(range or payload, for example), when coupled 
with maintenance factors and support tech- 
niques, will result in materiel that can be ef- 
fectively and economically supported. This 
means that operational parameters must be an- 
alyzed and their support impact fully under- 
stood before useful maintenance engineering 
work can be accomplished. 

2-2.2.1   Operational Parameters 

Some of the most significant operational 
parameters that, must be evaluated are: 

a. Mission profiles 

b. Operational states 

c. Mission time factors 

d. Availability requirements 

e. Operational environments 

/ Deployment plans, including quantities, 
locations, and schedules. 

The first three parameters depict, on a 
calendar basis, the active and inactive status 
of the materiel, the time on alert or standby, 
the mission frequency and duration, and other 
operational demand periods. Analysis of these 
data and availability requirements will reveal 
the periods during which time is available for 
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maintenance actions, the location of the 
materiel at these times, and the types of main- 
tenance that can be performed within the allot- 
ted times. 

The geographical and environmental con- 
ditions under which the weapon systems are 
to operate must be subjected to analysis. 
Materiel deterioration caused by climate and 
terrain must be taken into account during de- 
velopment of maintenance policies. Geograph- 
ical deployment affects the ease with which the 
weapon may be supplied and supported. The 
working environment affects human perform- 
ance and requires design and maintenance pol- 
icies that will optimize maintenance. Finally, 
deployment plans must be evaluated carefully. 
Support design requirements and support con- 
cepts differ radically for a few units of materiel 
in a single location versus numerous units 
deployed on a worldwide basis. 

2-2.2.2  Maintenance Parameters 

An analysis of the operational parameters 
will show which maintenance parameters are 
tentatively acceptable and should be evaluated, 
and which are unacceptable. In broad terms, 
maintenance parameters include reliability and 
maintainability. Some of the more significant 
maintenance parameters in the latter category 
are: 

a. Fault isolation 

b. Mechanical and electrical packaging into 
modules, assemblies, etc. 

c. Accessibility 

d. Adjustments 

e. Interchangeability 

/  Standardization. 

These parameters must be grouped for 
some applications, and may be used singly for 
others. The first four, as a group, determine 
mean time to repair, and skill requirements, 
and with reliability, determine maintenance 
man-hour requirements. The last two impact 
support economy. Quantitative statements of 
maintainability resulting from such groupings 
are also termed maintenance parameters. Some 
of the most important of these parameters are: 

a. Mean time and maximum time to repair 
at each level of maintenance operations 
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b. Mean and maximum downtime for cor- 
rective maintenance 

c. Maintenance man-hours per utilization 
hour-total and by category of maintenance op- 
erations 

d. Minimum allowable time between sched- 
uled maintenance actions for each category of 
maintenance operations 

e. Mean and minimum time b e - 
tween/before overhaul 

/.' Maintenance man-hours by skill lev- 
el/specific maintenance action. 

The example that follows demonstrates 
how maintenance engineering selects mainte- 
nance parameters. Suppose that an analysis of 
operational parameters reveals that the max- 
imum time available to accomplish a certain 
corrective maintenance action is 30 minutes. An 
analysis of the proposed design reveals that 40 
minutes will be required, with the time about 
equally distributed between fault location, re- 
moval and replacement, and test and checkout. 
Various combinations of fault isolation 
methods, packaging, and accessibility that will 
result in a repair time of 30 minutes are traded 
off against costs. The best combination is 
selected, and appropriate design requirements 
are established. In an actual analysis, the prob- 
lem normally is not so easily solved because 
of system interactions, but the principles apply 
nonetheless. 

Established operational and maintenance 
parameters are made a part of contract spec- 
ifications, and must be stated in quantitative 
terms, or in some other manner that permits 
demonstration of achievement. It would be 
sufficient to state that like parts will be inter- 
changeable without adjustments. On the other 
hand, it would not be sufficient to state that 
good accessibility will be provided. This would 
have to be defined in terms of numbers and 
types of fasteners, sizes of access ports, time, 
and similar terms. 

2-2.3   PLANNING TECHNIQUES 

To provide for orderly documentation of 
support requirements within the materiel man- 
agement spectrum, the Army uses a series of 
formal documentary plans that provide an 
interlock of all system documentation by cross- 

referencing plans with each other and with sup- 
porting documentation. Initiated early in the 
conceptual phase, these plans are the media 
that flow through management channels at 
various levels to provide the information on 
which materiel management actions and 
decisions can be made. These documents are 
not static records but continue to recycle 
through management channels, since they are 
updated as the materiel is validated, developed, 
operated, modified, and subsequently phased 
out(Ref2). 

2-2.3.1   Development Plan 

Virtually all of the plans of interest to 
maintenance engineering are contained in a de- 
velopment plan. The development plan, which 
is comprised of multiple plans, documents the 
program decisions, user requirements, and 
analyses of technical options and life cycle- 
plans for development, production, and support 
of materiel. The development plan is a docu- 
ment of record maintained to reflect all phases 
of planning and program execution consistent 
with direction and policies of the Army. It is 
the controlling document for the materiel de- 
velopment effort and is appropriately refined 
and updated throughout the materiel life cycle. 
The specific content, scope, and level of detail 
are tailored to the needs of the particular pro- 
gram and its stage of development. 

The development plan documents both the 
technical and administrative plans, and iden- 
tifies responsibilities, tasks, and time phasing 
related to the major actions, principal objec- 
tives, and major decisions. The plan is com- 
prised of the sections and subsections depicted 
by the blocks in Figs. 2-3 and 2-4. 

2-2.3.2  Plan for Logistic Support 

The plan for logistic support (Fig. 2-4) is 
the primary planning and management tool de- 
signed to identify, schedule, and control the ac- 
tion elements required for timely and econom- 
ical support of materiel. The action elements 
pertain to plans, events, and resources neces- 
sary for the analysis and evaluation of proto- 
type materiel and for the development, acquisi- 
tion, and use of support resources. The plan 
identifies reliability and maintainability char- 
acteristics and the qualitative and quantitative 
requirements  for  the   support  elements   of 
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Figure 2-3.  Development Plan 

materiel, and contains scheduling data and nar- 
rative information concerning the planned use 
and support of the item. The total range and 
depth of documentation do not spring into being 
at one time. A basic maintenance concept for 
a logistic approach to new materiel is conceived 
during conceptual studies. Such studies provide 
source data for an. equally basic maintenance 
plan and support element plans. A brief de- 
scription of the contents of a plan for logistic 
support follows for the purpose of 
demonstrating the types, not the depth, of plan- 
ning that may emerge from the conceptual ef- 
fort (Ref. 2). 

2-2.3.2.1   Schedule and Basis for Logistic Support 
Planning 

The schedule of logistic support planning 
(Fig. 2-4) establishes a schedule for support 
planning events, such as a schedule for devel- 
oping and refining remaining parts of the total 
support  plan.  The  basis  for logistic  support 

planning briefly states the intended function or 
application of the materiel, describes its major 
and secondary end items, and provides data on 
performance and physical characteristics. Also 
listed are support data for the materiel, such 
as nomenclature, stock number, proposed type 
classification and the agency responsible for 
logistic support, and operational readiness float 
information. Included are procurement status, 
the planned procurement for the immediate 
future, and the type of funding for test items 
and quantity procurement. 

2-2.3.2.2 Elements of Logistic Support 

Elements of logistic support comprise the 
major portion of the logistic support plan. These 
elements consist of a maintenance plan, support 
element plans, and plans for funding and man- 
aging the support program. 

a. Maintenance Plan. The maintenance 
plan  addresses operational requirements, the 
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Figure 2-4.  Plan for logistic Support 

plan for maintenance, and user and support or- 
ganizations. Operational requirements or pa- 
rameters-initially established by a required op- 
erational capability, expanded by conceptual 
studies, and restated in a document covering 
system requirements and analyses (Fig. 
2-3)-are included as a background for support 
planning. The types of operational parameters 
discussed are identical to those listed in par. 
2-2.2.1.The other major portion of the plan in- 
cludes the reliability and maintainability pa- 
rameters (from the technical development plan, 
Fig. 2-3) that are considered with the oper- 
ational parameters in order to select a main- 
tenance plan,, and states decisions reached as 
follows: 

levels 
(1) Maintenance categories and repair 

(2) Packaging concept 
(3) Test and checkout concept 
(4) Designation of support depot 
(5) Maintenance float considerations 
(6) Peculiar logistic considerations in- 

volving activities such as calibration, storage, 
transportation, and handling. 

Otb,er areas of the maintenance plan iden- 
tify using and support organizations, mainte- 
nance test requirements, support plans for the 
coordinated test program, and a plan for ac- 
complishing physical teardown of the materiel. 
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Source data for test planning are contained in 
the coordinated test program plan (Fig. 2-3). 

b. Support and Test Equipment Plan. The 
support and test equipment plan outlines all 
requirements for organizational through depot 
levels for support equipment, including special- 
purpose vehicles, test equipment, special tools, 
calibration equipment, and handling equipment. 
It identifies the level of maintenance to which 
equipment is allocated, the agency responsible 
for logistic support, the type classification stat- 
us, the procurement status, operational read- 
iness float requirements, and the forecast equip- 
ment delivery by date and quantity. Operating 
and support equipment that requires calibration 
and measurement is specified, and a plan for 
accomplishing the calibration and measurement 
is presented. The availability of required sup- 
port and test equipment is established, or plans 
for its acquisition are presented. 

c. Supply Support Plan. The supply sup- 
port plan states the programmed action dates 
for required provisioning schedules, and the 
date on which the National Inventory Control 
Point has placed requirements on other respon- 
sible agencies for repair parts to support the 
materiel under development or procurement. 
The estimated cost of repair parts support for 
the first year of operation, pertinent data for 
emergency requisitions, and the identity of any 
special supply procedures are included. Storage 
requirements, special requirements for care and 
preservation and for demilitarization of mate- 
rial (such as disposal of radioactive material), 
and long lead time repair parts are identified. 
The procurement status of the long lead time 
items is shown. The provisioning plan is part 
of the supply support element; It is the vehicle 
for scheduling and accomplishing all actions.re- 
quired to deliver repair parts, tools, test equip- 
ment, and support equipment to the user for 
the initial period of service. 

d. Transportation and Handling Plan. The 
transportation and handling plan identifies 
materiel transportability characteristics, trans- 
portation requirements, and a plan for obtain- 
ing transportation resources and satisfying the 
requirements. Both operating and support 
materiel are considered. Transportability data 
such as size, weight, safety, fragility, and 
security requirements are listed. Typical of the 

transportation data are required locations, 
times, and quantities. A plan is shown for the 
acquisition of the preservation, packaging, and 
transportation resources to satisfy the preced- 
ing requirements, with achievement dates com- 
patible with materiel development milestones. 

e. Technical Data Plan. The technical data 
plan provides for development and distribution 
of drawings, operating, maintenance, and mod- 
ification instructions, provisioning and facilities 
information, specifications, inspection, test, and 
calibration procedures, instruction cards and 
equipment placards, special-purpose computer 
programs, and other forms of audio or visual 
presentations required to guide personnel in 
performing operations and support tasks. Army 
equipment publications, planned or available, 
are listed. If other than official Army equip- 
ment publications are to be used for support 
of the materiel during tests, both the level of 
materiel, to be supported and the publication(s) 
to be used are identified specifically. A list of 
requirements for equipment operational, histor- 
ical, and maintenance forms is included. 

/ Facility Plan. The facility plan states 
the area required to accommodate shop supply, 
maintenance, and storage for all categories of 
maintenance. Desired area features are defined 
by descriptions of utility, prime power, humid- 
ity, temperature, and dust control requirements. 
Illustrations or sketches are used to depict spe- 
cial operational and maintenance layouts, and 
requirements for new or modified depot facil- 
ities are explained in general terms. Source data 
for this plan are contained in the facility and 
resource plan (Fig. 2-3). 

g. Personnel and Training Plan. The per- 
sonnel and training plan contains qualitative 
and quantitative personnel requirements and 
training information. The plan lists military oc- 
cupational specialty requirements by number 
and title for operator, organizational, direct 
support, general support, and depot mainte- 
nance personnel. New-equipment training re- 
quirements, which include instruction for in: 
structor personnel and special training aids or 
devices, are identified. All requirements for 
new-equipment introductory letters, in- 
troductory teams, and training teams are iden- 
tified, and the locations of initial training 
courses for operator and maintenance personnel 
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in all categories of maintenance and training 
required for test personnel are specified. The 
plan also identifies requirements for supply and 
maintenance technical assistance, and presents 
a plan for satisfying the requirements. Source 
data for the plan are contained in the plan for 
personnel and training requirements (Fig. 2-3). 

h. Logistic Support Resource Funds Plan. 
The logistic support resource funds plan iden- 
tifies support funding requirements for each 
logistic element, each program phase, new re- 
quirements, and the allocation and maintenance 
of existing capabilities. The element also con- 
tains a financial plan for support that shows 
how development and accomplishment of 
planned logistic support will be funded. Basic 
data for the support resource funds element are 
contained in the financial plan (Fig. 2-3). 

i. Logistic Support Management Informa- 
tion Plan. The logistic support management in- 
formation plan (Fig. 2-4) defines requirements 
and responsibilities for the acquisition and use 
of management data. The plan identifies the 
planned use of management techniques and 
documents such as test and demonstration re- 
ports and the Army maintenance management 
system, and assigns responsibilities for acquir- 
ing the necessary data at specified times. At- 
tained operational and maintenance parameters 
are identified as data to be periodically recorded 
and evaluated to determine progress. The 
breadth and depth of the maintenance docu- 
mentation and analysis techniques to be used 
are defined in detail. Responsibilities for data 
generation, acquisition, analysis, and dis- 
semination of reports are assigned. 

2-3 VALIDATION PHASE 

Higher authority approval of conceptual 
phase documentation results in initiation of the 
validation phase. This phase can be conducted 
solely by the Army, or with contractor assist- 
ance. The same fundamental effort must be ac- 
complished in either event. A phase objective 
is to insure that full-scale development is not 
started until costs, schedules, and performance 
and support objectives have been carefully pre- 
pared and evaluated against one another, and 
a high probability of successfully accomplishing 
the development of the materiel can be antic- 
ipated. The ultimate goal is achievable perform- 

ance and support specifications that are respon- 
sive to the operational requirements; and are 
backed by a firm fixed price or full structured 
incentive-type contract, when full-scale devel- 
opment is to be performed by a contractor. 

Contractor assistance normally is used 
during a major materiel acquisition program. 
When this approach is selected, the validation 
phase effort is divided into three distinct inter- 
vals. During the first interval, a request for 
proposal is prepared and contractors are 
selected. Contractor work is performed during 
the second interval. During the final interval, 
contractor reports are evaluated; materiel pro- 
gram plans, including support plans, are up- 
dated; the materiel configuration is refined; and 
a contractor to accomplish full-scale devel- 
opment is selected. 

2-3.1   REQUEST FOR PROPOSAL INPUTS 

Adequate and effective materiel support 
planning must be accomplished during valida- 
tion to insure inclusion of support requirements 
in the full-scale development contract. For this 
to happen, maintenance engineering must clear- 
ly state logistic support goals, objectives, and 
requirements in the request for proposal. These 
inputs exert considerable influence on selection 
of the system approach, and should be prepared 
in a manner that provides the potential valida- 
tion contractors with a firm basis for proposing 
a plan for logistic support which addresses all 
of the support elements. The scope must be 
sufficiently comprehensive to insure that a giv- 
en contractor's response, within the context of 
his proposed support plan, will describe all an- 
ticipated demands in such depth that unique 
or complex features are readily identifiable, and 
will include associated life cycle cost pre- 
dictions. 

In general, maintenance engineering 
should insure that those portions of the request 
for proposal dealing with support fully reflect 
the plans and conclusions that have resulted 
from the conceptual phase, and request their 
refinement or improvement by the contractor. 
Some typical specifics follow: 

a. Maintenance Plan: 

(1) Provide the maintenance  concept, 
and request its expansion and refinement. 
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(2) Specify the minimum trade-offs to 
be conducted among operational, maintenance, 
and support parameters. 

(3) Encourage contractor analysis to 
identify additional trade-off requirements. 

(4) Request comprehensive justifica- 
tion for proposed maintenance parameters. 

b. Support and Test Equipment: 

(1) Identify support and test equip- 
ment items or philosophy resulting from con- 
ceptual studies. 

(2) Define functional requirements for 
new equipment to a depth that will permit plan- 
ning for its development. 

(3) Request a plan that identifies and 
justifies each equipment item, and states how 
and when it will be acquired. 

c. Supply Support: 

(1) Request supply management and 
provisioning plans. 

(2) Request identification of long lead 
time items. 

(3) Request repair part cost estimates. 

d. Transportation and Handling: 

(1) Request identification of packag- 
ing, preservation, transportation, and handling 
requirements for initial delivery of materiel and 
for subsequent movement. 

(2) Request a plan for satisfying all re- 
quirements, showing schedules, proposed pack- 
aging, and transportation modes. 

(3) Request identification of any trans- 
portation and handling requirements that can- 
not be satisfied by standard Army or com- 
mercial vehicles, and identification of reusable 
container requirements. 

e. Technical Data: 

(1)Designate the specifications that 
will govern technical data preparation. 

(2) Request a list of technical data re- 
quired for materiel operation and support. 

(3) Request a plan for- development, 
production, and distribution of the data. 

(4) Request a description of contractor 
experience and the personnel and facilities the 
contractor will use to prepare and produce tech- 
nical data. 

/ Facilities: 

(1) ^ / vide conceptual phase data. 
(2) Request verification or modi- 

fication of conceptual data. 
(3) Request plans for establishment of 

facility design criteria and for interfacing with 
the Army Corps of Engineers and other Army 
agencies. 

(4) Request a complete plan for facility 
acquisition. 

g. Personnel and Training Requirements: 

(1) Provide conceptual phase findings. 
(2) Request identification of materiel 

items that generate requirements for new or 
additional training. 

(3) Request estimates for qualitative 
and quantitative personnel requirements and 
identification of new skills. 

(4) Request identification of training 
equipment requirements. 

(5) Request human engineering stud- 
ies. 

(6) Request a plan for satisfying the 
requirements. 

h. Logistic Support Resource Funds: 

(1) Provide costing ground rules. 
(2) Request desired cost estimates. 

i. Logistic Support Management Informa- 
tion: 

(1) Designate specifications that define 
the range and depth of the desired data system. 

(2) Request a plan for acquiring the 
data system by direct application of a system 
in being, modification of an existing system, 
or new development. 

(3) Request a description of how the 
data system will be used in the contractor or- 
ganization for support management that assigns 
responsibilities to organizational elements for 
data development, storage, retrieval, and appli- 
cation. 

Contractors respond to the request for pro- 
posal with proposals that explain how they will 
accomplish the work, and describe their qual- 
ifications. The first interval concludes with 
selection of the successful con- 
tractors-normally, two or three. 
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2-3.2  CONTRACTOR EFFORT 

During the second interval, contractors 
perform the effort specified by the request for 
proposal, and additional innovative work they 
believe will add to the cost-effectiveness of the 
materiel. The products of their efforts are 
proposed plans for conducting a full-scale de- 
velopment program and supporting rationale, 
including analyses and trade-offs. Also included 
is a broad plan for contractor effort during the 
production phase. 

Insofar as support is concerned, the trade- 
offs and analyses center on operational, main- 
tenance, and support parameters, the mainte- 
nance concept, and cost. Such analysis will in- 
clude any requirements for depot and factory 
maintenance, and need for extensive mainte- 
nance technical data. The depth of the work 
is limited by available information so th'at plans 
will include provisions for trade-off and analysis 
refinements during development, as well as for 
conducting additional analytical work. Quanti- 
tative operational, maintenance, and support 
parameters will be stated, and materiel life cy- 
cle costs will be estimated. All analytical effort 
is oriented toward demonstrating that the best 
possible balance-has been achieved among total 
cost, design, support, schedules, and operational 
effectiveness. 

A contractor version of a logistic support 
plan that addresses each support element is pre- 
pared by establishing element requirements and 
describing how they will be satisfied. Costs as- 
sociated with contractor implementation of the 
plan are broken out as prescribed by the scope 
of work. 

A plan for management of the support ef- 
fort is included. The plan is comprised of or- 
ganizational charts and narrative text. The 
charts show the relationship of the support de- 
veloper to other contractor organizational ele- 
ments. The narrative text describes the respon- 
sibility and authority .of the support developer 
and other personnel in conducting the materiel 
program. Communication channels between the 
Government and the support developer, as well 
as between the latter and subcontractors and 
vendors, are delineated. Equally important, the 
plan describes all support management control 
data to be used, their sources, and the way 
in which the data are controlled and applied 
to the management process. 

To provide essential background data for 
development planning, the contractor generates 
a broad plan for production and uses request 
for proposal data and assumptions to develop 
a deployment scenario. These also are included 
in the proposal. 

2-3.3 EVALUATION OF CONTRACTOR REPORTS 

Maintenance engineering evaluates the 
support aspects of contractor reports. The eval- 
uation is conducted with the assistance of pre- 
viously prepared evaluation criteria, but these 
must be augmented with historical data and 
experience. The general questions facing the 
evaluator concern cost-effectiveness, manage- 
ment capability, and program risk. To answer 
the general questions, the evaluator must ex- 
amine the reports in minute detail and consider 
not only the merits of the plans for a particular 
support element, but also the impact of the 
plans on the remainder of the materiel program 
in both the design and support areas. Infor- 
mation obtained from such evaluations permits 
determination of both the validity of proposed 
efforts and the degree to which the planning 
should be reflected in an updated logistic sup- 
port plan. 

To insure that the proposed design and 
support and the support elements are in har- 
mony and satisfy operational requirements, the 
following typical maintenance engineering con- 
siderations are required: 

a. Maintenance Plan: 

(1) Determine that the proposed plan 
is in consonance with the conceptual phase 
maintenance concept. 

(2) Evaluate trade-offs, analyses, and 
parameters on which the plan is based. 

(3) Assess the design, support, and 
cost impact of proposed diagnostic methods, 
packaging, and repair levels. 

(4) Analyze preventive maintenance 
plans for adequacy and realism. 

b. Support and Test Equipment: 

(1) Review operational and mainte- 
nance parameter trade-offs, and confirm the 
justification for each item of equipment, par- 
ticularly special equipment. 

(2) Determine the realism of plans for 
developing and acquiring special support and 
test equipment. 
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(3) Determine the adequacy of plans 
for providing maintenance and calibration serv- 
ices to deployed equipment. 

c. Supply Support: 

(1) Evaluate the overall supply man- 
agement plan, including the provisioning plan. 

(2) Consider the realism of cost 
estimates. 

d. Transportation and Handling: 

(1) Insure that preservation, packag- 
ing, transportation, and handling requirements 
are correctly identified. 

(2) Evaluate contractor plans for ini- 
tial delivery of materiel and repair parts. 

(3) Carefully review any justifications 
offered for requirements to use special pres- 
ervation and packaging techniques, special 
transportation and handling equipment, and 
reusable containers. 

e. Technical Data: 

(1) Assess the accuracy of the range 
and depth of technical data proposed for the 
materiel. 

(2) Evaluate the worth of the overall 
technical data plan. 

(3) Consider contractor experience and 
the adequacy of the resources he proposes to 
use. 

/ Facilities: 

(1) Analyze the contractor approach to 
developing facility requirements, and the ac- 
curacy of the results. 

(2) Determine the adequacy of con- 
tractor plans for working with Government 
agencies in establishing design criteria and for 
supporting facility surveys and subsequent ac- 
tivities. 

g. Personnel and Training: 

(1)Evaluate initial proposed quali- 
tative and quantitative personnel requirements 
for realism and completeness. 

(2) Evaluate the authenticity of main- 
tenance parameters used to project the support 
workload. 

(3) Insure that proposed skill levels are 
compatible with the work to be accomplished. 

(4) Consider the adequacy of the range 
and depth of proposed training courses and the 
types of training devices. 

(5) Remember that personnel comprise 
the most scarce and expensive support resource. 

h. Logistic Support Resource Funds: 

(1) Evaluate for realism and respon- 
siveness to the statement of work. 

(2) Pay particular attention to the 
facts, assumptions, and techniques used in 
estimating life cycle costs. 

i. Logistic Support Management Informa- 
tion: 

(l)Evaluate the adequacy of the 
proposed range and depth of management in- 
formation. 

(2) Assess the plans for data gener- 
ation, storage, retrieval, and application. 

(3) Determine whether or not the con- 
tractor has delegated sufficient authority to 
support management to permit effective utili- 
zation of the data system. 

(4) Consider the realism of proposed 
costs and schedules for the development of a 
new data system, or modification of an existing 
system. 

After the proposals are evaluated, a con- 
tractor is selected, and each plan within the 
development plan is updated. The result is a 
complete documentation package that defines 
the materiel and desired support to a depth that 
permits negotiation of a definitive contract for 
their development. After this package is ap- 
proved by higher authority, a development con- 
tract is negotiated with the previously selected 
contractor. 

2-3.4  SUPPORT PLANS 

The updating of the development plan is 
accomplished after a contract award has been 
made based on the proposals as originally 
submitted. In those cases where the Army has 
procured full rights to data in the proposals, 
which is normal, the best, of these data are 
then synthesized, additional analyses and trade- 
offs are conducted as required, and the results 
are integrated into the plans that were prepared 
during the conceptual phase. Every plan in the 

2-14 



AMCP 706-132 

development plan is affected. The discussion 
that follows is limited to significant changes 
in the plan for logistic support (Fig. 2-4), since 
this is the planning vehicle for maintenance en- 
gineering. The changes involve modifications of 
previous information, as well as the addition 
of considerable new information, as follows: 

a. The schedule for logistic support plan- 
ning is updated to reflect contractor schedules 
for accomplishing specific support events dur- 
ing full-scale development. 

b. The basis for logistic support planning 
is modified to show an updated list of materiel, 
performance, and physical characteristics, and 
procurement status information. 

c. The maintenance plan is extensively ex- 
panded. Maintenance parameter data are aug- 
mented, and definitive data pertaining to main- 
tenance echelons and repair levels, packaging, 
diagnostics, depot support, maintenance floats, 
and maintenance test requirements are added. 

d. The support and test equipment plan is 
updated to show a more complete list of equip- 
ment, the levels of maintenance to which it is 
allocated, and the plans for its acquisition. 

e. The supply support plan is modified to 
show integrated Army and contractor plans for 
supply management and provisioning. Also, a 
preliminary list of long lead time repair parts 
is included. 

/ The transportation and handling plan is 
updated by adding materiel transportability 
characteristics, special equipment requirements, 
preliminary total transportation requirements, 
and inkegrated Army and contractor respon- 
sibilities for satisfying the requirements. 

g. The technical data plan is refined. Re- 
quired technical data are specified in greater 
detail, and schedules for the development of 
technical data are included. 

h. The facility plan is modified to include 
more information on technical criteria and a 
plan and schedule for the joint Army-contractor 
development of final technical criteria and 
subsequent facility acquisition. 

i. The personnel and training plan is ex- 
tensively modified. Qualitative and quantitative 
personnel   requirements,   planned  training 

courses; training equipment requirements, and 
schedules are all modified and expanded. 

j. The logistic support resource funds plan 
is modified to reflect contractor cost inputs. 

k. The logistic support management infor- 
mation plan is expanded to include a description 
.of the contractor data system to be used and 
an integrated plan for Army and contractor 
management of the development and acquisition 
of support. 

The updated logistic support planning in- 
formation provides the data required to modify 
several major plans within the development 
plan. Maintenance plan data are reflected in 
the system requirements and analysis and co- 
ordinated test program plans. The facilities plan 
contributes data to the facilities and resources 
plan. The personnel and training plan impacts 
the .plan for personnel and training require- 
ments. Finally, the logistic support resource 
funds plan provides additional information for 
the financial plan. . 

2-3.5   CONTRACTOR RECOMMENDED PLANS 

The contractors selected to perform valida- 
tion phase work on a major materiel program 
are required to prepare a contractor recom- 
mended support plan. This plan is similar to 
the logistic support plan (Fig. 2-4) in both com- 
position and content. The major differences are 
that the contractor plan is more definitive and 
some of its component plan designations differ 
from logistic support plan designations. In spite 
of these differences, the subject matter covered 
by the two plans is virtually identical, as may 
be inferred from the designations of the fol- 
lowing component plans, which comprise the 
contractor recommended support plan. 

a Management support plan 

b. Support equipment plan 

c. Repair parts and support plan 
d. Personnel and training plan 

e. Equipment publications plan 
/ Facility plan 

g.  Contract maintenance plan 

h.  Technical assistance plan 
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i Maintenance documentation and 
analysis plan 

j.  Maintenance evaluation plan 

k. Transportation, packaging, and storage 
plan. 

These plans, which are prepared during the 
validation phase, are really definitive work 
statements for contractor effort to be performed 
during full-scale development and general work 
statements for later phases. In each plan, the 
contractor defines requirements and states how 
he will further refine and satisfy them. In the 
management support plan, the contractor 
quotes a cost for the proposed services. 

2-3.5.1   ManagementSupport Plan 

The management support plan describes 
the contractor's management structure and 
proposed management techniques for developing 
and acquiring support resources. The plan: 

a. Describes the support management or- 
ganization. 

b. Provides for continual liaison with the 
Government to identify and solve problems af- 
fecting total support of the materiel under de- 
velopment. 

c. Provides for subcontractor and vendor 
participation in the support program. 

d. Provides for coordination of the support 
planning effort with associate contractors. 

e. Provides for, on a selected basis, coor- 
dination with suppliers of Government- 
furnished equipment for optimum scheduling. 

/ Provides a phased schedule of program 
milestones showing the time phasing of all 
significant tasks for support development. 

g. Provides a reporting system for mon- 
itoring progress against all elements of the con- 
tractor recommended support plan. 

h. Provides procedures for revising and up- 
dating the elements of the contractor recom- 
mended support plan throughout the devel- 
opment and production effort. 

i Provides a maintenance engineering 
analysis data system for tracing the impact of 
engineering changes on support elements. 

j. Provides for application of modeling 
techniques to develop estimates of availability, 

maintenance frequency, maintenance burden, 
operational readiness float, repair cycle float, 
etc. 

k. Lists the logistic data and information 
inputs required from the Government for items 
and equipment not under the control of the con- 
tractor. 

I. Provides for effective execution and con- 
trol of the trade-off process between design and 
logistic support aspects of the design. 

m. Presents cost estimates to include: 

(1) Cost of all support planning broken 
down by each component plan 

(2) Cost of contractor implementation 
of the contractor recommended support plan 

(3) Cost of operator and support per- 
sonnel from initial issue to phaseout based upon 
criteria furnished by the Army 

(4) Cost of repair parts and support 
from initial issue of materiel until phaseout 

(5) Cost of all support equipment from 
initial issue of the materiel until phaseout 

(6) Contractor funding requirements 
for support from development contract award 
until contract closeout 

(7) All assumptions, criteria, and tech- 
niques used as a basis for estimates 

(8) Total life cycle support cost broken 
down by fiscal year. 

n. Presents recommendations for addition- 
al documentation, planning, or implementing 
'actions deemed necessary for development and 
production not otherwise specified by the Army. 

2-3.5.2  Support Equipment Plan 

The support equipment plan describes the 
total program to develop and satisfy total sup- 
port equipment requirements. The plan: 

a. Describes how maintenance engineering 
analysis data will be used to develop support 
equipment requirements. 

b. Identifies and describes overall require- 
ments for support equipment covering the fol- 
lowing categories: 

(1) Equipment defined by Government 
specifications 

(2) Commercial  support  equipment 
currently in the Federal Supply System 
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(3) Other commercially available or 
modified commercial support equipment. 

(4) Specialized support equipment 
(modified or new) that is recommended for de- 
velopment. 

c. Recommends provisioning procedures 
for support equipment. 

d. Identifies requirements for long lead 
time items, and in the time-phased schedule, 
designates those tasks required for timely de- 
velopment and/or delivery of those items. 

e. Identifies any items of Government- 
furnished materiel that are to be incorporated 
into the proposed support equipment. 

/ Furnishes allocated configuration iden- 
tifications for support equipment. 

g. Substantiates and documents the results 
of cost-effectiveness studies and trade-off 
analyses conducted relative to support equip- 
ment. 

2-3.5.3   Repair Parts and Support Plan 

The repair parts and support plan provides 
procedures and schedules for identifying, pro- 
visioning, and delivering repair parts and main- 
tenance floats. The plan: 

a. Recommends provisioning procedures to 
cover repair part requirements for operating 
and support materiel for all categories of main- 
tenance during subsequent life cycle phases. 

b. Identifies the need for provisioning spe- 
cial supplies for support of the materiel under 
development. 

c. Describes an approach for utilizing a 
data system to document repair parts and sup- 
port requirements. 

d. Substantiates and documents the results 
of cost-effectiveness studies and trade-off 
analyses conducted relative to repair parts and 
support requirements. 

2-3.5.4  Personnel and Training Plan 

The personnel and training plan identifies 
operator and support personnel requirements 
and training requirements, and presents a plan 
and schedule for satisfying the requirements. 
The plan: 

a. Identifies all items of equipment that 
will require new or additional training of Army 
operator or support personnel. 

b. Provides for human engineering studies 
to develop requirement and constraint input 
data for design engineering. 

c. Provides for definition and resolution of 
interface problems between hardware and per- 
sonnel. 

d. Provides for development of quantitative 
operator and support personnel requirements. 

e. Provides for development of operator 
and support personnel skill (qualitative) require- 
ments. 

/ Provides for identification of quanti- 
tative and qualitative personnel deficiencies 
based upon known or planned force structure 
and manning data and information. 

g. Provides for determination of new-and 
additional training requirements and identifies 
the sources of training (established Government 
courses, contractor training programs, etc.). 

h. Provides for development of contractor 
conducted training courses. 

i. Provides for development of training 
equipment requirements. 

j. Provides for preparation of training 
equipment specifications for Government ap- 
proval. 

k. Develops input data for the technical as- 
sistance plan. 

I. Substantiates and documents the results 
of cost-effectiveness studies and trade-off 
analyses conducted relative to personnel and 
training requirements. 

2-3.5.5   Equipment Publication Plan 

The equipment publication plan provides 
procedures and schedules for identification, 
preparation, and delivery of all publications re- 
quired for materiel operation and support. The 
plan: 

a. Describes and lists all Department of 
the Army equipment publications (including 
maintenance allocation charts) needed to sup- 
port the materiel for all categories of main- 
tenance during development, production, and. 
operational use. 
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b. Describes and lists all commercial lit- 
erature in lieu of Department of the Army 
publications needed to support the materiel for 
all categories of maintenance during devel- 
opment, production, and operational use. 

c. Describes and lists all instruction books 
needed to support the materiel for all categories 
of maintenance during development, production, 
and operational use. 

d. Describes the verification program to be 
used for certifying the achievement of overall 
equipment publication program requirements. 

e. Describes the means and methods of 
utilizing a data system in the development of 
the equipment publication requirements. 

/ Substantiates and documents the results 
of cost-effectiveness studies and tradeoff 
analyses conducted relative to equipment 
publication requirements. 

g. Provides for the preparation and use of 
printouts of change order reports to insure that 
appropriate changes are made in specific 
publications. 

h. Provides for analysis to determine an- 
ticipated publication problems and any fore- 
seeable departures from established publication 
practices. 

i. Provides 'for Government quality control 
reviews to insure that the technical content, 
format, and composition of equipment publica- 
tions meet an acceptable level of quality based 
upon established standards. 

2-3.5.6   Facility Plan 

The facility plan presents requirements 
and schedules pertaining to materiel operational 
and support facilities. The plan: 

a. Provides for the determination of Gov- 
ernment facility requirements for operation, 
maintenance, supply, and training. 

b. Establishes facility design criteria. Ac- 
tual facility surveys will be sponsored by the 
Army unless otherwise specified. 

c. Describes the application of a data sys- 
tem for determining facility requirements. 

d. Presents lead time requirements and 
schedules for the activation of facilities. 

e. Substantiates and documents the results 
of cost-effectiveness studies and trade-off 
analyses conducted relative to facility require- 
ments. 

2-3.5.7  Contract Maintenance Plan 

The contract maintenance plan defines the 
requirement for and schedules the accom- 
plishment of contract maintenance. The plan: 

a. Defines the requirements for contract 
maintenance support of materiel being devel- 
oped. 

b. Develops procedures for initiation and 
termination of contract maintenance. 

c. Provides for determination of resources 
(facilities, tooling, support equipment, repair 
parts, Government-furnished equipment, per- 
sonnel, etc.) required for contract maintenance. 

d. Provides for documentation of contract 
maintenance procedures, requirements, and 
data. 

e. Substantiates and documents the results 
of cost-effectiveness studies and trade-off 
analyses conducted relative to contract main- 
tenance requirements. 

2-3.5.8  Technical Assistance Plan 

The technical assistance plan defines the 
requirements for and schedules the accom- 
plishment of contract engineering and technical 
services. The plan: 

a. Makes recommendations and identifies 
materiel that will require field service repre- 
sentatives for support. 

b. Indicates the number of field service 
representative personnel, by skill, that will be 
needed for assignment on a unit or area basis. 

c. Provides a delineation of field service 
representative duties, including but not limited 
to on-the-job training and technical guidance 
to military and civilian personnel in assembly, 
installation, testing, adjusting, operation, and 
maintenance of materiel to be supported. 

d. Provides information on establishment 
of skill levels for field service representatives, 
including education levels, experience on the 
materiel to be supported, experience on similar 
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or related materiel, and any other qualifications 
required to perform efficiently the necessary 
field services. 

e. Provides a schedule of the training pro- 
gram for field service representative personnel. 

/ IF applicable, provides a schedule of field 
service representative assignments for Military 
Assistance Program contractor support services. 

g. Specifies the facilities, services, and 
materiel needed to implement properly the plan 
for technical assistance. 

h. Provides procedures for phaseout of 
field service representatives. 

i Substantiates and documents the results 
of cost-effectiveness studies and trade-off 
analyses conducted relative to technical assist- 
ance requirements. 

2-3.5.9 MaintenanceDocumentationand Analysis 
Plan 

The maintenance documentation and 
analysis plan describes a technical data man- 
agement and control system for the derivation 
and application of technical data, including 
maintenance engineering analysis data, to the 
development and acquisition of support 
resources. The contractor may propose appli- 
cation of an existing data system, modification 
of an existing data system, or development of 
a new system. In any event, the plan: 

a. Describes a data system capable of 
recording and transmitting source data to sat- 
isfy the following basic support planning re- 
quirements: 

(1) Annual and life cycle support costs 
(2) Maintenance support costs by cat- 

egories of maintenance 
(3) Comparison data (anticipated as 

historical information; e.g., The Army Mainte- 
nance Management System) 

(4) Alternative maintenance doctrine 
(5) Task, skill, and manpower analysis 

at operating levels and maintenance categories 
(6) Maintenance man-hour/task data 

(including maintenance calibration and calibra- 
tion requirements) 

(7) Analysis and evaluation data rele- 
vant to support concepts and requirements 

(8) Engineering drawings and specifi- 
cation data, generation breakdown of end items, 
parts lists, engineering data, and cross- 
reference lists 

(9) Weight, transportability, and pack- 
aging data 

(10) Recommended provisioning list and 
provisioning documentation as required by the 
statement of provisioning requirements 

(11) Recommended allocation of main- 
tenance tasks and operations 

(12) Equipment publications documen- 
tation (including technical procedures and 
standards, repair parts, tools, and test equip- 
ment identification, and allowance data) 

(13) Maintenance float requirements 
(14) Depot maintenance technical man- 

uals 
(15) Draft equipment publications 
(16) Initial prescribed load list 
(17) Initial authorized stockage (basic 

load) list. 
b. Establishes procedures for correlation 

and distribution of the data acquired in other 
support elements that are prerequisite to the 
development of any given support element. For 
example, the preparation of equipment publica- 
tions involves data pertaining to description, 
theory, operation, packaging and packing, 
transportation and handling, storage, mainte- 
nance tasks and requirements, maintenance 
allocation chart, tools and test equipment, re- 
pair parts, lubrication, maintenance calibration, 
and calibration. 

c. Presents a maintenance engineering 
analysis of data and design information from 
development and product assurance sources. 
The analysis identifies measurable support re- 
quirements, including reliability and main- 
tainability requirements. The analysis is docu- 
mented in the data system and becomes the 
basis upon which the various component sup- 
port element plans are formulated. 

d. Provides for accomplishment of cost- 
effectiveness studies and trade-off analyses 
,relative to each support element. 

e. Provides for the reporting of failure and 
trade-off data. 
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2-3.5.10  Maintenance Evaluation Plan 

The maintenance evaluation plan describes 
contractor support for maintenance evaluation 
by the Army of developed materiel. The plan: 

a. Provides recommendations for 
contractor-furnished support items and data re- 
quired by Government personnel to accomplish 
maintenance evaluation during reviews, phys- 
ical teardown, test, and demonstration. 

b. Includes schedules for informal and 
formal design reviews, to be held periodically, 
during which all maintenance features of the 
materiel are considered as an integral part of 
the contractor's engineering design review pro- 
cedures. 

c. Includes schedules and plans for a dem- 
onstration and test program. The tests are de- 
signed to provide estimates of maintainability 
achievement and to define problem areas for 
corrective action. 

cf. Describes the extent to which subcon- 
tractors or vendors will support demonstration 
and testing of materiel. 

e. Presents procedures for a formalized 
system for collecting, recording, and analyzing 
all failures, and performing trade-offs during 
contractor installation, checkout, testing, and 
evaluation, starting at the engineering test 
stage. 

2-3.5.11  Transportation, Packaging, and Storage 
Plan 

The transportation, packaging, and storage 
plan describes the contractor's proposed effort 
to develop procedures and requirements for pro- 
tection and transportation, of equipment to the 
point of initial delivery and during subsequent 
movement. The plan: 

a. Establishes requirements and proce- 
dures that will provide protection for all parts, 
components, subassemblies, and final assem- 
blies during transportation from suppliers, stor- 
age, transit, manufacturing processes, final 
shipment to the customer, and subsequently. 
When the requirements cannot be satisfied in 
the design of the items, packaging and packing 
methods shall be used to reduce transportation 
and handling hazards to a minimum. The 
primary objective will be to insure, at a min- 

imum cost, adequate protection against 
degradation in the reliability or functional capa- 
bility of Government materiel. 

b. Provides for transportation management 
that will develop transportation plans, coordi- 
nate and arrange the reliable, expeditious, and 
economical movement of materiel, and select 
methods and types of transportation consistent 
with geographical considerations, respon- 
sibilities, and environmental and schedule re- 
quirements. 

c. Determines the requirements for 
Government-furnished information, materiel, 
and equipment, and schedules the requirements 
during the development and production phases. 

d. Substantiates and documents the results 
of cost-effectiveness studies and trade-off 
analyses conducted relative to transportation, 
packaging, and storage requirements. 

2-4 FULL-SCALE DEVELOPMENT 

Two objectives of the full-scale devel- 
opment phase involve demonstration and docu- 
mentation. Analyses and tests are conducted to 
demonstrate that materiel and the planned sup- 
port subsystem will be cost-effective in the op- 
erational environment in which the materiel is 
to be deployed. Documentation is prepared for 
use in acquiring the total materiel system. For 
operating and support materiel, this documen- 
tation consists of specifications, drawings, and 
other production related material. For non- 
materiel support resources such as personnel, 
the documentation consists of detailed require- 
ments and final acquisition plans. 

During the full-scale development phase, 
maintenance engineering reaches its maximum 
activity in influencing design and defining sup- 
port. These functions are accomplished con- 
currently, and they are interdependent. The 
depth of design information available at the 
start of the development phase is not great, 
yet the phase ends with production-type hard- 
ware and its support subsystem. The need for 
expeditious and diligent application of all main- 
tenance engineering tools and techniques to- 
ward insuring an optimum design and support 
subsystem is apparent. 

Numerous design versus support trade-offs 
are conducted by maintenance engineering as 
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design evolves. Optimum benefits are realized 
when design deficiencies are identified and de- 
sign changes can be incorporated before devel- 
opment materiel is fabricated. In general, the 
trade-offs involve maintenance parameters 
versus support parameters; and maintenance 
parameters, coupled with support parameters, 
versus operational parameters. Design changes 
resulting from maintenance engineering re- 
quirements, or from other causes, are analyzed 
for support requirement impact; and these re- 
quirements are updated. Off-the-shelf ground 
support equipment is evaluated for 
maintainability and suitability in the early de- 
velopment stage. This will include an assess- 
ment of training requirements for Government- 
furnished equipment and contractor-furnished 
equipment. 

Drawings become available early in the de- 
velopment phase. At this point, a formal main- 
tenance engineering analysis documentation 
system is initiated. This is a powerful tool for 
use in identification and control of further de- 
sign and support changes. Each change triggers 
a new evaluation cycle to define impacts and 
trade-off choices between design and support. 
Results are fed back to the separate functional 
support elements for evaluation and impact. De- 
sign and support changes require updating of 
technical data on a continuing basis. Prelim- 
inary data should be prepared in a format that 
can be expanded later and formalized for use 
in the production and operational phases of the 
life cycle. 

A major source of design information and 
a means of impacting design are afforded by 
informal and formal design reviews. The infor- 
mal reviews are conducted on an opportunity 
basis, and involve inspection of mock-ups, 
breadboard models, etc. Such models are avail- 
able relatively early during development, and 
are particularly valuable because the three- 
dimensional presentations permit a more ac- 
curate evaluation of human factors, safety, and 
some maintenance parameters than are permit- 
ted by drawings. Such reviews, conducted in 
concert with design engineering, can result in 
desirable on-the-spot design'changes. 

Formal design reviews provide another ex- 
cellent opportunity for effecting design changes. 
The reviews are scheduled periodically for the 

purpose of reviewing the status and progress 
of the total development effort for both materiel 
and support. Attendees submit formal com- 
ments to program management. Maintenance 
engineering evaluates and comments on support 
related subjects such as: 

a. Conformance to specified maintainabili- 
ty criteria 

b. Adequacy of descriptions of mainte- 
nance procedures 

c. Conformance of maintenance procedures 
to human factor standards 

d. Conformance to safety standards 

e. Compatibility of the maintenance con- 
cept with planned support resources and the 
current design configuration 

/ Adequacy of the maintenance plan 

g. Acceptability of parts and material 
selection and application 

h. Realistic maintenance float and repair 
part provisioning requirements 

i. Adequacy of planned maintenance facil- 
ities 

j. Adequacy of maintainability veri- 
fication/demonstration/evaluation plan. 

A final means of evaluating the adequacy 
of materiel design versus planned support is 
offered by demonstrations and tests conducted 
during the development phase. A physical tear- 
down evaluation is conducted to verify materiel 
maintainability, adequacy of planned support 
resources, and assignment of maintenance tasks 
to appropriate maintenance levels. Also, full- 
scale development demonstrations and oper- 
ational tests are conducted in a simulated op- 
erational environment. The demonstrations and 
tests afford an ideal vehicle by which to assess 
the worth of the support subsystem, and an 
opportunity to take a last look at design before 
production is initiated. Although the in- 
corporation of design changes at this time is 
expensive, production changes cost even more 
and pose a greater management problem. 

During the latter part of the development 
phase-typically, at least 120 days prior to the 
initiation of the production contract-the Army 
convenes a provisioning conference. The range 
and quantity of support equipment and repair 
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parts to support the initial buy of prime equip- 
ment for a specified period of time are deter- 
mined, and the contractor is directed to take 
those actions necessary to produce and deliver 
the support items with the prime equipment. 
Alternatively, phased provisioning might be' 
used. This is a management refinement to the 
provisioning process whereby quantity procure- 
ment of selected items is phased by time inter- 
val into the later stages of production, thereby 
enhancing the ability of the provisioning ac- 
tivity to make more cost-effective decisions. 

2-4.1   SUPPORT PLANS-WORK STATEMENTS 

The support plans developed in the valida- 
tion phase are revised in accordance with work 
statements negotiated for the full-scale devel- 
opment contract. The Army and contractor 
implement and revise these plans throughout 
the development and subsequent phases. At this 
time, the plans are qualitatively complete, but 
most quantitative values and details relative to 
ways and means of accomplishment are subject 
to refinement as a result of development phase 
activities. 

2-4.1.1   Management Support Plan 

The Armyhontractor will implement the 
revised plan and: 

a. Designate a specific support manager 
and an alternate who will be responsible for 
all phases of the support program. 

b. Refine the schedule of the management 
support plan. 

c. Periodically update the support devel- 
opment cost analysis information in accordance 
with the contract schedule but not less often 
than semiannually. 

2-4.1.2   Support Equipment Plan 

The Army/contractor will implement the 
revised plan and: 

a. Identify, evaluate, and record all sup- 
port equipment required for receipt inspection, 
calibration, maintenance, storage, processing, 
and shipment of materiel for all categories of 
maintenance. 

b. Update and provide additional allocated 
configuration identifications. 

c. Accomplish changes to support equip- 
ment requirements data due to revision of 
materiel design. 

d. Use a data system to define and provide 
calibration support requirements. Develop cal- 
ibration requirements in the following three 
phases, to be performed in the order shown, 
and only after Government approval of the 
results of each phase: 

(1) Phase I. Engineering research to 
determine parameters, methods, frequency, and 
level (primary, reference, transfer, or mainte- 
nance calibration) of requirement as reflected 
in an engineering report. 

(2) Phase 11. Preparation of detailed 
procedural, inspection, maintenance, and test 
data required to support each calibration tech- 
nique. 

(3) Phase 111. Preparation of appro- 
priate procedural technical bulletin manuscripts 
in accordance with the equipment publication 
plan. 

e. Upon completion of Phase 11, conduct 
a dynamic evaluation of the validity of cali- 
bration procedures and standards. The results 
shall be verified and approved by the Govern- 
ment. 

/ Provide list(s) as specified by the Gov- 
ernment, showing the adapters, special equip- 
ment and devices, commercial equipment, meas- 
urement standards, gages, and accessories re- 
quired to accomplish calibration. 

g. Promote standardization of support 
equipment by researching published equipment 
data, or by providing to mission responsible 
managers the data required to research their 
records for the availability of a suitable item. 
The Government will provide the contractor 
with lists of inventory control points responsible 
for support equipment items (tools, test, meas- 
uring, and diagnostic), including support equip- 
ment that is type classified as standard. The 
contractor will consider the following order of 
priority in preparing recommendations and jus- 
tification: 

(1) Support equipment currently avail- 
able at the activity responsible for maintaining 
the equipment in question 
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(2) Support equipment that is type 
classified as standard by the U.S. Army, but 
is not currently authorized to the particular 
maintenance organizations concerned. Selection 
of these items shall be made from documents 
available from the U.S. Army. 

(3) Support equipment that is type 
classified as standard by the U.S. Air Force 
or the U.S. Navy 

(4) Off-the-shelf commercial support 
equipmen. 

(5) Support equipment that must be 
developed by the contractor or some other man- 
ufacturer. 

h Determine requirements for technical 
data for the development of specialized support 
equipment or procurement of commercial off- 
the-shelf items to permit their acquisition 
through competitive bidding when such equip- 
ment is not available as a result of activity 
otherwise accomplished in this plan. Upon ap- 
proval by the Government, the contractor shall 
develop such data on selected items. 

i. Identify and schedule development and 
delivery of the prototype support equipment to 
be supplied concurrently with materiel under 
development for maintenance evaluation during 
physical teardown, engineering test, service 
test, and initial production test. 

2-4.1.3   Repair Part and Support Plan 

The Army/contractor will implement the 
revised plan and: 

a. If the contract scope of work calls for 
the contractor to supply all repair parts for a 
specified period of time, provide a plan for tran- 
sition from contractor to Government support. 
Otherwise, consider all support available 
through the military supply system. 

b. Use maintenance engineering analysis 
data, and provide current lists of all repair 
parts by category of maintenance. 

c. Use maintenance engineering analysis 
data and provide current lists of special supplies 
(lubricants, cleaners, solvents, fuels, etc.) re- 
quired for support of materiel at each category 
of maintenance. 

d. Plan for repair part acquisition, avail- 
ability, and storage during test and evaluation. 

Minimum quantities of repair parts will be 
furnished. High cost parts will be selected only 
after consideration of downtime cost, repair 
cost, and program impact. Arrange with ven- 
dors and subcontractors for the supply of repair 
parts, and with the Government when 
Government-furnished equipment support is in- 
volved. 

e. Provide repair part usage data ac- 
cumulated during test and evaluation and other 
periods. 

/ Make, as a part of all purchase in- 
quiries, the requirement that each supplier dis- 
close in his bid any proprietary or limited rights 
involved. Promptly notify the Government upon 
receipt of the knowledge that a limited rights 
item will be used. 

2-4.1.4  Personnel and Training Plan 

The Armyhontractor will implement the 
revised plan and: 

a. Develop data necessary for the prepa- 
ration and submission of a task and skill 
analysis and a new-equipment training require- 
ment report, and prepare a complete report. 

b. Provide for preparation and submission 
of a new-equipment training plan that covers 
training requirements for all categories of 
maintenance. 

c. Provide for preparation, submission for 
approval, reproduction, and distribution of pro- 
grams of instructions for each course specified 
in the approved new-equipment training plan. 

d. Provide for preparation, submission for 
approval, reproduction, and distribution of les- 
son plans, practical exercise guides, lesson man- 
uscripts, and film guide sheets. 

e. Provide for training devices as specified 
in the approved training plan. Training devices 
will be designed, developed, and procured in ac- 
cordance with separate documentation. 

/ Provide for training aids (other than 
training devices) specified in'the approved 
training plan. 

g. Provide a list of hardware and a list 
of special equipment required for contractor 
conducted training. 
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h.  For new equipment training, provide: 

(1) Training personnel for planning, 
preparing, and presenting the required instruc- 
tion 

(2) Facilities and equipment for train- 
ing, administration, and maintenance support 

(3) Administrative services required in 
the maintenance of class records and related 
forms and records. 

i. Complete and submit certificate of serv- 
ice and accomplishment report. 

2-4.1.5  Equipment Publication Plan 

The Armyhontractor will implement the 
revised plan and: 

a. Provide for preparation of equipment 
publications in accordance with appropriate reg- 
ulations and equipment publication military 
specifications. 

b. Use all accumulated data and files per- 
tinent to the development of equipment publica- 
tions. 

c. Provide for preparation and availability 
of preliminary draft equipment publications for 
engineering design test and prototype system 
review. 

d. Provide for preparation and availability 
of draft equipment publications, or approved 
substitutes, for evaluation during engineering 
tests, service tests, and initial production tests. 
The draft equipment publications will include 
calibration procedures, as applicable, and a 
draft maintenance allocation chart. 

e. Provide for verification of draft equip- 
ment publications. Verification of data shall not 
duplicate that required for other support ele- 
ments. 

/ Provide for Government quality control 
reviews to insure that the technical content, 
format, and composition of draft publications 
meet an acceptable level of quality based upon 
established standards. 

g. Provide for preparation of change order 
reports (publications) to provide details per- 
taining to specific publications affected by en- 
gineering change orders and field reports. 

h. Provide for monthly preparation of a 
technical publication progress/cost report to re- 
flect the current status of the publication effort. 

i Provide for preparation and availability 
of a preliminary maintenance allocation chart 
prior to physical teardown and evaluation. 

2-4.1.6   Facility Plan 

The Army/contractor will implement the 
revised plan and: 

a. Monitor program changes and recom- 
mend changes in facility requirements at all 
support levels. 

b. Provide for evaluation of specific Gov- 
ernment facilities and submit recommendations 
for their use and/or modification when specif- 
ically requested by the Government. The con- 
tractor will not be responsible for conducting 
site surveys and examining existing 
Government-owned facilities. The Government 
will appraise existing Government facilities 
with respect to the contractor furnished design 
criteria in order to effect efficient use of such 
facilities. In the event that existing facilities 
are not adequate, the Government will take ac- 
tion to construct new facilities or to modify 
existing facilities. 

2-4.1.7 Contract Maintenance Plan 

The Army/contractor will implement the 
revised plan and: 

a. Schedule performance of the specified 
maintenance. 

b. Identify and list, the resources required 
for contract maintenance. 

2-4.1.8  Technical Assistance Plan 

The Armyhontractor will implement the 
revised plan and: 

a. Identify and list the materiel that will 
require field service representatives for support. 

b. Refine field service representative qual- 
itative and quantitative personnel requirements. 

2-4.1.9  Maintenance Documentation and Analysis 
Plan 

The Army/contractor will implement the 
revised plan and: 

a. Initially include in the data system the 
preliminary forecast information generated for 
formulating the validation phase plans and pro- 
posals. As the materiel develops, replace this 
information with more precise experience data 
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in order to provide a comprehensive basis for 
maintenance support planning decisions. Main- 
tain the data system in a current status in 
order to insure availability of reliable informa- 
tion in developing effective and economical sup- 
port procedures. 

b. Develop, in detail, the selected support 
alternatives derived from validation phase pro- 
posals. Quantitative values for maintainability, 
reliability, and support efficiency, as well as 
the maintenance parameters that follow, will 
be determined for each of the alternative 
methods of support. The parameters will in- 
clude but not be limited to the following: 

(1) Scheduled preventive maintenance 
downtime 

(2) Supply downtime 
(3)'Corrective maintenance downtime 
(4) Downtime for all other causes 
(5) Direct  maintenance  man-hour re- 

quirements 
(6) Cost of support equipment 
(7) Repair cost 
(8) MOS's and skill levels of mainte- 

nance personnel 
(9) Identification   of support  materiel 

required. 
c. Initiate cost-effectiveness studies, based 

on definitive cost data, for each of the support 
alternatives. The results of these studies will 
reflect weighted consideration of each of the 
support parameters. 

d. Submit results of the support 
alternatives and cost-effectiveness studies, to- 
gether with recommendations and justifications 
for final development of a specific support ap- 
proach. 

e. Upon approval of a specific support ap- 
proach, initiate any action that may be required 
to clearly define the qualitative and quanti- 
tative requirements associated with the ele- 
ments of support. 

/ In making maintenance engineering 
analyses, use the information made available 
through the data system to arrive at decisions 
affecting materiel design and materiel support. 
Perform reliability analysis, maintainability 
analysis, studies of logistic and design 
alternatives, and a thorough and complete 
analysis of the support element requirements. 

Maintenance characteristics of the equipment 
and components will be determined in terms 
of their contribution to the overall maintenance 
characteristics of the system operational re- 
quirements at each category of maintenance. 
The factors to be considered shall include but 
not be limited to mean time between failures, 
mean time to repair, mean time for scheduled 
maintenance, operational requirements, skills, 
special equipment, maintenance facilities, and 
mean downtime. Functional area analysis will 
be accomplished through the individual project 
offices; i.e., the offices responsible for materiel 
design, support planning for personnel and 
training, and equipment publications. 

g. Conduct an analysis of reliability and 
maintainability data and documentation. The 
analysis will be conducted as part of the main- 
tenance engineering analysis. This analysis will 
be conducted as part of the overall reliability 
and maintainability program planning in order 
to review and assess the application of those 
reliability and maintainability principles that 
affect support. The analysis shall contain a 
review and evaluation of design parameters, 
maintenance characteristics, equipment com- 
patibility factors, and design trade-offs to iden- 
tify changes to the support profile which affect 
the maintenance burden. As a result of the 
reliability and maintainability analysis, as well 
as actual experience data, maintenance allow- 
ance factors will be derived. These factors will 
be used to convert "pure time" estimates ap- 
pearing in maintenance engineering analysis 
data sheets to total maintenance time. 

2-4.1.10  Maintenance Evaluation Plan 

The Armyhontractor will implement the 
revised plan and: 

a. Provide maintenance documentation and 
data support for maintenance evaluation. 

b. Provide resources to support the main- 
tenance evaluation such as personnel, facilities, 
prototype models, support equipment, technical 
documentation, preliminary draft equipment 
publications, and repair parts. 

c. Provide a maintenance task and skill 
analysis and human and safety engineering 
data for evaluation and verification. 

d. Recommend appropriate contract 
changes if any changes to  materiel  resulting 
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from the maintenance evaluation are not cov- 
ered by the scope of the existing contract. 

e. Recommend disposition of test speci- 
mens and materiel associated with the main- 
tenance evaluation. 

2-4.1.11  Transportation, Packaging, and Storage 
Plan 

The Army/contractor will implement the 
revised plan and: 

a. Determine and furnish for coordination 
with the procuring activity the characteristics 
of each special design package item. Examples 
of characteristics to be listed are: 

(1) Size, weight, and shape 
(2) Material of construction and sur- 

face finishes 
(3) Susceptibility to damage, or dete- 

rioration from shock, vibration, corrosion, or 
contamination 

(4) Practicable disassembly 
(5) Value of equipment in terms of itä 

costs and importance to the program 
(6) First destination and anticipated 

subsequent movement or relocation 
(7) Transportation models and associ-. 

ated environments 
(8) Duration of storage and associated 

environments 
(9) Economics and practicality of reus- 

ing container 
(10) Provisions for storage and easy ac- 

cessibility of necessary forms and/or records. 
b. Provide for the preparation of detailed 

design drawings or specifications to be used as 
production procurement data for each special 
design container. 

2-4.2   TRADE-OFFS AFFECTING MAINTENANCE 

During development, maintenance engi- 
neering analysis data are used to maintain com- 
patibility between design and the total support 
package, as well as between the support ele- 
ments. The data also initiate trade-offs and 
serve as trade-off inputs. 

The data generated by the maintenance en- 
gineering analysis process define the mainte- 
nance actions that must be performed and the 
support resources required to support the ac- 

tions. To insure that these data are not merely 
accumulated and then ignored, a standardized 
data system for recording, processing, storing, 
and reporting analysis results is used. Proper 
utilization of this system insures that support 
requirements pertaining to resources such as 
support equipment, repair parts, and personnel 
are compatible with current materiel design and 
with planned activities such as provisioning and 
training. Compatibility is virtually assured, be- 
cause all information flows from a common in- 
tegrated data base. 

A second and equally important contribu- 
tion of the data system is that it sometimes 
identifies support trade-off requirements and 
always provides support trade-off inputs. The 
identification of trade-off requirements occurs 
when maintenance engineering analysis data 
highlight a potential problem such as a pro- 
hibitive requirement for some resource, or the 
fact that required maintenance activities at 
some level violate established maintenance pol- 
icies. With regard to trade-off inputs, it is not 
possible to conduct a support trade-off without 
identifying in some quantitative manner (usu- 
ally dollars) the support resources dictated by 
each alternative. 

Prior to and during the initial part of the 
development phase, trade-offs and resulting de- 
sign and support decisions are based first on 
conceptual and then on predicted data. As de- 
sign progresses and hardware is fabricated and 
tested, maintenance engineering analysis data 
make ' a transition from a predicted to an ob- 
served status. This is a critical period for main- 
tenance engineering. If any of the predicted 
data are significantly wrong, the requirements 
and plans for some or all of the support ele- 
ments will be in error. Immediate trade-offs are 
required to determine whether it is more cost- 
effective to stay with the design and modify 
the support plans, modify the design to satisfy 
the previously predicted data, or to modify both 
the design and the support plans. The data that 
have been systematically compiled to this point 
are of great assistance in identifying trade-off 
alternatives, and provide many of the required 
trade-off inputs. 

Thus a primary purpose of the trade-off 
technique is identifying, reducing, and con- 
trolling the need for extensive logistic support 
resources. 
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2-5  PRODUCTION 

The production phase overlaps both the 
full-scale development and the deployment 
phases (Fig. 2-1). It is initiated with an up- 
dating of all support plans, and ends when all 
materiel and support resources are deployed. 
Actually, a limited production capability to 
modify materiel normally is maintained 
throughout the life cycle, but this capability 
is not a production function in the sense of 
this discussion. 

At the start of the production phase, sup- 
port plans are updated to reflect any changes 
brought about by development phase activities. 
Subsequently, the plans are implemented and 
revised as necessary. One of the first activities 
required by the updated plans is the conduct 
of development and production tests with early 
production materiel. The objectives of the de- 
velopment tests are to verify that the materiel 
meets specifications and that previously dis- 
covered deficiencies have been corrected. The 
objectives of the operational tests are to refine 
or validate earlier estimates of operational ef- 
fectiveness, determine the operational suit- 
ability of production materiel, optimize orga- 
nization and doctrine, validate training and sup- 
port requirements, and identify any additional 
actions to be taken before materiel deployment. 
Test difficulties result in revised materiel and 
support plans and in delayed production. Other- 
wise, implementation of the previously updated 
plans continues. This essentially involves the 
delivery of hardware and software. 

The support equipment and repair parts 
provisioned during full-scale development (par. 
2-4) are produced and delivered. If phased pro- 
visioning was used, one or more provisioning 
conferences will be convened after usage ex- 
perience is available, and additional support 
items will be manufactured and delivered. 
Training equipment, aids, and devices are de- 
livered, and new-equipment training courses are 
conducted. Army training schools are activated, 
and materiel operator and maintenance courses 
are conducted. Organizational, field, depot, and 
supply equipment publications are prepared and 
printed. Operating and support materiel is de- 
livered, along with appropriate logs and records, 
and technical assistance is provided when spec- 
ified in the approved plans. 

The production phase is characterized by 
considerable maintenance documentation and 
analysis activity. Existing prediction data are 
updated and refined with actual usage data as 
they become available. Generally, the data pro- 
cedures do not change during this phase; how- 
ever, reporting requirements may be revised to 
provide new or additional feedback information 
pertaining to equipment corrective actions and 
operation and maintenance information. This 
information is routed through the established 
data documentation and analysis system. 
Proposed plans are prepared for the eventual 
transfer of the data bank to the Government 
for use in comparing anticipated results with 
actual results. During this phase, the contractor 
coordinates between the functional areas of 
materiel design, support planning, and manu- 
facturing through the documentation and 
analysis system. Maintenance engineering 
analysis data form the basis for final prepa- 
ration of the contractor recommended support 
plan. Planning efforts are directed by the con- 
tractor's support manager in order to plan and 
schedule an orderly transition of all functions 
of materiel support management from the con- 
tractor to the Government. The Government 
will achieve this capability through gradual in- 
tegration and implementation of the contractor 
recommended support plan. 

In addition to the foregoing, maintenance 
engineering performs its normal function of 
maintaining compatibility between design and 
support. Proposed design changes are evaluated 
for their support impact before approval. If ap- 
proved, support plans and support resources are 
appropriately modified, and modified resources 
are delivered concurrently with installation of 
the modification. 

2-6 DEPLOYMENT 

The deployment phase of the life cycle 
starts when the first military unit is equipped 
and ends when the materiel has been declared 
obsolete and is removed from the Army in- 
ventory. The deployment period is characterized 
by supply, training, maintenance, overhaul, and 
materiel readiness operations conducted by op- 
erational and support units and depots. This 
period is significant because it is here that the 
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quality and completeness of previously accom- 
plished maintenance engineering are demon- 
strated. Performance is measured in terms of 
both effectiveness and economy of operations 
and support. 

Maintenance engineering monitors the per- 
formance of the support subsystem during this 
period by acquiring and analyzing field data 
and equipment improvement recommendations. 
Modification requirements may result from 
these activities. The impact of design changes 
is reflected in revised support plans and support 
resource quantities. 

Changes in the basis of issue, new unit 
activations, or any submissions of demand data 
indicating reprovisioning or replenishment re- 
quirements necessitate supply support studies 
for revisions of requirements and subsequent 
procurement activities. Rebuild or modification 
programs that become active also necessitate 
supply support activities. 

Changes or revisions to equipment publica- 
tions are developed to reflect new or different 
component parts in materiel and to cover 
changes in the selection of repair parts or in 
the allocation of maintenance functions. Many 
of the changes and revisions are the result of 
materiel modifications. Such changes are re- 
quired concurrently with the publication of 
modification work orders. 

Based on the depot maintenance support 
plan, requirements are developed, programmed, 
and scheduled to mission depots, to contractors, 
or to both. Repair part support requirements 
for the program are refined, and balanced work- 
loads are established for depots. Production 
schedules and costs are reviewed, and deter- 
minations are made to insure that costs are 
reasonable, production is adequate, and sched- 
ules are attained. 

2-6.1   DATA ANALYSIS 

Maintenance engineering conducts system- 
atic data analyses throughout the deployment 
phase to evaluate support effectiveness. One 
analysis method is the use of a sample data 
collection program that is based on statistical 
sampling techniques. Sample data are obtained 
from specific units in designated geographical 
areas for a limited period of time. These data 

are representative of the total deployed force, 
and may be used in support effectiveness 
analyses and in forecasting future support re- 
quirements (Ref. 3). 

A typical use of data analysis is to refine 
forecast depot overhaul requirements. The time 
between overhauls for materiel is established 
initially by using development and operational 
test data. As usage data from operating units 
become available, failure trends are identified. 
These trends may result in a revision of 
reliability predictions, which in turn necessi- 
tates revisions to the time between overhauls 
and float item requirements. As the time be- 
tween overhauls is changed, depot maintenance 
support must be increased or decreased accord- 
ingly in order that sufficient end items and 
component assemblies can be maintained at the 
depot and in the supply pipelines. This action 
continues throughout the operational life of the 
equipment. 

Maintenance engineering obtains data for 
the sampling program, as well as for other 
purposes, from The Army Maintenance Man- 
agement System. This system establishes re- 
quirements for organizations to maintain the 
following records for the reasons indicated 
(Ref. 3). 

a. Operational Records. These records pro- 
vide the means of control of operators and 
equipment, operational planning, and optimum 
use of equipment. 

b. Maintenance Records. These records are 
established to control maintenance scheduling, 
inspection procedures, and repair workloads. 
They provide a uniform method for recording 
corrective action taken by responsible mainte- 
nance elements. These records are used in 
determining the current status of equipment 
readiness, reliability of equipment, utilization, 
and logistical requirements. Certain records are 
designed to permit analysis of causes of equip- 
ment failures and mortality rates of compo- 
nents. 

c. Equipment Historical Records. Equip- 
ment logs are the historical records for indi- 
vidual items of Army equipment. They are the 
permanent record of information pertaining to 
the receipt, operation, maintenance, modi- 
fication, transfer, and disposal of equipment. 
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d. Ammunition Records. Ammunition 
records and procedures are prescribed to im- 
prove control and status reporting of munitions. 

e. Calibration Records. Calibration records 
and procedures are prescribed for the control 
of this function for Army equipment. 

2-6.2  MATERIEL MODIFICATIONS 

The equipment improvement recommenda- 
tion is the document by which users of Army 
equipment report equipment faults in design 
and manufacture or propose improvements in 
materiel. It is used to initiate the action re- 
quired to correct equipment failures, deficien- 
cies, and shortcomings; to improve the perform- 
ance of equipment; and to insure that use- 
experience is incorporated into research, design, 
development, and production efforts relative to 
new equipment of a similar type. All recom- 
mendations are investigated and evaluated by 
maintenance engineering. Determinations are 
made regarding requirements for changes to 
produced materiel, materiel in the production 
process, and to future procurements, as well 
as to the adequacy of publications and training. 
The support impact of possible modifications is 
determined. Coordination with design elements 
is mandatory so that reliability and main- 
tainability parameters can be reevaluated 
(Ref. 4). 

Modification of equipment is authorized to 
assure the safety of personnel, prevent serious 
damage to equipment, increase to a significant 
degree the combat effectiveness of equipment, 
simplify or reduce required maintenance, make 
equipment in use compatible with new equip- 
ment, and eliminate compromises relative to 
communication security. Deciding whether or 
not equipment should be modified entails a con- 
sideration of the following conditions and func- 
tional aspects (Ref. 5): 

a. The age of the item 

b. The remaining life expectancy of the 
item, including a consideration of procurement 
lead time as it applies to the modification kit. 
The term "life expectancy" as used in this dis- 
cussion refers to the time remaining before an 
item is scheduled to be phased out of the sys- 
tem, is scheduled to be replaced by a new item, 
or is anticipated to become unserviceable be- 
cause of fair wear and tear. 

c. The type classification of the item 

d. Cost-effectiveness as it applies to the 
seriousness of the deficiency and to a com- 
parison of benefits derived from the modi- 
fication as compared with the cost of the mod- 
ification 

e. Both the density and the mission essen- 
tiality of the materiel. 

If investigation reveals that no action is 
required with regard to the equipment improve- 
ment recommendation, its originator is so ad- 
vised. If it is determined that a modification 
is required, an engineering change proposal is 
prepared that describes the full impact of the 
proposed change. After approval of this docu- 
ment, a modification work order is prepared. 

The modification work order is an official 
publication that provides authentic and uniform 
instructions for altering and modifying Army 
materiel. It is a directive, and its application 
is mandatory. Work orders normally are 
classified either URGENT or NORMAL. The 
first classification is assigned when safety of 
personnel or equipment is involved. All other 
work orders receive the second classification. 
The modification work orders are sent to the 
proper field level with modification kits, and 
the work is accomplished. Materiel in the pro- 
duction process is modified online. Technical 
publications are revised, as required, and ap- 
plicable repair parts are modified if possible, 
or are replenished by procurement. All activ- 
ities are accomplished on a coordinated schedule 
that insures that proper support resources are 
available when using organizations become re- 
sponsible for maintaining and operating the 
modified materiel. 

Summaries of actions taken to resolve 
problems reported on equipment improvement 
recommendations are published in the equip- 
ment improvement report and maintenance 
digest technical bulletin. This bulletin is 
published quarterly to disseminate technical in- 
formation concerning maintenance activities to 
field units and higher commands. It contains 
information on active and closed improvement 
reports, equipment publication changes, and 
current and delinquent modification work 
orders. The maintenance digest provides infor- 
mation reflecting the trend of support main- 
tenance problems  experienced  by using units, 
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and lists actions taken to resolve them. It has 
a one-time distribution and is not stocked as 
an item of supply in publication or supply 
points. 

The PS Magazine, published by the Army 
Materiel Command, is not directly associated 
with modifications, but its contents sometimes 
forecast modification requirements and deal 
with support problems and solutions on an in- 
formal basis. The magazine information is 
drawn from the best available technical sources, 
and is furnished for operator and organizational 
maintenance use. The information comprises 
recommendations only, until such time as it is 
published as a formal directive or is authorized 
by appropriate authority. Information per- 
taining to any type of materiel in the Army 
inventory may be contained in the magazine. 

2-6.3   DEPOT OPERATIONS 

Depot maintenance is the responsibility of 
and is performed by designated maintenance ac- 
tivities (including contractor facilities) to aug- 
ment stocks of serviceable materiel by over- 
hauling and rebuilding unserviceable assets that 
require maintenance beyond the capabilities of 
general support activities. This responsibility is 
satisfied through a combination of more exten- 
sive shop facilities, more specialized equipment, 
and more highly skilled personnel than those 
found at lower levels of maintenance. Depot 
maintenance usually is accomplished in fixed 
shops and facilities that are Government-owned 
and -operated, Government-owned and 
contractor-operated, or contractor-owned and 
-operated (Ref. 6). 

Depot maintenance support demands that 
four essential elements be available within the 
same time frame. These elements are as follows: 

a. Unserviceable but repairable items 

b. Parts required to accomplish the repair 

c. Obligational authority 

d. Repair capability, including documen- 
tation, tools, test equipment, plant facilities, 
and manpower allocations. 

The process of bringing these essentials to- 
gether requires considerable coordination 
among individual commodity commands, agen- 
cies, and oversea commands. This process af- 
fects or is affected by other functions and pro- 

grams such as planning, programming, budg- 
eting, funding, supply control, production con- 
trol, and maintenance engineering. Maintenance 
engineering decisions, for example, determine 
the materiel to be repaired at the depot and 
the depot repair capability. 

Depot maintenance is accomplished with 
the assistance of technical documentation des- 
ignated as depot maintenance work require- 
ments. These are prepared for each materiel 
item designated for depot maintenance, and 
provide specific instructions for accomplishing 
the work, as well as additional information as 
follows: 

a. Production line flow 

b. Test, measurement, and diagnostic 
equipment 

c. Jigs, tools, and fixtures 

d. Tolerances and specifications 

e. Repair parts 

/  Maintenance of forms and records. 

Depot pilot overhaul programs are con- 
ducted for selected materiel. Item selection is 
based on anticipated needs for future overhauls 
of materiel for which there are no validated 
procedures. After overhaul, statistically signifi- 
cant numbers of items are subjected to com- 
prehensive tests by an agency exterior to the 
depot. If the results of the test are satisfactory, 
subsequent overhauls of the same materiel are 
routinely accomplished by the depot, and only 
normal depot test and checkout of the over- 
hauled items are required. In addition to ac- 
complishing the actual maintenance, the ob- 
jectives of a pilot overhaul program are to 
(Ref. 7): 

a. Develop and validate depot maintenance 
procedures and standards, including quality as- 
surance aspects. 

b. Develop typical depot shop layouts, 
which will include inspection check points dur- 
ing the overhaul process. 

c. Determine and validate requirements 
for capital equipment, jigs, fixtures, special 
tools, inspection gages, and calibration equip- 
ment necessary to support the reconditioning 
program. 
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d. Insure that appropriate drawings and 
specifications for tools and/or equipment re- 
quiring depot fabrication or procurement are 
developed on a timely basis. 

e. Develop repair part consumption data 
for follow-on overhaul programs. 

/ Develop overhaul costs based on repair 
parts, components, and assemblies required and 
man-hours expended. 

g. Provide depot maintenance personnel 
with practical experience in performing equip- 
ment overhaul. 

h. Confirm the requirements for on-the-job 
and formal school training of maintenance per- 
sonnel. 

i Provide sufficient maintenance ex- 
perience and assemble a data package to permit 
depot-type overhaul under commercial contract. 

j. Evaluate the overhauled product on the 
basis of preproduction or initial production test- 
ing criteria. 

Basically, depot maintenance requirements 
are determined by considering serviceable 
assets in the worldwide inventory, projecting 
losses, and deciding how the deficiency will be 
overcome; i.e., by overhaul or by new procure- 
ment. Overhaul is used only to restore econom- 
ically repairable unserviceables to a serviceable 
condition. All other deficiencies are covered by 
new procurement. 

To standardize all aspects of materiel man- 
agement, including depot management, the 
Army Materiel Command has instituted a com- 
puter oriented data system that is designated 
the national automatic data program for AMC 
logistic management. The portion of this pro- 
gram applicable to depot management is called 
SPEEDEX, which is the acronym for System- 
wide Project for Electronic Equipment at 
Depots, Extended. The primary objectives of 
the program are to use the data to improve 
mission capabilities, attain improved efficiency, 
and reduce costs (Ref. 5). 

2-7 DISPOSAL 

The disposal phase begins when end items 
or systems have been declared obsolete and are 
no longer suitable for use by U.S. Army units. 

The phase ends when the item is removed from 
the inventory. Normally, the planning for 
phaseout of materiel is initiated following the 
approval of a development plan for materiel 
that will supplant the materiel in use. The 
phasein schedule for new materiel largely de- 
termines the timing and composition of 
phaseout planning documents, although factors 
such as obsolescence, reliability, maintainabili- 
ty, and cost to repair may result in an accel- 
erated phaseout schedule. 

Because of the distinct support implica- 
tions of materiel phaseout, the preparation of 
technical criteria for the phaseout and disposal 
plan is a maintenance engineering respon- 
sibility, and the plan normally is administered 
by a commodity command. The latter has re- 
sponsibility for planning support for the 
phasein of new materiel and for the orderly 
phaseout of materiel being replaced. The 
phaseout of equipment requires extensive co- 
ordination. The activity responsible for prepa- 
ration of the materiel phaseout and disposal 
plan must coordinate the phaseout schedule 
with all interested activities to minimize ac- 
cumulation of excess materiel requiring subse- 
quent disposal action. 

Materiel phaseout affects all categories of 
materiel support resources, and the scheduling 
of phaseout requires examination of each cat- 
egory as a separate entity. The following are 
representative phaseout actions applicable to 
the support resources of materiel programs: 

a. Adjust or curtail programming, budg- 
eting, funding, and procurement for acquisition 
of support resources. 

b. Identify repair part stock numbers and 
personnel skills to be affected by end item 
phaseout. 

c. Revise the maintenance concept and 
standards within applicable categories of main- 
tenance to conform to the phaseout schedule 
for the end item. 

d. Reflect the phaseout schedule in appli- 
cable supply control studies to permit proper 
allocation of existing assets to other materiel 
programs. Revise requisitioning objectives as 
appropriate. 

e. Establish special criteria for controlled 
cannibalization and economic repairability as 
may be necessary. 
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/ Adjust field and depot modification pro- 
grams to satisfy known operational require- 
ments. 

g. Adjust training programs, qualitatively 
and quantitatively, to meet only project needs. 
This consideration includes maintenance and 
supply skills for civilian and military personnel 
at all levels of activity; it also includes technical 
assistance activities. 

h. Control additional printing and revision 
of equipment publications. 

i. Establish demilitarization procedures 
and establish schedules for demilitarization, as 
appropriate. 

j. Advise all interested agencies of 
phaseout schedule. 

Materiel still in operational use during the 
phaseout period is supported in accordance with 
existing directives and publications. However, 
some support plans may require modification 
in order to permit an orderly and economic 
phaseout without deterioration of the required 
readiness condition; for example, can- 
nibalization may be used in accordance with 
type reclassification actions in the later part 
of the phaseout program. 

When materiel (support equipment and re- 
pair parts) is scheduled for phaseout, revised 
equipment distribution plans are sent to losing 
commands for their determination of excess 
assets. A survey is then conducted to determine 
which other commands or agencies can use the 
assets. Assets for which there is no further use 
are type classified obsolete, and disposition in- 
structions are sent to the losing commands. The 

instructions include shipping instructions for 
assets having further application, and disposal 
instructions for those declared obsolete. 

Disposal of an item for which there is no 
Army use may be by donation, sale, destruction, 
or abandonment. Competitive, negotiated, or 
retail sales are used, depending upon the quan- 
tity and value of the obsolete assets. Special 
support equipment that is lethal or has security 
or Government recognized proprietary restric- 
tions must be demilitarized prior to disposal. 

A special case of disposal involves the 
transfer of obsolete materiel to military assist- 
ance programs countries. In such cases, it may 
be necessary for the Army to maintain a sup- 
port capability even though none of the prime 
materiel remains in the Army inventory. For 
example, the receiving country is likely to re- 
quire training assistance for a limited time and 
could require replenishment repair parts and 
depot overhaul assistance for an extended pe- 
riod of time. 

The disposal of personnel and technical 
publications is straightforward. As units are in- 
activated, their operational and support person- 
nel are trained, as required, and given new as- 
signments. Frequently, many of these personnel 
are assigned to materiel units that are replacing 
those being phased out. Publications are de- 
stroyed if they have no further use. If they 
can be used elsewhere, such as by an allied 
power, they are redistributed. In either event, 
historical copies are retained. All other support 
resources except facilities can be phased out 
with little difficulty. Facilities are treated much 
like materiel, and are either diverted to new 
uses or are sold. 
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CHAPTER 3 
MAINTENANCE ENGINEERING IMFUUENCE ON DESIGN 

This chapter discusses why, when, and how 
maintenance engineering influences materiel de- 
sign. Virtually all of the design considerations 
that impact maintenance are addressed. Among 
these are reliability, safety, durability, 
redundancy, maintainability, and human fac- 
tors. The advantages and disadvantages of vari- 
ous design approaches are described, and advice 
is given on sources of data with which to eval- 
uate design. 

3-1   INTRODUCTION 

During the initial stage of a materiel ac- 
quisition program, planners are faced with one 
constant and two variables. The constant is op- 
erational requirements. The variables are 
materiel design concepts and support subsystem 
concepts. Usually, there are several combina- 
tions of design and support that will satisfy 
operational requirements. A major maintenance 
engineering function at this time is to influence 
design so that the optimum design-support com- 
bination results. This is the combination that 
satisfies operational requirements at lowest life 
cycle cost. 

The problem is complex, but not impossi- 
ble. Operational requirements, historical data, 
and judgment normally permit the elimination 
of all except a very few design-support 
combinations, and these are then subjected to 
quantitative comparisons. Historical data and 
judgment are augmented-with assumed quan- 
titative ranges for reliability and maintainabili- 
ty, and gross cost trade-offs are performed to 
determine the most economical design-support 
combination. Where appropriate, human factor 
and safety design requirements also are eval- 
uated and established by the trade-offs. 

The products of the trade-offs, which, of 
course, are conducted in concert with the other 
engineering disciplines, are baseline design and 
support requirements at the end item level, and 
a companion support concept. Multiple reliabili- 
ty values ranging between those desired and 
those required may be stated. Maintainability 
requireiMents are fundamental, specifying basic 
requirements such as built-in test equipment, 
modular packaging, and average times for cor- 

rective and preventive maintenance. The sup- 
port concept is also fundamental, and support 
resource requirements are defined only grossly. 

As the materiel program evolves, refined 
design information enables refinement of sup- 
port requirements and identification of more 
specific design requirements. For example, an 
initial requirement for modular packaging with 
modules to be repaired at the depot might 
evolve as a requirement for modules to be dis- 
carded at failure. Also, maintenance engineer- 
ing assures that materiel design and the sup- 
port concept are continuously in harmo- 
ny-complementary rather than contradictory. 

. Maintenance engineering can never relax 
its vigilance with regard to design. It can never 
be assumed that design is firm and optimum 
because, with or without maintenance engineer- 
ing requirements, design details will change 
during all materiel program phases, including 
production. Every change must be analyzed to 
determine its impact on support, and to deter- 
mine whether or not the change generates a 
maintenance engineering requirement for addi- 
tional design changes. 

Fig. 3-1 is a simple model that graphically 
portrays the foregoing discussion. The model is 
independent of materiel program phases. It 
shows that design and support alternatives first 
are evaluated qualitatively, and that selected 
combinations are quantitatively compared. The 
model shows that, in general, operational re- 
quirements, deployment quantities, and all de- 
sign features contribute to the quantity of cor- 
rective and preventive maintenance actions that 
must be performed. The support concept and 
materiel maintainability features determine the 
resources required to accomplish the total main- 
tenance workload. These, of course, are the 
summation of the resources required at all 
maintenance levels envisioned by the support 
concept. 

3-2 MAINTENANCE ENGINEERING 
DESIGN PHILOSOPHIES 

The first and most critical task of support 
development is the establishment  of materiel 
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reliability and maintainability parameters as 
design objectives. Maintenance engineering 
participates with reliability and maintainability 
engineers in the establishment of these objec- 
tives. The responsibility of maintenance engi- 
neering is to insure that the established 
reliability and maintainability parameters will 
result in the attainment of operational require- 
ments at lowest life cycle cost. Depending upon 
the nature of the materiel, maintenance engi- 
neering also establishes requirements for design 
features pertaining to safety, human factors, 
and transportability. 

The other engineering disciplines, except 
maintainability, are primarily oriented toward 
satisfying operational requirements, and look to 
maintenance engineering and maintainability 
for design guidance on characteristics that 
enhance materiel support. Since maintenance 
engineering is the only discipline functionally 
aware of the full impact of design features on 
support, it follows that it is in the best position 
to identify design features that enhance sup- 
port. Aggressive accomplishment of this role is 
the keystone to an effective maintenance en- 
gineering program. 

Many design features that enhance 
materiel support increase acquisition costs. This 
is not a deterrent to establishing and justifying 
the features as requirements, providing life cy- 
cle cost savings can be demonstrated. In most 
cases, savings can be demonstrated since it is 
estimated that materiel life cycle maintenance 
support costs are on the order of 3 to 20 times 
the original procurement costs (Ref. l).In other 
words, the expenditure of an additional dollar 
on design can net from $2.00 to $19.00 in life 
cycle cost savings. In some cases, design 
changes can result in an avoidance of require- 
ments for nonexistent resources such as skilled 
personnel, and a double payoff is realized. 

An evaluation of the impact of a design 
feature on support is somewhat complicated by 
the interdependence of the support element 
resource requirements. Seldom will a feature 
impact resources of a single element. Some- 
times, several elements will incur reduced re- 
quirements, sometimes there will be a mixture 
of reduced and increased requirements, and 
sometimes there will be several increased re- 
quirements.  This points up the need for thor- 

ough, systematic analyses before acceptance or 
establishment of design requirements. 

Before establishing design requirements, 
maintenance engineering must evaluate design 
alternatives and make selections. A few top- 
level design requirements can be established 
relatively quickly based on operational require- 
ments, historical data, and judgment. For ex- 
ample, if system requirements include a min- 
imum acceptable availability, it is not difficult 
to establish a range of minimum acceptable Val- 
ues for mean time between failures and mean 
time to repair. Eventually though, trade-offs 
must be conducted between the two parameters, 
and specific design features must be estab- 
lished. It is difficult to move immediately to 
this level of detail. The problem derives from 
the identification of the features it is desired 
to evaluate, as well as from the conduct of the 
evaluation. The features to be considered are 
so numerous that, even with memory aids, some 
features offering significant potential payoffs 
might be overlooked. 

Many memory aids have been devised. 
Some take the form of rather lengthy reliability 
and maintainability checklists (Ref. 1), and 
these are quite useful. Other aids emphasize 
brevity by simply listing fundamental design 
features such as reliability, diagnostics, me- 
chanical and electrical packaging, and 
accessibility. Such aids leave too much unsaid, 
and should be used only by very experienced 
personnel. Another approach, which will be de- 
scribed in subsequent paragraphs, is to list de- 
sirable materiel maintenance objectives, and 
couple these with parameters that contribute 
to the attainment of the objectives. 

Materiel maintenance parameters derive 
from materiel design. They may be expressed 
qualitatively- or quantitatively. A qualitative ex- 
pression, for example, is minimum maintenance 
downtime. The actual maintenance parameter 
is, of course, simply maintenance downtime, but 
a modifier is normally required to express the 
maintenance engineering requirement. The com- 
panion, first-level, quantitative expression can 
be one or more of the several that are normally 
used. One of the most common of these is mean 
time to repair. It is stated in terms of time, 
25.5 min for example. Another is the ratio be- 
tween maintenance hours and operating hours, 
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which is stated as a fraction. Second-level, 
quantitative requirements state specific design 
features that will permit attainment of the 
first-level requirements. 

Maintainability engineering, with inputs 
from maintenance engineering, is responsible 
for establishing second-level, quantitative re- 
quirements. The following sequence of events 
comprises a systematic method for accom- 
plishing this function: 

a. Identify desirable maintenance objec- 
tives and the qualitative maintenance param- 
eters that contribute to attainment of the ob- 
jectives. 

b. Use operational requirements, historical 
data, and judgment to select parameters for 
further study. 

c. Quantify the selected parameters to the 
lowest possible level and determine the impact 
on support resource requirements. 

d. Establish quantitative design require- 
ments. 

Perhaps the one advantage that this 
method has over straight checklists is that it 
starts with a relatively limited number of 
quickly identified maintenance objectives, and 
eases into the problem rather than concurrently 
considering a host of maintenance parameters. 

Table 3-1 lists the most important main- 
tenance objectives and the most important qual- 
itative parameters that contribute to attainment 
of the objectives. The table is universally ap- 
plicable to all materiel, but it must be used 
with imagination, and a background of design 
and maintenance knowledge applicable to the 
materiel under consideration. For example, the 
design details of maintenance-free tank assem- 
blies are not likely to duplicate the details of 
maintenance-free radar assemblies, and main- 
tenance engineering must deal in details. In the 
interest of brevity, the table does not repeat 
characteristics. A maintenance-free design will 
contribute to attainment of all of the main- 
tenance objectives, but this design character- 
istic is only listed once. All parameters that 
make multiple contributions are similarly 
treated. 

It is apparent that use of the table ^° 
select quantitative parameters will lead to 
many trade-offs. Consider, for example, the first 

maintenance parameter contributing to the sec- 
ond maintenance objective, "rapid and positive 
prediction or detection of malfunction or 
degradation". This can be accomplished with 
built-in test equipment, automatic test equip- 
ment, or manual test equipment to the end 
item, intermediate assembly or piece part hard- 
ware level. Nine trade-offs would result if each 
of the three types of test equipment was eval- 
uated for detecting failures at each of the three 
hardware levels. Fortunately, early in a 
materiel program, available data will not war- 
rant more than evaluation of built-in test equip- 
ment and manual test equipment used to an 
end item or lower level. These four potential 
trade-offs might be further reduced by the ap- 
plication of operational requirements and his- 
torical data. Thus, the problem is not insur- 
mountable. Later in the program, when final 
design details must be formulated, the 
alternatives are more limited. 

3-3 MAINTENANCE ENGINEERING 
INFLUENCE ON REUAEUTY 
CONCEPTS DURIMG DESIGN (Ref. 2)' 

Reliability is the probability that materiel 
will operate successfully for a specified period 
of time and under specified conditions when 
used in the manner and for the purpose in- 
tended. Materiel less than 100 percent reliable 
will experience failures that generate a require- 
ment for corrective maintenance. Failures occur 
because of inherent limitations of components, 
the manner in which components are used in 
materiel, and the manner in which they are 
manufactured, operated, and maintained. 

The paragraphs that follow analyze the 
basic reliability definition, discuss types of 
materiel failures, define inherent and oper- 
ational reliability, and discuss the statistical ap- 
proach to reliability. 

a. Analysis of Reliability Definition.  Since 
reliability is a probability, it is a variable and 
not an absolute value. If materiel is 90 percent ■ 
reliable,  there is a  10 percent chance that it 
will fail.  Since failure is a chance, it may or 

1   From Reliability for the Engineer  by Richard B. Dillard, 
©   1965 by Martin Marietta Corporation and reproduced 

with their permission. 

3-4 



AMCP 706-132 

TABLE 3-1.  MATERIELMAINTENANCE OBJECTIVES VS MAINTENANCE PARAMETERS 

1. Minimize maintenance frequency by using: 
Maintenance-free design 
Standard and proven design and components 
Simple, reliable, and durable design and components 
Fail-safe features to reduce failure consequences 
"Worst case" design techniques and tolerances that allow for use and wear 
throughout item life. 

2. Minimize maintenance downtime by designing for rapid and positive: 
Prediction or detection of malfunction or degradation 
Localization to the affected assembly, rack, or unit 
Isolation to a replaceable or repairable module or part 
Correction by replacement, adjustment, or repair 
Verification of correction and serviceability 
Identification of parts, test points, and connections 
Calibration, adjustment, servicing, and testing. 

3. Minimize maintenance costs by designing for minimum: 
Hazards to personnel and equipment 
Depot or factory maintenance 
Consumption rates and costs of repair parts and materials 
Erroneous indications of failure 
Personnel skills and quantities. 

4. Minimize maintenance complexity by designing for: 
Compatibility between materiel and support equipment 
Standardization of design, parts, and nomenclature 
Interchangeability of like components, material, and repair parts 
Minimum maintenance tools, accessories, and equipment 
Adequate accessibility, work space, and work clearances. 

5. Minimize maintenance personnel requirements by designing for: 
Logical and sequential function and task allocations 
Easy handling, mobility, transportability, and storability 
Minimum numbers of personnel and maintenance specialities 
Simple and valid maintenance procedures and instructions. 

6. Minimize maintenance errors by designing to reduce: 
Likelihood of undetected failure or degradation 
Maintenance waste, oversight, misuse, or abuse 
Dangerous, dirty, awkward, or tedious job elements 
Ambiguity in labeling or coding. 

3-5 



AMCP 706-132 

may not occur. To perform without failure 
means that failures will not occur that will keep 
the materiel from performing its intended mis- 
sion. From this comes a more general definition 
of reliability: that it is the probability of suc- 
cess. 

From the foregoing comes the fact that 
a definition of what constitutes the success of 
deployed materiel is necessary before a state- 
ment of reliability is possible. One definition 
of success for a missile flight might be that 
the missile leaves the launching pad. Another 
definition might be that the missile hits the 
target. Either way, a probability of success or 
reliability can be determined, but it will not 
be the same for each success definition. The 
importance of defining success cannot be over- 
emphasized. Without it, determination of 
whether or not a device has met its reliability 
requirements is impossible. 

The latter part of the definition indicates 
that a definition of success must specify the 
operating time, operating conditions, and in- 
tended use, i.e.: 

(1) Operating time is defined as the 
time period in which the device is expected to 
meet its reliability requirements. The time pe- 
riod may be expressed in seconds, minutes, 
hours, years, or any other unit of time. 

(2) Operating conditions are defined as 
the environment in which the device is expected 
to operate, and specifies the electrical, mechan- 
ical, and environmental levels of operation and 
their durations. Preventive maintenance can 
comprise apart of operating conditions. 

(3) Intended use is defined as the 
purpose of the device and the manner in which 
it will be used. For example, a missile designed 
to hit targets 1000 miles away should not be 
considered unreliable if it fails to hit targets 
1100 miles away. Similarly, a set of ground 
checkout equipment designed to be 90 percent 
reliable for a 1-hr tactical countdown should 
not be considered unreliable if it fails during 
10 consecutive countdowns of training exercises. 

b. Product Failure Modes. In general, crit- 
ical equipment failures may be classified as: 

(1) Catastrophic part failures - Fail- 
ures that occur randomly  in time  and result 

in the sudden inability of an item to perform 
its function; e.g., a resistor opens or shorts. 

(2) Tolerance failures - Failures that 
result when item parameters deviate from spec- 
ified values; e.g., the resistance of a resistor 
drifts outside of specification limits. 

(3) Wearout failures - Failures that 
increase with operating time and result in the 
gradual loss of the ability of an item to perform 
its function; e.g., a piston ring wears to the 
extent that required compression cannot be at- 
tained. 

Assuming that these failure modes are in- 
dependent, the expression for reliability then 
becomes 

R = PcPtP„ (3-D 
where 

R  = reliability 

Pc = probability that catastrophic part fail- 
ures will not occur 

P, = probability that tolerance failures will 
not occur 

Pw = probability that wearout failures will 
not occur 

c. Inherent Product Reliability. To consid- 
er the inherent reliability of materiel, think of 
the expression PCP,PW as representing the 
potential reliability of the item as described by 
documentation. Or to put it another way, let 
it represent the reliability that is inherent in 
the paper design instead of the reliability of 
the manufactured hardware. If the inherent 
reliability of the design is denoted by R, , then 

Ri = PcP,Pu, (3"2» 

An expression for R, is of interest, because 
Rt represents a potential reliability that can 
never be increased except by a design change. 
Actually, it cannot even be achieved, because 
this would require perfect execution of all func- 
tions required to translate a drawing-board de- 
sign into operating hardware and of subsequent 
operational and maintenance functions. 

d. K-factors. K-factors have values be- 
tween 0 and 1, and represent probabilities that 
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designated functions will be performed proper- 
ly. The factors are used to calculate the 
reliability of deployed materiel as follows: 

R„ = R, (KqKmKrK,Kn) (3-3) 

where 

Rn = operational reliability 

Rj =  inherent reliability 

K, = probability that quality test methods 
and acceptance criteria will not 
degrade inherent reliability. An exam- 
ple of K, is the situation in which a 
defective part is accepted and later ap- 
pears as a field failure and is counted 
against product reliability. 

Km = probability that manufacturing pro- 
cesses, fabrication, and assembly tech- 
niques will not degrade inherent 
reliability. Examples of Km would be 
cold solder joints, poor lamination of 
multilayer printed circuit boards, loose 
fittings in plumbing installations, and 
many others, which can appear as field 
failures. 

K,. = probability that reliability activities 
will not degrade inherent reliability. 
An example of K,. would be an in- 
accurate test analysis that forces a de- 
sign change that degrades rather than 
improves the hardware performance. 

Kj = probability that logistic activities will 
not degrade inherent reliability. An ex- 
ample of K} would be an inaccurate 
procedure in a repair manual, which, 
if followed, would create more failures 
than it fixes. 

Kv = probability that the user will not 
degrade inherent reliability. An exam- 
ple of Ku would be an operator error 
that causes a field failure because cor- 
rect operating procedures are not fol- 
lowed. 

There are many other if-factors that could 
be considered, but these are the main ones. Op- 
erational reliability is degraded by each of these 
factors that is less than 1, and becomes 0 if 
any factor becomes 0. 

3-3.1   STATISTICAL APPROACH TO  RELIABILITY 

Reliability is defined as a probability. 
Therefore, to effectively influence design 
reliability, 'maintenance engineering must have 
an understanding of the fundamentals of prob- 
ability theory. 

3-3.1.1   Probability Defined 

Probability is often referred to as the prob- 
ability of success. This can be defined as fol- 
lows: 

If an event can occur in^4 different ways, 
all of which are considered equally likely, and 
if a certain number B of these events is con- 
sidered successful or favorable, then the ratio 
B/A is called the probability of success. 

Probability by this definition is also called 
an a priori (beforehand) probability, because its 
value is determined without experimentation. It 
follows that reliability predictions of what the 
probability of success of missile flights will be 
before they occur are a prim' reliabilities. In 
other words, a priori reliabilities are estimates 
of what may happen, not observed facts. 

After an experiment has been conducted, 
an a posteriori probability or an observed 
reliability can be defined as follows: 

If fM is the number of favorable or suc- 
cessful events observed in a total numbeT of 
n trials or attempts, then the relative frequency 
f(n)/n is called the statistical probability, the 
a posteriori probability, the empirical probabil- 
ity, or the observed reliability. 

Note that the number of favorable events 
f(n) is a function of the total number n of trials 
or attempts. Therefore, as the number of trials 
or attempts changes,/(re) may also change, and, 
consequently, the statistical probability or ob- 
served reliability may change. 

3-3.1.2   Probability Theorems 

Three probability theorems are presented. 
In these theorems and examples, the probability 
of success (reliability) is represented by R, and 
the probability of failure (unreliability) by Q. 

a. Theorem 1. If the probability of success 
is R, then the probability of failure Q is equal 
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to 1 — R. In other words, the probability that 
all possible events will occur is 

Q + R = 1 (3-4) 
Example: If the probability of a missile 

flight success is 0.81, the probability of flight 
failure is 1 - 0.81 = 0.19. Therefore, the prob- 
ability that the flight will succeed or fail is 
0.81 +0.19 = 1.0. 

b. Theorem 2. If Rx is the probability that 
a first event will occur, and R2 is the prob- 
ability that a second independent event will oc- 
cur, then the probability that both events will 
occur is 

R = RXR2 (3-5) 

A similar statement can be made for more 
than two independent events. 

Example: If the probability of completing 
one countdown without a failure R, is 0.9, the 
probability of completing two countdowns 
without failure is RyR2 = 0.9 X 0.9 = 0.81. 
The probability that at least one of the two 
countdowns will fail is 1 - RXR2 = 1 - 0.81 
= 0.19 (from Theorem 1). At least one will fail 
because the unreliability term Q includes all 
possible failure modes, which in this case is 
two: one or both countdowns fail. 

c. Theorem 3. If the probability that one 
event will occur is R, and the probability that 
a second event will occur is R2, and if not more 
than one of the events can occur (i.e., the events 
are mutually exclusive), the probability that 
either the first or second event, not both, will 
occur is 

R = Rx + R2 (3-6) 

A similar theorem can be stated for more 
than two events. 

Example: Consider the probability of com- 
pleting two countdowns without a failure. Let 
the probability of success for the first and sec- 
ond countdowns be R, and R,, and the prob 
abilities of failure be Qx and Q2. To solve the 
problem using Theorem 3, it is best to diagram 
the possible events as shown in Fig. 3-2. 

The mutually exclusive events are: 
Q;,   first countdown  fails; R,Q2,  first 

countdown succeeds and the second fails; and 
R,R,, both countdowns succeed. 

From Theorem 3, the probability that one 
of the three events will occur is 

Q, +R2Q2 + R,R2. 

But since these three events represent all 
possible events that can occur, their sum equals 
1 (from Theorem 1 ^Therefore, 

Qj + R\Q2 "I-R\R% = l. 

R, R2, the probability of completing both 
countdowns without one failure, is the solution 
to the proposed problem; therefore, 

i-(RiQ2 +Qi) 
0.9, Qi   =0.1, R2 =0.9, and 
0.1, then, 
1- [(0.9X0.1) +0.11 
1 - [0.09 + 0.11 

=   1-0.19 
= 0.81 

which agrees with the answer in the example 
in Theorem 2. 

3-3.1.3  Exponential Distribution 

The term e"Xf is called the exponential dis- 
tribution and is the simplest form of Pc, the 

R\R^ - 
HR,   = 

RyR%   = 

FIRST 
SUCCEEDS R, SECOND SUCCEEDS R2 

COUNTDOWN COUNTDOWN 

FAILS Q, 

FAILS Q2 

R JR-J 

R,Q, 

Figure 3-2.   Possible Events Diagram—Probability of Completing Two Countdowns Without a Failure 
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probability that a catastrophic part failure will 
not occur. 

ps = e-\t (3-7) 

In this expression, X is a failure rate for 
random catastrophic part failures that occur in 
such a short period of time that they cannot 
be prevented by preventive maintenance. Op- 
erating time is designated by t. Random 
catastrophic failures are failures that occur ran- 
domly in time and from part to part. 

For example, suppose a contractor uses one 
million integrated circuits in a computer. Over 
a period of time, he may observe an average 
of one circuit failure every 100 operating hours. 
Even though he knows this failure rate, he can- 
not say which one of the million circuits will 
fail. All he knows is that, on the average, one 
will fail every 100 hr. In fact, if a failed circuit 
is replaced with a new one, the new one, 
theoretically, has the same probability of failure 
as any other circuit in the computer. In ad- 
dition, if he performs a failure analysis on each 
of the failed circuits, he may find that every 
failure is caused by the same mechanism, such 
as poorly welded joints. Unless he takes some 
appropriate corrective action, he will continue 
to observe the same random failures even 
though he knows the failure cause. 

A catastrophic failure will be defined as 
an electrical open or short,  a mechanical or 

structural defect, or an extreme deviation from 
an initial setting or tolerance. (A 5 percent tol- 
erance resistor that deviated beyond its end- 
of-life tolerance, to 20 percent for example, 
would be considered to have failed 
catastrophically.) 

The latter portion of the failure rate def- 
inition refers to the circumstance under which 
a failure is revealed. If a potential operating 
failure is corrected by a maintenance function, 
such as scheduled preventive maintenance, 
where an out-of-tolerance part could be re- 
placed, then that replacement cannot be rep- 
resented by A, since it did not cause an op- 
erating or unscheduled failure. Here we see one 
of the many variables that affects the operating 
failure rate of a product: the maintenance phi- 
losophy. 

3-3.1.4 The  "Bathtub" Curve 

In the exponential distribution, X was re- 
ferred to as an average failure rate, indicating 
that X may be a function of time, Mt). Fig. 
3-3 shows three general curves representing k(t) 
possibilities. 

Curve A of Fig. 3-3 shows that as oper- 
ating time increases, failure rate also increases. 
This type of failure rate is found where wearout 
or age is a dominant stress (for example, slip 
clutches or automobile tires). 

TIME 

Figure 3-3.   Failure Rate Curves 
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Curve B shows that as operating time in- 
creases, the failure rate decreases. This type 
of failure rate has been observed in some elec- 
tronic parts, especially semiconductors. 

Curve C shows that as operating time in- 
creases, the failure rate remains constant. This 
type of failure rate has been observed on many 
complex systems and subsystems. In a complex 
system (i.e., a system with a large number of 
parts), parts having decreasing failure rates re- 
duce the effect of those having increasing fail- 
ure rates. The net result is an observed constant 
failure rate for the system. Because of this, 
part failure rates are usually given as a con- 
stant, although in reality they may not be. 

In this discussion, only constant part fail- 
ure rates will be considered because these rates 
will be related to system operation. 

If, for a typical system or complex sub- 
system, the failure rate was plotted against op- 
erating life, a curve as shown in Fig. 3-4 would 
result. The curve is commonly referred to as 
the "bathtub" curve. This curve is explained in 
the following paragraphs. 

a. Infant Mortality. The time tQ represents 
the time that the system is first put together.. 

The interval from t0 to time tx represents a 
period during which assembly errors, defective 
parts, and compatibility problems are found and 
corrected. As shown, the system failure rate 
decreases during this debugging or burn-in 
interval as these gross errors are eliminated. 

b. Useful Operating Life. The interval 
from time ^ to t-, represents the useful op- 
erating life of the equipment and is charac- 
terized by a constant failure rate. It is during 
this period of time that the expression for 
Pc = e~xt is valid. Therefore, when e~x' is used, 
it is assumed that the system has been properly 
debugged. In practice, this assumption may not 
be true, but an adequate picture of the expected 
operating reliability can still be obtained by ac- 
cepting the assumption. 

c. Wearout Period. The interval from t2 to 
£3 represents the wearout period during which 
age and deterioration cause the failure rate to 
increase and render the system inoperative or 
extremely inefficient and costly to maintain. 

3-3.1.5  System ReliabilityModel 

To find the reliability for a complete sys- 
tem, begin by developing a model for the sys- 
tem,  writing the equation for the probability 

t 
< 

3 

< 

1 1 1 1 
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Figure 3-4.   Failure Rate vs   Operating Time life 
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of success from the model, and then using the 
failure rates and operating times of the system 
elements to calculate the reliability of the sys- 
tem. 

Example: Consider the system model, with 
series and redundant elements, shown in Fig. 
3-5. 

The equation can be written directly as 

R, = ä1ä2ä3[1-Q4Q5Q6]     
(3"8) 

where 

Ä. = 

[1 

Rs 
RlR2R% 

=  system reliability 
= probability of success of the 

series parts 
= probability of success of the 

three   parts   in   simple 
redundancy. 

If it is known that 
Rt = 0.99 = e-o.oi 

R2 = 0.999 
Ä, = 0.95 = 

= e-o.ooi 
g-0.051 

Ä4 = Ä5 = Ä6 = 0.89 

where 
Rs may represent e~M, inherent reliability 

R{ or observed product reliability, depending 
upon the stage of product development, then 

g-0.Cfe-0.001g-0.051 

X  [1 - (1 - 0.89)(1 - 0.89X1-0.89)] 
_ g-0.062 p _ (0.11)(0.11)(0.11)] 

= e-°062[l -0.0013311 

= «r0062 (0.99867) 

= 0.94 

which is the reliability of the system. However, 
this does not mean that there will be no equip- 
ment failures. The system will still succeed 
even though one or two of the redundant paths 
have failed. 

3-3.1.6 What MaintenanceEngineeringCan Do 

The maintenance burden of fielded 
materiel varies inversely to its operational 
reliability. Maintenance engineering can favor- 
ably influence this reliability-which is a func- 
tion of inherent reliability and K-factors-by 
several actions, some of the most important of 
which are: 

a. Maintain a working knowledge of the 
theory of reliability and the manner in which 
a reliability program is conducted for a materiel 
program; i.e., specification requirements, initial 
allocation, predictions, and iterative prediction 
updates. 

I 
I 

PART 4 

DOESNOT 

FAIL 

1 
I 

1 OR 1 
PART 1 

DOESNOT 

FAIL 

AND PART2 
DOESNOT 

FAIL 

AND PART3 
DOESNOT 

FAIL 

AND IF      1 PART 5 1   THEN 
SUCCESS 1 DOES NOT 

FAIL ' 

Figure 3-5.   Model of System With Series and Redundant Elements 
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b. Based on historical data, recommend 
components and assemblies that have proved 
to be reliable, and oppose those that have been 
unreliable. 

c. Know the facts and assumptions upon 
which failure rate data are based, and evaluate 
these rates and any K-factors that have been 
applied by using historical data. Gain manage- 
ment acceptance of realistic K-factors. 

d. Using realistic failure rates, conduct 
trade-offs between improved materiel reliability 
and decreased maintenance costs. 

e. Carefully control maintenance engineer- 
ing analysis and other activities that impact 
the K-factors pertaining to logistic and user 
activities. 

3-4 MAINTENANCE ENGINEERING 
INFLUENCE ON LIFE CYCLE 
LOGISTICS 

In its broadest sense, logistics comprises 
"those aspects of military operations which deal 
with: (a) design and development, acquisition, 
storage, movement, distribution, maintenance, 
evacuation and disposal of materiel; (b) move- 
ment, evacuation, and hospitalization of person- 
nel; (c) acquisition or construction, mainte- 
nance, operation, and disposition of facilities; 
and (d) acquisition or furnishing of services" 
(Ref. 3). Maintenance engineering significantly 
influences the manner in which the majority 
of these functions is performed by participating 
in some and by establishing requirements that 
define the scope of others. 

Table 3-2 shows how maintenance engi- 
neering activities interface with the logistic 
functions. It may be seen that as maintenance 
engineering 'establishes design and support 
resource requirements for materiel, it is con- 
currently establishing requirements that must 
be satisfied by a military logistic system, either 
the one in being, or a modified version. New 
materiel with logistic requirements compatible 
with the current logistic system can be phased 
economically and efficiently into the inventory. 
The converse is true for new materiel with in- 
compatible logistic requirements. Such require- 
ments should be avoided unless overwhelming 
operational or economical advantages can be 
demonstrated. 

3-4.1   COST TRADEOFFS 

A trade-off is a comparison of competing 
system characteristics and factors to determine 
the optimum overall combination. Simply 
stated, it is a comparison of two or more ways 
for arriving at a goal for the purpose of making 
a decision. Trade-offs of varying complexity are 
conducted throughout the life cycle of materiel. 
The primary purpose of a maintenance engi- 
neering cost trade-off is to select the materiel 
design and support concepts that satisfy oper- 
ational requirements at lowest life cycle cost. 

The life cycle costs associated with 
alternative concepts are composed of three ma- 
jor cost categories: research and development, 
acquisition, and operation and support. The first 
two cost categories occur only once in a 
materiel life cycle, but the third recurs annually 
for as many years as the materiel is in the 
operational inventory. Operating and mainte- 
nance costs normally have a dramatic effect 
on design decisions due to their recurring 
nature, and maintenance engineering uses its 
knowledge of. these costs to guide design 
properly. 

A simplified example will be used to dem- 
onstrate the foregoing. Assume that a 
helicopter-launched antitank missile is being de- 
veloped to be deployed in five separate loca- 
tions. Operational requirements dictate that 
missile maintenance be performed by a direct 
support unit at each location, and at a depot, 
each of which has general-purpose test equip- 
ment that can be adapted for missile mainte- 
nance. Studies have demonstrated that the only 
other test equipment which feasibly can satisfy 
operational as well as depot requirements is an 
automatic, special-purpose test set. Missile costs 
are not affected by test set selection. The prob- 
lem is to determine which test set is most cost- 
effective. 

The alternatives having been established, 
the next step is to accrue costs. To make the 
point of this example, the adapters required for 
the general-purpose test set are assumed to be 
unusually expensive, and are estimated to cost 
$300,000 to develop and $30,000 each to procure. 
Special-purpose test equipment only costs half 
as much in each case. Suppose also that initial 
repair parts cost $20,000 for the adapters and 
$10,000  for the  special-purpose test  sets. 
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TABLE 3-2.   MAINTENANCE ENGINEERING/LIFE CYCLE LOGISTIC INTERFACES 

Logistic Function Maintenance Engineering Interface 

Materiel: 
Design and development 
Acquisition 
Storage 

Movement 
Distribution 

Maintenance 

Evacuation 
Disposal 

Personnel:   . 
Movement 

Evacuation 
Hospitalization 

Facilities: 
Acquisition or construction 

Maintenance 

Operation 

Disposition 

Services: 
Acquisition or furnishing 

Influence design. 
Provide basic provisioning data. 
Establish packaging, handling, and facility re- 
quirements. 
Establish transportation requirements. 
Establish use locations for support equipment and 
repair parts. 
Establish all requirements that impact the per- 
formance of maintenance. 
Establish requirements relevant to maintenance. 
Establish technical criteria. 

Establish training and maintenance locations to 
which personnel are moved. 
None. 
None. 

Establish maintenance and storage facility re- 
quirements. 
Establish maintenance requirements for real prop- 
erty installed equipment. 
Establish policies for operating maintenance and 
storage facilities. 
Identify underused maintenance and storage fa- 
cilities. 

Establish requirements for supply and mainte- 
nance technical assistance and for contract main- 
tenance. 

Assume that there are no other significant dif- 
ferences between development and acquisition 
costs for the two items. 

Turning now to operating and support 
costs, and assuming 10 years of operation, re- 
pair part replenishment costs for the adapters 
total $10,000, and for the special-purpose test 
set, $5,000. The only other significant operating 
cost difference derives from personnel require- 
ments. Personnel assigned to the direct support 
units can use the general-purpose test sets and 
adapters, and accomplish the missile work load 
with no personnel augmentation. Assignment of 

the special-purpose test sets to the units will 
necessitate the addition of one E-5 to each loca- 
tion. No additional personnel will be required 
at the depot, regardless of the test set used. 
Annual personnel costs are $14,300 per individ- 
ual, a figure that includes basic pay and per- 
sonnel support costs (Ref. 4). 

Trade-off results are shown in Table 3-3. 
Clearly, the general-purpose test equipment is 
the best choice, and the choice is forced by 
the seemingly insignificant addition of one in- 
dividual to five maintenance locations. Person- 
nel will generally be found to be the most costly 
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TABLE 3-3.   COST TRADE-OFF OF GENERAL-PURPOSE TEST EQUIPMENT VS 
SPECIAL-PURPOSETEST EQUIPMENT FOR HYPOTHETICAL MISSILE 

Cost Source 
General-purpose Test 

Equipment (Adapters) 
Special-purpose 
Test Equipment 

Development 

Procurement 
Basic items 
Repair parts 

Operation and support 
(10 years) 

Repair parts 
Personnel 

$300,000 

180,000 
20,000 

10,000 

$510,000 

$150,000 

90,000 
10,000 

5,000 
715,000 

$970,000 

of all of the support resources. Since skilled 
personnel also are limited in quantity, it is of 
particular importance to influence design to 
minimize qualitative and quantitative personnel 
requirements. 

3-4.2  TOOLING REQUIREMENTS 

The typical materiel program generates re- 
quirements for numerous varieties and sizes of 
standard tools, and for a lesser number of spe- 
cial tools. The latter comprises tools that are 
designed and produced to satisfy materiel main- 
tenance requirements that cannot be satisfied 
by tools that are in the military or commercial 
inventory. In its broadest sense, the word 
"tools" implies both hand tools and shop tools. 
This discussion will be limited to hand tools, 
but some of the principles stated apply to all 
tooling. 

The varieties and sizes of hand tools re- 
quired depend upon materiel design. For exam- 
ple, each type of fastener, other than manually 
operated fasteners, generates a requirement for 
a tool type. The number of required tool sizes 
within this type depends in turn upon the 
number of size variations within the fastener 
type. Torquing requirements for various size 
fasteners generate another range of tool re- 
quirements, as do torquing values that do not 
lie within the range of a single tool. Limited 
accessibility usually generates requirements for 
an additional range of tool varieties and sizes. 
The  cumulative effects of these  and  other 

materiel design features are organizational 
maintenance personnel with bulging tool kits 
and field maintenance personnel with bulging 
shop vans. 

A reduction in tool requirements for a 
materiel program will result in cost savings and 
increased maintenance efficiency. The cost sav- 
ings are self-evident since each tool costs some- 
thing; reduce the number and thereby reduce 
the cost. The costs involved in a special tool 
are more than are generally realized. Here, one 
encounters design, development, and documen- 
tation costs, test costs, procurement costs, and 
a recurring supply management cost. The latter 
cost accrues when a new line item is introduced 
into and maintained in the supply system. 
Assuming a 10-year life cycle, this cost alone 
will approximate $9,000. Add this to the pre- 
viously mentioned costs and a seemingly in- 
expensive special tool takes on significant life 
cycle costs. 

The impact of tool quantities on mainte- 
nance efficiency also is not generally realized. 
A simple example will demonstrate this. A 
maintenance technician will normally select the 
proper tools to initiate a maintenance task, 
which frequently is access to a suspected area 
of trouble. If subsequent troubleshooting leads 
to a requirement for additional access, and the 
tools in hand are not the proper ones, he should 
go back to the tool kit. However, he is more 
likely to make do with what he has immediately 
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available. This can result in maintenance dam- 
age. On the other hand, even if he does return 
to a tool kit containing a variety of sizes of 
the same type tool, he may still select the 
wrong one, and damage can still result. 

Maintenance engineering can control tool 
requirements by influencing design. At the 
start of a materiel program, establish gener- 
alized requirements for a minimum number of 
standard fasteners, adequate accessibility, and 
a minimum number of special tools. As design 
progresses, monitor attainment of these goals 
through maintenance analyses. Challenge, in 
particular, special tool requirements. Determine 
how similar maintenance was performed on oth- 
er materiel, and the designs that permitted the 
use of standard tools. Survey standard and com- 
mercial tools. Accept special tools only as a 
last resort. 

A true incident will demonstrate the im- 
portance of verifying that a special tool is 
actually required. On a particular system, there 
was an organizational maintenance requirement 
to replace large gaskets. The nature of the task 
required that the adhesive be spread with a 
gun similar to a caulking gun. Design engi- 
neering initiated the design of a special tool, 
and tested a preliminary concept, which per- 
formed marginally. Meanwhile, maintenance en- 
gineering made a survey of existing standard 
and commercial equipment, and found a com- 
mercial gun costing about $5.00, which, when 
procured, performed perfectly. Design effort 
was stopped, with a resulting life cycle savings 
of at least $10,000. Compared to materiel life 
cycle costs, this savings is insignificant. How- 
ever, multipled by 25 incidents, it amounts to 
a quarter of a million dollars, and there are 
certainly more than this number of op- 
portunities in the average materiel program to 
realize similar savings. 

3-4.3   ENVIRONMENTALCOMPATIBILITY (Ref. 1) 

The global mission of the Army dictates 
that its materiel be capable of surviving, op- 
erating, and being maintained in a variety of 
natural and induced environments. A natural 
environment is comprised of the climate, at- 
mosphere, and terrain in a geographical loca- 
tion. An induced environment is a combination 
of the effects of personnel and materiel func- 

tions, such as the shock and vibration resulting 
from transportation and handling, or tem- 
peratures resulting from equipment operation. 
Regardless of materiel design, maintenance re- 
quirements will be greater in extreme environ- 
ments than in normal environments. However, 
this differential can be reduced by proper de- 
sign, and a maintenance engineering function 
is to insure that this design is achieved. The 
following discussion will identify the most 
significant environmental parameters and brief- 
ly describe the failures they cause, and proper 
maintenance engineering actions with regard to 
design. See Refs. 14-18 for a detailed discussion 
of environmental factors. 

3-4.3.1   Natural Environments 

Operation and maintenance problems in 
extremely cold climates are caused mainly by 
drifting snow and low temperatures. Tracked 
vehicles must be used for travel off the road. 
Drifting snow can enter a piece of equipment 
and either impede its operation, or melt and 
then refreeze inside as solid ice. Then, when 
the unit generates heat, the melted snow will 
cause short circuits, form rust, or rot organic 
materials. 

The subzero temperatures may produce the 
following effects: volatility of fuels is reduced; 
waxes and protective compounds stiffen and 
crack; rubber, rubber compounds, plastics, and 
even metals in general lose their flexibility, be- 
come hard and brittle, and are less resistant 
to shock. At a temperature of -30° F, batteries 
are reduced in current capacity by 90 percent 
and will not take an adequate charge until 
warmed to 35°F. The variations in the 
capacitance, inductance, and resistance of elec- 
trical components and parts can become so 
great as to require readjustment of critical cir- 
cuits. 

The high day temperatures of the desert, 
solar radiation, and dust and sand, combined 
with sudden violent winds and large daily tem- 
perature fluctuations, may create many of the 
following maintenance problems: heat can lead 
to difficulties with electronic and electrical 
equipment, especially if these have been de- 
signed for moderate climates; materials such 
as waxes soften, lose strength, and melt; ma- 
terial may lose mechanical or electrical prop- 
erties because of prolonged exposure; fluids may 
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lose viscosity; and joints that would be adequate 
under most other conditions may leak. Heat 
also can cause the progressive deterioration of 
many types of seals in transformers and ca- 
pacitors. Capacitors of some types develop large 
and permanent changes in capacity when ex- 
posed to temperatures above 120°F. Finally, 
tires wear out rapidly; paint, varnish, and lac- 
quer crack and blister; objects exposed to solar 
radiation become so hot that they cannot be 
handled without protection for the hands; and 
equipment is apt to be damaged by sand and 
dust. 

The tropical environment comprised of 
high temperature and excessive humidity leads 
al! other environments in its destructive effect 
on materiel. This environment encourages and 
accelerates the growth of fungi and bacteria, 
and the corrosion process. The physical strength 
and electrical properties of materials are af- 
fected adversely, and the actual functional per- 
formance of materiel is impaired. 

Salt air and salt water comprise another 
natural environment to which materiel may be 
exposed. This environment generates problems 
similar to the tropical environment, less the 
fungous problem. The principal effect is severe 
corrosion. Typical failures are loss of mechan- 
ical strength, alteration of electrical properties, 
and interference with functional performance. 

3-4.3.2  Induced Environments 

Extreme induced environments that may 
affect materiel derive from transportation, han-' 
dling, storage, and the operational environment, 
which may include combat. Transportation and 
handling cause materiel to be subjected to shock 
and vibration. Normally, the effects of excessive 
shock are obvious visually in all assemblies ex- 
cept those that consist of or incorporate ord- 
nance devices, or when materials have been 
stressed beyond yield points, but are not broken. 
Typical effects are broken wires and solder 
joints, dislocated components, bent or broken 
brackets and supports, cracked materials, and 
physically deformed components. Typical effects 
on ordnance items are deformation, separation, 
and cracking of the propellant grain or charge. 
Excessive vibration can result in similar dam- 
age, and in addition can cause material fatigue. 
Items in storage, particularly in unprotected 
storage, are subject to failure modes identical 

to those  described  for natural  environments, 
and also may fail due to aging. 

The use of materiel in combat can result 
in its exposure to all of the foregoing environ- 
ments, and to hostile action. Previously de- 
scribed effects will be aggravated, because 
maintenance, particularly preventive mainte- 
nance, is apt to be neglected. Combat also can 
generate some unique problems since chemical 
agents and nuclear radiation may be encoun- 
tered. Chemical aerosols in sufficient concen- 
trations could cause corrosion, and extreme nu- 
clear radiation could render electronic materiel 
inoperative and make mechanical materiel ra- 
dioactive. In general, materiel will survive in 
any chemical or radioactive environment in 
which personnel can survive. In such circum- 
stances, materiel decontamination and person- 
nel protection must be considered in addition 
to normal maintenance. 

Electronic components, because of their 
physical structure and the manner in which 
they are assembled, will fail structurally more 
quickly than mechanical components when ex- 
posed to equally severe transportation and han- 
dling environments. Electronic components also 
are sensitive to natural environments. Failures 
in typical components that may result when 
they are exposed to several environmental pa- 
rameters are shown in Table 3-4. 

3-4.3.3   MaintenanceEngineering Actions 

Design engineering, which has the final re- 
sponsibility for materiel design, is knowl- 
edgeable of extreme environments more from 
an academic and test laboratory point of view 
than from field experience. On the other hand, 
maintenance engineering should have first-hand 
experience with field environments, the main- 
tenance problems that are generated, and with 
concepts and designs that have worked and 
those that have not. The most important steps 
that maintenance engineering can take to in- 
fluence design properly are first to insure that 
proper concepts are selected (full tracks, half 
tracks, or wheels, for example), and then to 
imp art .all relevant field experience and recom- 
mendations to design engineering before design 
is initiated. 
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TABU 3-4.   EFFECTS CF ENVIRONMENTAL PARAMETERS ON ELECTRONIC COMPONENTS 

Capacitors 

Ceramic 

Tantalum 

Increased lead breakage;        Lead breakage; piezoelectric   Changes in dielectric con- 
piezoelectric effect; body and  effect; body and seal break-    slant and capacitance 
seal breakage a«e 

Opens; shorts; current 
surges; lead breakage 

lowered insulation resistance 
with high temperature 

Opens; lead breakage Electrolyte leakage; change    Decreased insulation resist- 
in capacitance; insulation re-  ance; increased dielectric 
sistance; series resistance        breakdown; increase in 

shorts 

Corrosion; shorts 

Corrosion 

Decreased capacitance; 
silver-ion migration 

Electrolyte leakage, de- 
creased insulation resistance; 
increase in shorts 

Crystals Opens Opens Drift; microphonics Drift Drift 

Resistors Lead breakage; cracking Cracking; opens Change in resistance; opens;    Change in resistance; shorts;   Change in resistance; lead       Change in resistance 
shorts opens corrosion 

Semiconductors: 

Diodes 

Integrated circuits and 
hybrid devices 

Transistors 

Opens 

Shorts; intermittents 

Opens; functional dis- 
integration 

Shorts; opens 

Opens; seal breakage 

Change in voltage break- 
down; increased current 
leakage; increase in opens 
and shorts 

Opens 

Increased current leakage        Corrosion of lead and case       Increased current leakage 

Opens; performance degrada- Corrosion; opens 
tion 

Increased leakage current; Increased leakage current; 
changes in gain; increases in decreased current gain. If 
opens and shorts sealed, no effect 

Increased leakage current; 
decreased current gain. If 
sealed, no effect 

Shorts; opens, performance 
degradation 

Seal leakage; changes in pa- 
rameters 

Thermistors Lead breakage; case crack-     Lead breakage; case crack- 
ing; open circuit ing; open circuit 

Increased shorts and opens     Change in resistance Lead corrosion; change in re-  Change in resistance 
sistance 

Tubes, electron Opens; shorts; microphonics;   Opens; shorts; changes in 
loosening of elements; characteristics 
changes in Characteristics 

Shorts; temporary change in   Change in characteristics; 
characteristics; formation of   leakage path; arcing 
leakage paths; increased con- 
tact potential; shortening of 
heater life; gassiness; bulb 
puncture 

Shorts; corrosion; leakage 
path; arcing 

Change in characteristics; 
leaks; gassiness 
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As design progresses, maintenance engi- 
neering reviews specifications, drawings, hard- 
ware, and test data to insure that environmen- 
tal factors are receiving proper consideration. 
If the materiel is to be deployed worldwide, the 
ability of the materiel to withstand the full 
gamut of natural and induced environments is 
evaluated. Proper materials, finishes, shock 
mounting, and containers can eliminate or re- 
duce potential corrosion, shock, vibration, 
fungous, temperature, and humidity problems. 
Proper mechanical design will assist with ice, 
snow, and sand problems. Equally important, 
the ability of personnel to use the proposed sup- 
port equipment and to perform effective main- 
tenance is evaluated. Shelters are a prime re- 
quirement in extreme environments, and sup- 
port materiel also must be environmentally rug- 
ged. 

3-4.4   LIFE CYCLE MAINTENANCE 

Design is a source of maintenance require- 
ments, and maintenance requirements are the 
source of support requirements and costs. De- 
sign is also a source of materiel acquisition 
costs. The maintenance engineering respon- 
sibility to establish design requirements that 
will result in lowest materiel life cycle costs 
(acquisition plus life cycle support) is accom- 
plished by trading off design alternatives that 
eliminate or reduce maintenance requirements 
and establishing the indicated design require- 
ments. The trade-offs are conducted throughout 
the materiel life cycle, but are most prevalent 
during the conceptual, validation, and early 
full-scale development phases. 

There are various design approaches that 
will result in elimination or reduction of main- 
tenance requirements. These cover a broad 
spectrum, ranging from the extreme of no 
maintenance through designs that require vary- 
ing degrees of maintenance. No maintenance is 
a quantitative term, which means that no main- 
tenance will ever be performed at any main- 
tenance level throughout the materiel life cycle. 
Reduced maintenance is a qualitative term that 
is meaningful only when a comparison is made 
between two design approaches. If one acknowl- 
edges the fact that even the simple act of 
replacing a flashlight battery is maintenance, 
it is unreasonable to anticipate the complete 
elimination  of any  appreciable portion of the 

maintenance requirements for complex 
materiel. On the other hand, there are many 
ways to reduce these requirements. 

A design feature that incorporates no 
maintenance always has a favorable impact on 
support requirements and, if it does not in- 
crease acquisition costs when compared to any 
other design approach, is an instant winner. If 
the feature does increase acquisition costs, a 
decision must be preceded by calculations of 
support costs for alternate approaches that do 
require maintenance. If both acquisition and 
support costs, or the differences between them, 
are relatively insignificant, the no-maintenance 
approach should be selected even if it appears 
to cost more. Life cycle costing is not an exact 
science, whereas the positive effects of no main- 
tenance are self-evident. If there is any rea- 
sonable chance that a no-maintenance design 
will evolve into one that requires maintenance, 
it should be avoided. The support impact of hav- 
ing to perform unplanned maintenance on 
deployed materiel is self-evident. 

Three basic ways to reduce maintenance 
are to extend the time between maintenance 
actions, reduce the time to perform mainte- 
nance actions, and discard rather than repair 
failed subassemblies or assemblies. The time be- 
tween maintenance periods can be extended by 
increasing reliability in the case of materiel 
subject to random failures, or by selecting im- 
proved components in the case of items subject 
to wearout. An example of the former is an 
electronic component, and of the latter, a sealed 
bearing that will require servicing or replace- 
ment one or more times during the life of the 
materiel. Normally, an increase in reliability 
will adversely and sometimes significantly im- 
pact acquisition costs, and will favorably impact 
all support resource requirements, except in 
some cases, a reduced number of highly reliable 
repair parts may cost more than a greater 
number of less reliable parts, The extension of 
time between servicing or replacement of items 
is of particular importance when large quan- 
tities of materiel are deployed. 

Once operational availability requirements 
have been satisfied, there is little opportunity 
to reduce support costs at the organizational 
level by reducing the time required to perform 
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corrective maintenance. In this case, all nec- 
essary support resources are in place to correct 
random failures, and large differences between 
average maintenance times such as 1 hour 
versus 2 hours normally will not permit a re- 
duction in organizational support assets. The 
opposite is true for scheduled organizational 
maintenance and all maintenance performed by 
higher maintenance levels. All of this mainte- 
nance is scheduled, and an appreciable reduc- 
tion in maintenance times normally will permit 
a reduction in all support resources except re- 
pair parts. 

Possibly the most common way to reduce 
maintenance requirements for electronic 
materiel is to replace and discard failed mod- 
ules. The support advantages of such an ap- 
proach are numerous. The only requirements 
at the organizational level are personnel, min- 
imum publications, simple tools, a fault isola- 
tion system, and repair parts. At higher levels, 
nothing is required except repair parts, supply 
management, transportation, and support for 
the organizational support equipment. Normal- 
ly, materiel acquisition costs and repair parts 
costs for this approach will increase, and the 
costs for all other support resources will de- 
crease. 

Sometimes it is feasible to delay discard- 
at-failure versus maintenance decisions until 
some field failure data are available. Such an 
approach is recommended as a last resort, since 
a discard-at-failure decision early in the devel- 
opment phase is necessary to permit acceptance 
of favorable materiel design features that nor- 
mally cannot be incorporated otherwise. How- 
ever, if a discard-at-failure decision cannot be 
made during early development, the deferred 
decision approach should be considered when: 

a. Materiel mission effectiveness will not 
be adversely affected. 

b. There is a high probability that usage 
data will support a discard-at-failure concept. 

c. The cost avoidance potential is signifi- 
cant. 

As an example of when a deferred decision 
is feasible, consider a high-density, helicopter- 
launched missile that either must be discarded 
at failure or repaired at a depot. Regardless 
of the maintenance concept, the missile will be 

subjected to a go/no-go test before being loaded 
on a helicopter. The predicted reliability for the 
missile is quite high, and studies show that, 
during the planned life cycle of the missile, it 
is significantly more economical to discard the 
few failed missiles anticipated than to establish 
a depot repair capability through the procure- 
ment of tools, test equipment, repair parts, 
technical documentation, etc. On the other 
hand, if the predicted reliability is not attained, 
cost-effectiveness considerations dictate depot 
maintenance. In such a situation, a decision can 
be deferred by deploying the missile for a period 
of time (a year or more depending upon the 
length of the production program) and storing 
all units that fail. At the end of this time, 
if the predicted reliability is achieved, a firm 
discard-at-failure policy is established and the 
stored, failed missiles are salvaged. If the high 
reliability is not achieved, a depot maintenance 
capability is planned and implemented. Interim 
factory maintenance is provided, if necessary. 

It is possible safely to defer a maintenance 
decision in the assumed example because the 
program involves a large number of missiles 
with an expected high degree of reliability. 
Even if the predicted reliability is not attained, 
it is reasonable to believe that the reliability 
realized will not fall so far short of the pre- 
dicted reliability that operational requirements 
cannot be met with the large stockpile of mis- 
siles that exists. This approach cannot be used 
safely with a low-density system. In such a 
case, there is no stockpile of items from which 
to draw while usage data are being acquired. 
A significant number of unrepaired failures will 
place the system in a nonoperationally ready 
status, and it will remain in this status until 
a maintenance and supply capability is estab- 
lished. 

3-4.5   PERSONNEL TRAINING REQUIREMENTS 

Deployed materiel normally generates re- 
quirements for personnel to operate and main- 
tain it. Operators, by definition, exist only at 
the organizational level. Depending upon the 
maintenance concept, maintenance personnel 
may exist at any of the maintenance levels. 
The required skill levels for operators and main- 
tenance personnel depend upon the complexity 
of the functions they must perform. Functional 
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complexity depends upon materiel design. Main- 
tenance engineering evaluates design for its im- 
pact on skill level requirements, and requests 
appropriate changes. 

Many benefits accrue when qualitative per- 
sonnel requirements are reduced. Personnel are 
in short supply, and the number capable of be- 
ing trained for high skill tasks comprises only 
a small percentage of the total. This means that 
it is not feasible to deploy materiel that re- 
quires undue quantities of highly skilled per- 
sonnel. Training requires the diversion of poten- 
tial operators and maintenance personnel to the 
instructor role, takes time, consumes resources, 
and the higher the required skill level, the more 
comprehensive the training must be. Finally, 
during the materiel life cycle, personnel costs 
comprise the largest single element of operating 
and maintenance costs, and the higher the skill 
level, the greater the costs will be. 

Required skill levels are directly propor- 
tional to the complexity of personnel functions 
that must be performed, and are frequently in- 
versely proportional to materiel complexity. 
Consider operators for an antiballistic missile 
weapon system and a tactical missile weapon 
system. Once a decision is made to initiate an 
antiballistic missile mission, subsequent re- 
quired operator functions are beyond human 
capabilities. Consequently, most operator tasks 
are eliminated by the use of a computer and 
automatic circuit switching. If some malfunc- 
tion does occur, about the only thing an op- 
erator can do is to observe an indicator light 
and initiate a new automatic sequence of 
events. 

Contrast the foregoing with the role of the 
tactical missile system operator. Here, the op- 
erator participates in calculating firing data, 
observing countdown progress, and, in the event 
of difficulties, applying judgment and ex- 
perience to the solution of problems. This op- 
erator can affect the success of a mission to 
the degree that he can cause an unsuccessful 
mission when all materiel is operating perfectly. 
This example cannot be concluded with the 
statement that the antiballistic missile system 
operator is of a lower skill level or requires 
less training than the other operator, because 
responsibility enters the picture. However, it 
does demonstrate the fact that complex materiel 
need not result in complex operator tasks. 

Operator tasks are eliminated when dic- 
tated by mission requirements, or when a life 
cycle cost savings can be demonstrated by re- 
quiring materiel automatically to accomplish 
functions that can be performed by personnel. 
The complexity of the remaining tasks is re- 
duced by applying good human factors prin- 
ciples. Maintenance engineering should work 
closely with training and human factors per- 
sonnel to insure that an optimum balance exists 
between materiel and personnel functional re- 
quirements, and that those functions assigned 
to personnel are not unduly complex. 

Maintenance tasks are eliminated at some 
maintenance levels for the same reasons and 
in the same way as operator tasks. However, 
unlike operator tasks, maintenance tasks 
eliminated at the organizational level frequently 
remain to be accomplished elsewhere. Electron- 
ic end items such as communication sets, 
radars, computers, missiles, and gun laying 
equipment are a part of many types of Army 
materiel. These items are becoming so complex 
that manual troubleshooting is not feasible. 
Consequently, some type of automatic fault 
isolation to an assembly or subassembly is ac- 
complished, and the defective item is removed 
and replaced. Note, however, that unless the 
removed item is discarded, the fault isolation 
functions eliminated at the organizational level 
must be performed at some other maintenance 
level. Note also that even with a highly reliable 
and completely automatic fault isolation capa- 
bility and a policy to discard all failed items, 
highly skilled maintenance personnel must be 
retained somewhere in the support subsystem 
to repair materiel when the fault isolation 
equipment fails. In short, the elimination of 
electronic maintenance functions at the orga- 
nizational level normally will result in increased 
maintenance skill requirements at some other 
maintenance level, but quantitative require- 
ments will be reduced. 

The complexity of maintenance tasks can 
be reduced by the application of good main- 
tainability principles. The complexity of elec- 
tronic maintenance usually results from fault 
isolation requirements, accessibility, and pack- 
aging. On the other hand, mechanical and hy- 
draulic maintenance complexity derives in large 
part only from accessibility and packaging. The 
use of automatic fault isolation was discussed 
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as a means of eliminating electronic mainte- 
nance functions. This same technique, coupled 
with good accessibility and packaging, sim- 
plifies electronic maintenance at all mainte- 
nance levels. Good accessibility and packaging 
alone will do the same for mechanical and hy- 
draulic maintenance. 

This discussion has concerned itself with 
materiel systems. Maintenance requirements for 
some components, subassemblies, etc., can be 
eliminated by substituting items which will not 
fail and which require no servicing. Generally, 
this will not result in a reduction of mainte- 
nance skill and training requirements because 
skilled personnel are required to maintain the 
remainder of the system. It does impact main- 
tenance time requirements and perhaps quan- 
titative personnel requirements. 

3-4.6  SAFETY 

Materiel is safe when it is free from those 
hazards that can cause injury or death to per- 
sonnel and damage or loss of equipment and 
property. Equipment incorporating the ultimate 
in safety would pose no hazard to personnel 
and would not be subject to any hazard as a 
result of operation and maintenance. Even the 
best design principles and test procedures can- 
not eliminate all hazards. Inasmuch as hazards 
cannot be completely designed out of systems, 
it is imperative that those that remain be rec- 
ognized and measures taken to minimize their 
danger. 

The broad concept of safety begins with 
basic materiel research in the laboratory, and 
is emphasized particularly during the research 
and development phase. The safety of materiel 
is proven by specialized development and func- 
tional and engineering testing. During manu- 
facture of the end products and in packaging 
and delivery to the user, safety consciousness 
is never forgotten. Consideration in the early 
stages of design reduces the number of mod- 
ifications required to correct deficiencies, facil- 
itates production, improves operational effec- 
tiveness, and assures materiel safety to the 
user. The safety of materiel, therefore, must 
first be initiated in a well-conceived design and 
must be followed throughout the detailed design 
stages to assure that the safety of the system 
is "designed in". 

Safety precautions designed into equip- 
ment are necessary usually as safeguards to 
lapses of attention. If a mechanic must divert 
attention from his task to be intent on observ- 
ing safety precautions, the remainder of his 
attention may be inadequate for doing his job 
well; it will certainly take him longer to do 
the job. Safety measures, therefore, should take 
into account behavior liabilities such as those 
mentioned. 

The design of any equipment must embody 
features for the protection of personnel and 
materiel from electrical and mechanical hazards 
and, also, from those dangers that might arise 
from fire, elevated operating temperatures, tox- 
ic fumes, etc. There are various methods for 
incorporating adequate safeguards, many of 
which are implicit in routine design procedures. 
Certain procedures, design practices, and re- 
lated information are of such importance as to 
warrant special attention. Mission effectiveness 
suffers when personnel are injured or materiel 
is damaged. 

Maintenance work, so vital to the suc- 
cessful operation of any item of equipment, is 
of greater import when military materiel is in- 
volved. During routine scheduled and special 
maintenance, the "designed in" safety of the 
system must not be jeopardized. Each operation 
must be questioned for the possibility that the 
work, the change, the redesign, and/or the work 
order, when accomplished, will in any way re- 
flect adversely on the capability, reliability, and 
safety of the system. In addition, continued haz- 
ard evaluation, based on engineering data and 
scientific observation, together with actions de- 
signed to minimize control or protect against 
these hazards, is necessary. Maintenance work, 
therefore, must be considered in the light of 
maintaining the integrity of weapon and end 
product safety. 

Some potential safety hazards that main- 
tenance engineering should eliminate or control 
to insure adequate protection to personnel and 
materiel are toxic gas sources, electrical shock, 
fire and radiation sources, high noise levels, 
moving mechanical assemblies, and protruding 
structural members. For example, fuels, engine 
exhausts, and hydraulic fluids generate fumes 
that  are toxic in varying concentrations, and 
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can be encountered during operation and main- 
tenance of several types of Army materiel. 
Maintenance engineering insures that materiel 
design, transportation, handling and storage 
plans, maintenance facilities, support equip- 
ment, and technical publications preclude any 
exposure of personnel to dangerous concentra- 
tions of these and other toxic fumes. 

3-4.6.1   Safety Considerations of the Electrical 
System 

Electrical and electronic materiel must be 
designed to eliminate or minimize the possi- 
bility that operators and maintenance personnel 
will be injured or will damage materiel acciden- 
tally while performing their functions. The 
materiel also must be designed to protect itself 
from.further damage when a component 
malfunctions. Several potential sources of 
serious personnel injuries are electrical shock 
and burns, radiation, implosions, explosions, ro- 
tating or oscillating components, and pro- 
truding structural members. The major sources 
of materiel damage are failed components, such 
as insulating materials, that result in excessive 
heat-ing, including fires, and component over- 
loads that stress the components beyond the 
point of failure. 

3-4.6.7.1   ElectriculShock (Ref. I) 

The principal contingency to guard against 
is shock. Even a small shock is dangerous. 
Burns or nervous system injuries are not the 
only possible effects; equipment damage and ad- 
ditional physical harm to personnel can result 
from the involuntary reactions that accompany 
electrical shock. 

Potentials exceeding 50 V rms are possible 
electrical shock, hazards. Research reveals that 

most deaths result from contact with the 
relatively low potentials, ranging from 70 to 500 
V, although, under extraordinary circum- 
stances, even lower potentials can cause injury. 
Many severe injuries are not directly caused 
by electrical shock, however, but by reflex ac- 
tion and the consequent impact of the body 
with nearby objects. 

The effect of electrical shock depends upon 
the resistance of the body, the current path 
through the body, the duration of the shock, 
the amount of current and voltage, the frequen- 
cy of the current, and the physical condition 
of the individual. The duration times of short 
electrical shocks that possibly could cause heart 
attack are listed in Table 3-5. 

The danger to personnel from electrical 
shock should be avoided by suitable interlocks, 
grounding means, enclosures, or other protec- 
tive devices. Some contact with electrical poten- 
tials can be expected wherever maintenance 
personnel, by the very nature of their duties, 
are exposed to live terminals. Both shocks and 
burns, however, can be minimized by greater 
care in design, and by a better understanding 
of electrical characteristics. 

3-4.6.1.2 Prevention of Electricul Shock (Ref. I) 

There are several methods of attaining 
adequate personnel protection, such as enclos- 
ing the components and providing access-door 
safety switches operated either by door pressure 
or by a locking mechanism, automatic operation 
of the main equipment switch when the door 
is opened, and automatic grounding of compo- 
nents when the unit is opened for access to 
the components. The primary methods of elec- 
trical shock prevention are described in the fol- 
lowing paragraphs. 

TABLE 3-5.   POSSIBLE HEART ATTACK FROM SHORT ELECTRICALSHOCKS 

Duration, 
sec 

Alternating Current, mA 

Direct Current, 
mA 60 Hz 10,000 Hz 

0.03 

3.00 

1300 

500 

1000 

100 

1100 

500 
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a. Safety Markings. Markings should be 
provided to warn personnel of hazardous con- 
ditions and to highlight the precautions that 
must be observed to insure safety of personnel 
and equipment. 

Warning  signs marked CAUTION—HIGH 
VOLTAGE or CAUTION VOLTS should be 
placed in prominent positions on safety covers 
and access doors, and inside equipment wher- 
ever danger might be encountered. These signs 
should be durable, easily read, and placed so 
that dust or other foreign matter will not, in 
time, obscure the warnings. Because signs are 
not physical barriers, they should be relied on 
only if no other method of protection is feasible. 
Electrical equipment should be marked, as re- 
quired, in accordance with the National Electric 
Code. 

b. Safety Color. The predominant color of 
equipment designed for safety, protective, or 
emergency purposes should be in accordance 
with Federal standards. 

c. Safety Warming Devices. Suitable bells, 
horns, vibration devices, lights, or other signals 
should be provided and located where they may 
be easily and obviously sensed by personnel re- 
quired to take corrective action. Multiple safety 
installations should be installed when required. 

d. Safety Switches. Three types of safety 
switches that can be used to prevent electrical 
shock are interlocks, battleshort switches, and 
main power switches. Each type is described 
separately in the following paragraphs: 

(1)Interlocks. A switch that automat- 
ically opens the power circuit when an access 
door, cover, or lid of a piece of equipment is 
opened is a simple safeguard. When the equip- 
ment must be worked on with the power on, 
interlocks must be provided with some means 
for closing the circuit when the door is opened. 
In this case, visible means must be provided 
to show that danger exists. 

Interlock switches are used to remove pow- 
er during maintenance operations. Each cover 
and door providing access to potentials greater 
than 40 V should be equipped with interlocks. 
Interlock systems should also be provided to 
ground capacitors having a discharge time 
greater than 5 sec when the enclosure is opened. 

An interlock switch ordinarily is wired in 
series with one of the primary service leads 
to the power supply unit. It is usually actuated 
by a removable access cover, thus breaking the 
circuit when the enclosure is entered. When 
more than' one interlock switch is used, the 
switches are wired in series. Thus, one switch 
might be installed on the access door of an 
operating subassembly and another on the dust 
cover of the power supply. 

Because electronic equipment often must 
be serviced with the power on, a switch en- 
abling maintenance personnel to bypass the 
interlock system should be mounted inside the 
equipment. The switch should be located so that 
reclosing of the access door or cover automat- 
ically restores interlock protection. Also, a 
panel-mounted visual indicator such as a neon 
lamp should be provided, as well as a suitable 
nameplate to warn personnel when interlock 
protection is removed. 

(2) Battle-short Switch. A battle-short 
switch, or terminals for connection of an ex- 
ternal switch, should be provided to render all 
interlocks inoperative. The panel-mounted or 
remotely controlled battle-short switch is des- 
ignated for emergency use only. The circuit con- 
sists of a single switch, wired in parallel with 
the interlock system. Closing the battle-short 
switch places a short circuit across all interlock 
switches, thus assuring incoming power regard- 
less of accidental opening of the interlock 
switches. 

(3) Main Power Switch. Each equip- 
ment should be furnished with a clearly labeled 
main power switch that will remove all power 
from the equipment by opening all leads from 
the main power service connections. Main power 
switches equipped with adequate safeguards 
protect against possible heavy arcing. 
Safeguards such as barriers, which shield fuses 
and conducting metal parts, and protective 
devices, which prevent opening the switch box 
with the switch closed, should be provided as 
protection for personnel. Switches incorporating 
such safeguards are standardized, commercially 
obtainable equipment. 

e. Discharging Devices. Discharging 
devices to discharge high-voltage circuits (in- 
cluding  contactable  surfaces of cathode-ray 
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tubes) and capacitors should be provided unless 
the devices discharge to 30 V within 2 sec or 
less. These protective devices should be positive 
acting and highly reliable, and should actuate 
automatically when the case or rack is opened. 
The use of shorting mechanisms or bleeder re- 
sistances actuated either by mechanical release 
or by an electrical solenoid when the door or 
cover is open should be considered. 

f. Grounding. Various grounding tech- 
niques are used to protect personnel from dan- 
gerous voltages in equipment. All enclosures, 
exposed parts, and chassis should be maintained 
at ground potential, using the same common 
ground. 

Specifications for the reduction of elec- 
trical noise interference should be consulted to 
determine the maximum permissible resistance 
of a grounding system. Reliable grounding sys- 
tems should be incorporated in all electronic 
equipment. Enclosures and chassis should not 
be used as electric conductors to complete a 
circuit because of possible intercircuit interfer- 
ence. 

g. Powerlines. Safety considerations 
should not be confined to high-voltage ap- 
paratus. It is important that attention be given 
to the hazards of powerlines. Severe shocks and 
serious burns are known to result from per- 
sonnel contacting, short-circuiting, or grounding 
the incoming lines. Both sides of the powerlines 
and all branches should be fused to prevent 
a main powerline malfunction caused by a 
transformer or motor failure that would result 
in grounding of the primary supply line. 

3-4.6.1.3  Radiation Hazards 

Electrical and electronic materiel may pro- 
duce electromagnetic radiation that is hazard- 
ous to personnel and to other materiel. This 
energy may be radiated as the output of an 
end item, such as radiation from a radar, or 
may be associated with components or assem- 
blies within the materiel. 

Personnel exposure to more than 10 mW 
per cm2 of microwave radiation energy should 
be prevented. Attenuation devices should be 
used to control radiation from components and 
assemblies to this level. Hazardous exposure to 
radiation  from radars   is prevented  by  strict 
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adherence to proper operating and maintenance 
procedures. 

Certain devices, such as traveling-wave 
tubes, use intense magnetic fields that may be 
hazardous to personnel. Such devices whose 
fields exceed 1000 gauss should be equipped 
with interlock switches to protect maintenance 
personnel. When fields exceed 1000 gauss and 
a personnel exposure potential exists, all remov- 
able protective devices should be placarded with 
warnings that identify a magnetic field hazard 
and specify an allowable exposure period. Ex- 
posure in fields up to 5000 gauss is limited to 
3 days per man-year, and between 5000 and 
15,000 gauss, to 15 min per man-year. 

The exposure of materiel to radiofrequency 
energy can result in damage to or destruction 
of components and subsystems, or merely result 
in degraded operation. Missiles shipped with in- 
stalled electroexplosive devices pose a particular 
problem since the devices are susceptible to 
radiation initiation. In some design applications, 
initiation of the device may result in propellant 
ignition or detonation of explosives, and in oth- 
ers, in activation of a battery or similar device.. 
The end result is at worst an explosion, and 
at best a maintenance task. A basic way to 
protect materiel from radiofrequency energy is 
by shielding. 

3-4.6.1.4  Implosion and Explosion (Ref. I) 

Equipment that may be operated, main- 
tained, or stored in an explosive atmosphere 
should be designed so as to eliminate the pos- 
sibility of an explosion. All electrical equipment 
that will be used in the vicinity of flammable 
gases or vapors should be explosion-proof, Dan- 
ger to personnel from an explosion should be 
avoided by separation of hazardous substances 
from heat sources and by incorporation of spark 
arrestors, suitable vents and drains, and other 
fire prevention measures. 

The cathode-ray tube is a special hazard, 
in that physical damage can result from 
implosion. If the tube is accidentally nicked or 
scratched, resultant implosion might not occur 
until days later. The tube face, therefore, should 
be shielded by a shatterproof glass attached to 
the panel. Signs warning personnel that the 
neck of the tube is easily broken and must be 
handled with caution should be posted inside 
the equipment. 
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The terminal end of cathode-ray tubes 
should be located within the equipment housing 
whenever possible. If the terminal end does ex- 
tend outside the equipment housing, a strong 
cover for the tube should be provided. The cover 
should be anchored firmly to the main structure 
of the housing to withstand shipping damage 
and rough handling and to prevent external 
pressures from being exerted on the wires and 
terminal end of the tube. 

3-4.6.1.5  Mechanical Hazards (Ref. I) 

Shields and guards should be made part 
of the materiel to prevent personnel from ac- 
cidentally contacting rotating or oscillating 
parts such as gears, couplings, levers, cams, 
latches, or heavy solenoid equipment. Moving 
parts should be enclosed or shielded by guards. 
When such protection is not possible, adequate 
warning signs should be provided. High- 
temperature parts should be guarded or located 
so that contact will not occur during normal 
operation. Guards should not prevent the in- 
spection of mechanisms, the failure of which 
will cause a hazardous condition. Guards also 
should be designed to permit inspection without 
removal whenever possible. 

When access to rotating or oscillating 
parts is required for maintenance, it might be 
desirable to equip the protective covers or hous- 
ings with safety switches or interlocks. The cov- 
er or housing should bear a warning sign word- 
ed: 

CAUTION 
KEEP CLEAR OF ROTATING PARTS 

Ventilation should be provided so that no 
part or material attains a temperature that will 
tend to damage or appreciably reduce its nor- 
mal useful life. No exposed parts of the equip- 
ment should, under any condition of operation, 
attain temperatures hazardous to personnel. 
Forced air may be used for cooling if replace- 
able, renewable, or cleanable dust filters are 
installed. Air exhaust openings should not be 
located on front panels or other locations that 
expose personnel to direct drafts. 

Some housings, cabinets, and covers re- 
quire the use of perforations to provide air 
circulation. The size of the perforations should 
be limited to 0.5 in. High-voltage, rotating, or 
oscillating components  within   should  be  set 

back from the perforated surface far enough 
to prevent accidental contact by personnel. If 
this cannot be done, the size of the perforations 
should be reduced. 

Electronic chassis in their normal installed 
positions should be securely enclosed. Stops 
should be provided on chassis slides to prevent 
the chassis from being pulled out too far and 
dropped. Suitable handles or similar provisions 
should be furnished for removing chassis from 
enclosures. Bails or other suitable means should 
be provided to protect parts when the chassis 
is removed and inverted for maintenance, and 
to protect the hands as the chassis is placed 
on the bench. 

Projecting edges, protrusions, rails, or cor- 
ners on which personnel might injure 
themselves should be avoided. When such pro- 
trusions are unavoidable, bumper guards and 
covers should be provided. These should be of 
materials that are not susceptible to climatic 
damage, and should be firmly attached to last 
the lifetime of the equipment. 

3-4.6.1.6   Overload Protection (Ref. I) 

Protective devices should be provided 
within equipment for primary circuits and other 
circuits, as required, for protection from dam- 
age due to overload and excessive heating. Any 
part likely to carry an overload due to malfunc- 
tion of circuits, poor adjustments, antenna or 
tube casualty, or other deleterious effects 
should be designed to care for such an overload. 
When this is impractical, circuit breakers, 
relays, fuses, or other devices should be includ- 
ed to protect the affected parts. 

Additional design considerations are as fol- 
lows: 

(i. Fuses (or circuit breakers) should be 
provided so that each unit of a system is sepa- 
rately fused and adequately protected from 
harmful powerline variations or transient volt- 
ages. 

b. Fuses should be located on the front 
panel of the unit where they can be seen and 
replaced without removing other parts. Fuses 
should not be located inside the equipment. 

c. Fuses should be grouped in a minimum 
number of central, readily accessible locations 
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and should be replaceable by the equipment op- 
erator whenever possible without the use of 
tools. 

d. Spare fuses should be provided and lo- 
cated near the fuseholder, and labels adjacent 
to the fuseholder should provide both fuse value 
and function. (If space is limited, the fuse value 
rather than the function should be indicated.) 

e. Fuseholder cups or caps should be of 
quick-disconnect rather than screw-in type, and 
should be knurled and large enough to be easily 
removed by hand. 

/ Fuse installations should be designed so 
that only the "cold" terminal of the fuse can 
be touched by personnel. 

g. When circuit breakers are used, the de- 
sign should be such that the restoring or 
switching device is readily accessible to the op- 
erator. A circuit breaker that gives a visual 
indication when the breaker is tripped and will 
trip even if the switch lever is held in position 
should be selected. Overload or other protective 
devices that do not alter the normal perform- 
ance characteristics of the source or load should 
be provided. The use of protective devices in 
secondary circuits should be held to a min- 
imum. 

Overloads normally result from failed com- 
ponents or insulation failures, both of which 
can cause additional failures in the same equip- 
ment. Other types of damaging overloads can 
result from improper maintenance actions such 
as application of excessive or reversed polarity 
test loads, or improper handling of components. 
Solid-state parts and circuits particularly are 
susceptible to high voltages and high operating 
temperatures. Materiel is protected against 
maintenance damage by design features, but de- 
sign protection must be supplemented with dis- 
ciplined adherence to proper procedures. For ex- 
ample, materiel can be provided with buffered 
test points that keep components from being 
shorted during tests; keyed test point connec- 
tors to insure proper test polarities; and thermal 
switches to preclude overheating during bench 
testing. The test equipment can be designed 
with fail-safe features so that it cannot in- 
troduce abnormal stresses. However, selection 
of test equipment settings is controlled by pro- 
cedures. Component handling is governed total- 
ly by procedures.   For example, metal  oxide 

semiconductor devices are highly susceptible to 
static electron v. Comprehensive procedures ex- 
ist to govern their packaging, shipment, receiv- 
ing, inspection, storage, and handling. If these 
procedures are not observed, the devices prob- 
ably will be damaged. 

3-4.6.1.7 Insulation Materials 

Electrical insulation materials used in elec- 
trical and electronic materiel affect both its 
safety and service life. Serious damage, in- 
cluding fires, can result from electrical shorts. 
Lesser degrees of current leakage can result in 
intermittent materiel operation and a prohibi- 
tive length of time spent in fault isolation. 
Maintenance engineering should insure that 
selected insulation materials will provide max- 
imum service life commensurate with cost and 
safety considerations. 

Selection of the proper type of insulation 
depends upon the natural and induced environ- 
ments to which the materiel will be exposed 
during its life cycle. There are some universally 
desirable insulation features and some unique 
to the proposed application. Desirable features 
independent of application include resistance to 
aging, flame, fungus, and moisture. Desirable 
features dependent upon application include re- 
sistance to oil, gasoline, weathering, ozone, 
sunlight, temperature, abrasion, and radiation. 

Numerous organic and inorganic types of 
insulation material are available, but no single 
type can be rated excellent with regard to its 
ability to resist all environmental parameters. 
Consequently, insulation selection is a complex 
discipline, and maintenance engineering mon- 
itors the selection process. The monitoring is 
best accomplished by listing the natural and 
induced environments for the application in 
question, determining proposed types of in- 
sulation, and evaluating the proposed types by 
using insulation specifications or an author- 
itative design handbook (see Ref. 19). 

3-4.6.1.8  Fire (Ref. I) 

All reasonable precautions should be taken 
to minimize fire hazards. In particular, any ca- 
pacitors, inductors, or motors that are possible 
fire hazards should be enclosed by a noncom- 
bustible material having minimum openings. 
Because many equipments are installed in con- 
fined spaces, materials that can produce toxic 
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fumes should not be used. Finished materiel 
should be checked carefully for verification of 
protective features in the design. Materials that, 
under adverse operating conditions, will liberate 
gases or liquids that are or may combine with 
the atmosphere to become combustible mixtures 
must be avoided. Equipment must be designed 
so that flammable vapors will not be emitted 
during storage or operation. Suitable warnings 
or automatic cutoffs should be provided in case 
such vapors are emitted during operation. 
Equipment should not produce undesirable or 
dangerous smoke and fumes. 

When known fire hazards exist, or may 
be created by the equipment itself, hand- 
operated, portable fire extinguishers must be 
provided. The extinguishers must be located so 
that they are easily and immediately accessible, 
and they must be the type suitable for the type 
of fire most likely to occur in the area. The 
three general classes of fires are as follows: 

Class A. Fires occurring in ordinary com- 
bustible materials —such as wood, paper, and 
rags —which can be quenched with water or 
solutions containing water. 

Class B. Fires occurring in flammable liq- 
uids—such as gasoline and other fuels, solvents, 
greases, and similar substances —which can be 
smothered by diluting, eliminating air, or 
blanketing. 

Class C. Fires occurring in electrical equip- 
ment— such as motors, transformers, and 
switches —which must be extinguished by a non- 
conductor of electricity. 

The classes of fires on which an ex- 
tinguisher may be safely and efficiently used 
are clearly noted on the extinguisher. Some ex- 
tinguishers are approved for multiple classes of 
fires such as A-B-C and B-C. Others may have 
a single classification such as A. An ex- 
tinguisher must not be used on a type of fire 
for which it is not approved, and water must 
not be used on Class B and C fires. 

3-4.7 CONSTRUCTION TECHNIQUES 

The construction techniques that are ap- 
plied to materiel have a significant influence 
on its life cycle maintenance requirements and 
maintainability characteristics. Poor techniques 
will always result in either more frequent main- 
tenance or more time-consuming maintenance, 

and may result in both. Some construction fea- 
tures of particular interest to maintenance en- 
gineering include material selection, component 
protection, test points, provisions for indirect 
testing, bearing selection, lubrication require- 
ments, fixed joints, and self-adjusting compo- 
nents. 

3-4.7.1   Material Selection 

The materials from which materiel is 
fabricated are selected on the basis of many 
considerations. Some of the most important of 
these are weight, strength, cost, adaptability to 
required manufacturing processes, compatibility 
with the operational environment, fire resist- 
ance, and ease of repair. These considerations 
are applicable in varying degrees to all types 
of materiel. The first four fall completely within 
the purview of design and production engineer- 
ing. Maintenance engineering has a monitoring 
responsibility with regard to the others. 

The selected materials should be compati- 
ble with the operational environment. Materials 
should be selected on the basis of their ability 
to resist fungus, corrosion, and any compounds 
such as gasoline and oil likely to be encountered 
because of their application. The ability to re- 
tain the physical properties of flexibility, 
strength, and resilience in extreme tem- 
peratures is important. The materials selected 
for external surfaces must be capable of being 
easily cleaned. In this respect, it should be 
noted that helicopters, tanks, trucks, guns, shop 
vans, etc., are cleaned with steam, water, and 
chemical compounds. 

The requirement for fire-resistant materi- 
als in Army materiel is universal and self- 
evident. Every item of materiel should be as 
impervious to fire as the state of the art and 
economy will permit. There is a constant fire 
potential during operation of virtually any type 
of materiel, and there is always a fire potential 
when materiel is exposed to enemy action. Ma- 
terials that produce toxic fumes when burning 
or overheated should be avoided, and those ex- 
posed to rocket plumes, engine heat, etc., should 
be fireproof. 

The ease with which materials can be re- 
paired is a very important consideration that 
is easily overlooked. Among other consid- 
erations, ease of repair is a function of required 
equipment and skills. When feasible, materials 
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should be selected that can be repaired with 
equipment and skills available at the organi- 
zational level. For example, structural members 
that can be fusion welded with an oxygen 
acetylene torch probably can be repaired by or- 
ganizational maintenance. If electron-beam 
welding is required, the maintenance probably 
would be accomplished at a depot. Material re- 
pairs that require curing or baking in controlled 
temperatures comprise another category of 
maintenance that is beyond the capability of 
the organizational level. 

3-4.7.2   Physical Protection for Components 

Several construction techniques can be 
used to provide physical protection for electrical 
and electronic components. Among the most 
widely used are conformal coating, potting, and 
structural design that controls vibration. 
3-4.7.2.1   Conformal Coating (Ref. 5) 

A discussion of the use, composition, ap- 
plication, maintenance aspects, and safety con- 
siderations of conformal coatings follows: 

a. Usage. Conformal coatings, which are 
liquid organic film-forming materials, are ap- 
plied to electronic components and assemblies 
to provide environmental protection. The ma- 
terial is applied in a continuous layer to con- 
form to the shape of the component or assem- 
bly. The coating protects components from 
fungus, dirt, moisture, salt air, fingerprints, 
etc., and from vibration and shock. The normal 
type of electronic assemblies protected by con- 
formal coatings are printed wiring boards. 

b. Material Types and Application. Many 
different liquid organic film-forming materials 
are used as conformal coatings. The coatings 
vary from simple solutions of organic resins 
that "set" by evaporation of the solvent carrier, 
to chemical curing of two-component materials 
that must be carefully mixed and cured at room 
or elevated temperature. Epoxy, polyurethane, 
and silicone coating materials are widely used 
for military applications. The epoxy resin 
coating materials are only available as two- 
component, chemically curing systems. The 
polyurethane resin coating materials are avail- 
able as two-component, chemically curing sys- 
tems and as one-component systems that cure 
by reacting with either oxygen or moisture in 
the surrounding air. The silicone rubber coating 

materials are available as two-component, 
chemically curing systems, and as one- 
component, chemically blocked systems that 
cure by exposure to moisture in the air. 

The surface of a printed wiring board must 
be cleaned of contaminants such as dust, dirt, 
fingerprints, body oils, and solder flux before 
the conformal coating is applied. Contaminants 
must be removed so that the conformal coating 
will adhere to the board surface and to prevent 
trapping of contamination underneath the con- 
formal coating. Improperly cleaned boards will 
present coating problems and have markedly re- 
duced insulating qualities, especially at elevated 
temperatures or when exposed to humidity. All 
organic conformal coating materials have re- 
duced insulation resistance properties at 
elevated temperatures and in high-humidity en- 
vironments. A combined elevated temperature 
and high-humidity environment will cause the 
greatest insulation resistance decrease. Silicone 
rubber conformal coating materials have the 
best high-temperature insulation resistance 
properties. 

Primers are required generally to provide 
adhesion of silicone coatings and are required 
occasionally for polyurethane coatings. Epoxy 
coatings do not require primers. A thin, 0.001 
to 0.003 in. thick conformal coating applied to 
a properly cleaned assembly will provide ade- 
quate protection from environmental contam- 
ination (dirt, dust, humidity, salt spray, etc.) 
and will provide flashover protection at high 
altitudes (low pressures). Heavier coatings may 
be required to provide mechanical support for 
components not mounted flush to the board sur- 
face. The conformal coating must bridge the 
gap between the component body and the board 
surface, and must attach the component to the 
board so that relative movement cannot occur 
between the component and the board. Com- 
ponents not attached to the board surface can 
experience sufficient movement to cause lead 
fatigue and component failure during exposure 
to vibration and shock environments. Conformal 
coatings should not be depended upon to sup- 
port the heavier or larger components. Such 
components, especially large capacitors that 
have relatively large bodies and small-diameter 
leads, should be filleted or bonded to the board 
surface for adequate support. 
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c. Maintenance Considerations. From a 
maintenance point of view, conformal coatings 
are ideal for components and assemblies that 
are to be discarded at failure. The repair of 
coated items necessitates removal of the coating 
by chemical or mechanical means, and replace- 
ment of the coating after repair. 

d. Safety Considerations. A cancer-suspect 
chemical with the chemical name 4,4' 
-methylene(bis)-2-chloroaniline (common name 
MOCA) is used widely in the preparation of 
conformal coatings. Products containing such 
cancer-suspect chemicals, or carcinogens, must 
be handled in accordance with Public Law 91- 
596, the Occupational Safety and Health Act 
of 1970. It virtually would be impossible for 
field troops to comply with the public law. In 
most cases, alternate materials are available 
which may be substituted for MOCA. Mainte- 
nance engineering should insure that conformal 
coating specifications preclude the use of 
MOCA. 

3-4.7.2.2 Potting (Ref. 5) 

A discussion of the use, composition, ap- 
plication, maintenance aspects, and safety con- 
siderations of potting compounds follows: 

a. Usage. Potting is the embedment of a 
component or an assembly of components in 
a permanent container (pot), using a liquid 
resin that is subsequently cured into a solid. 
Potting provides component and assembly 
protection similar to that described for con- 
formal coating, and is particularly qualified to 
provide mechanical support and electrical in- 
sulation. Additionally, some foam materials are 
used sometimes to insulate components from ex- 
ternal heat sources. 

Potting can generate thermal problems, 
since embedded components can cool only by 
conduction until the heat reaches the potting 
surface, at which time, convection cooling can 
occur. The number of components in a single 
pot, their heat dissipation characteristics, their 
heat tolerance, and the heat transfer charac- 
teristics of the pot in the proposed design must 
be evaluated carefully. 

b. Material Types and Application. There 
are three major types of potting compounds: 
epoxy resin formulations, polyurethane formula- 
tions,   and  room   temperature  vulcanizing 

silicone rubber compounds. Some less frequent- 
ly used types are polystyrene and unsaturated 
polyester formulations. Literally hundreds, and 
perhaps thousands, of possible formulations of 
potting compounds are commercially available, 
with a resulting wide range of physical, ther- 
mal, and electrical properties. 

Epoxy resins, because of their overall ex- 
cellent electrical, mechanical, and physical 
properties, are the most widely used materials 
for potting of electronic modules and other as- 
semblies of electronic components. The basic 
epoxy resin can be almost endlessly modified 
through the use of selected fillers, flexibilizers, 
modifiers, copolymers, and curing agents to 
make literally hundreds of different epoxy 
formulations. The epoxy formulations can vary 
from semiflexible compounds with low physical 
properties to hard, rigid materials with ex- 
ceptionally high-strength properties. Almost all 
of the epoxy potting compounds are two- 
component materials that must be accurately 
mixed and properly cured. Some of the newer 
formulations are one-component materials that 
must be cured at high temperatures. 

Polyurethane resins in the form of light- 
weight foams and as solid elastomers (rubbers) 
are used for potting of electronic modules and 
other assemblies of electronic components. In 
addition, a major usage for the solid 
elastometers is in the potting (molding) of cable 
connector terminations. Compared to the epox- 
ies, very few polyurethane potting compounds 
are used. Basically, the most widely used 
polyurethane foams are in a density range of 
2 to 10 lb per ft3, and the solid elastomer ma- 
terials are almost all compounds without fillers. 
Almost all of the polyurethane potting com- 
pounds (including the foams) are two- 
component materials that must be mixed ac- 
curately and cured properly (however, most of 
the two-component polyurethane elastomers can 
be purchased in frozen, premixed cartridges). 
One-component, high-temperature curing 
polyurethanes now are available commercially. 

Silicone rubbers, seldom used for potting 
of modules and assemblies, are most widely 
used for potting of connectors, high-voltage 
equipment, and high-temperature devices. The 
silicone rubbers vary in hardness, and most but 
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not all of the potting formulations contain fill- 
ers. Almost all of the silicone rubber potting 
compounds are two-component materials that 
must be accurately mixed and properly cured. 
One-component, high-temperature curing 
silicone rubber potting compounds are now com- 
mercially available. One-component, chemically 
blocked materials that cure at room tem- 
perature when exposed to atmospheric moisture 
occasionally are used as potting compounds, 
with depths restricted to a quarter inch or less. 

Potting poses manufacturing problems 
that can be controlled with proper manufac- 
turing processes. One type of problem results 
when, during curing, potting compounds shrink 
and set up stresses that cause embedded com- 
ponents to break. A second problem involves 
improper adhesive bonds between potting com- 
pounds and components. Items to be potted 
must be cleaned in the same manner as items 
that are to be conformal coated (see par. 3- 
4.7.2.1A;. 

c. Maintenance Considerations. Potting is 
used in the great majority of cases to fabricate 
modules that will be discarded at failure. It 
is extremely difficult and expensive to remove 
potting compounds. 

d. Safety Considerations. The carcinogen 
MOCA is used widely in the preparation of 
Polyurethane potting compounds. These potting 
compounds should be avoided (see par. 3- 
4.7.2.1d). 

3-4.7.2.3   Vibration Control 

Vibration is one of the most critical en- 
vironments to which electronic equipment can 
be subjected. Vibration is transmitted through 
the materiel structure into the mounting system 
of the component packages. Such induced vi- 
bration normally will not harm properly de- 
signed equipment if amplification through the 
mounting system is held within reasonable lim- 
its. Because amplification takes place when 
components, housings, and mountings fall into 
resonance, a primary design requirement is to 
determine the critical resonant frequencies of 
the housing and component assembly. The hous- 
ing and internal mounting arrangement must 
be designed so that resonant frequencies of 
housings and of critical internal components 
will  not coincide.   To minimize the effects of 

vibration, materiel  design should be governed 
by the following principles: 

a. Design the housings so that the center 
of gravity is as close as possible to the mount- 
ing surface. 

b. Avoid any large, flat housing wall that 
acts as a diaphragm and amplifies vibration. 
Reinforce housing walls by using internal or 
external fins or ribs, or by adding mounting 
points, to minimize vibration amplification. 

c. Use vibration mounts only when man- 
datory, because of additional problems incurred 
by heat transfer, electromagnetic interference 
bonding requirements, and cable interconnect 
considerations. If vibration mounts are re- 
quired, select a mounting system with a natural 
frequency less than one-third of the critical fre- 
quency of the components to be housed. The 
mounts operate most effectively when installed 
in the plane of the center of gravity of the 
supported object. 

d. When practical, use conformal coating 
or potting to support components and devices 
that would otherwise be subjected to vibration 
stresses. 

e. Design subassembly structures (sub- 
chassis) as mechanically integrated assembly 
load-bearing members, and stiff enough to 
assure that component fragility levels are not 
exceeded. Insure that subassemblies are de- 
signed so that components, modules, and inter- 
connecting devices are not damaged by deflec- 
tions due to shock and vibration. 

3-4.7.3   Test Points (Ref. 1) 

All materiel must be maintained. This 
even applies to discard-at-failure modules, 
which cannot be discarded until their failures 
are ascertained, and this act in itself is main- 
tenance, Therefore, testing provisions that per- 
mit the detection of actual or imminent failures 
must be provided for all materiel other than 
mechanical assemblies, which signal a 
catastrophic failure by an easily interpreted 
change in operating characteristics; e.g., the 
failure of a firing pin in a rifle, or a piston 
rod in an engine. Even in the case of mechan- 
ical equipment, it is highly desirable to have 
some testing method whereby an imminent fail- 
ure can be detected and the item replaced be- 
fore it fails catastrophically. 

3-30 



AMCP 706-132 

Selection of the test methods to be used 
is decided early in the materiel program for 
both mechanical and electronic equipment. The 
decision is based on trade-offs that involve op- 
erational requirements, the items to be tested, 
the types of test equipment that can be used, 
life cycle costs, etc. The physical phenomena 
to be tested will vary widely between electronic 
and mechanical materiel. General types of test 
equipment applicable to either materiel type 
are: 

a. Special-purpose Test Equipment. Test 
equipment designed for a unique use pertaining 
to a particular system. 

b. General-purpose Test Equipment. Test 
equipment usable in different systems; gener- 
ally available as an "off-the-shelf' item in Gov- 
ernment or commercial inventories. 

c. Built-in Test Equipment. Equipment 
that is an integral part of the primary equip- 
ment or system; cannot be readily detached or 
separated from basic equipment. Normally typ- 
ified by "press-to-test" procedures. 

d. Automatic Test Equipment. Equipment 
considered to be separate from the system to 
be tested. Capable of automatically testing and 
evaluating many test parameters by providing 
required input stimuli. 

A final step in implementing test equip- 
ment decisions is to construct materiel with 
adequate test points. The test points must be 
compatible with the test equipment to be used, 
must provide for a connection between the test 
equipment and the phenomena to be measured, 
and must optimize the interfaces among'man, 
test equipment, and test points. 

3-4.7.3.1   Electronic Materiel Test Points 

A test point provides a convenient and safe 
access for examining a significant parameter 
of a circuit in order to facilitate maintenance, 
repair, calibration, and alignment. Strategically 
placed test points provide a technician with a 
practical means of examining the operational 
status of the equipment. 

a. Classification. Test points consist, in 
general, of the following types: 

(Y)Major.  Test points  provided for 
checking the overall performance of and local- 

izing trouble in groups of major electronic or 
electromechanical units. 

(2) Intermediate. Test points provided 
for checking the performance of and localizing 
trouble in equipment groups, major units, and 
subassemblies. 

(3) Minor. Test points provided for 
checking performance of and localizing trouble 
in specific circuits of a major unit or subas- 
semblies. 

(4) Exposed Point. Test point that is 
readily accessible when the equipment is in nor- 
mal operating condition and position. 

(5) Accessible Point. Test point that is 
accessible without the use of tools, but which 
is not exposed. 

(6) Special Point. Test point that is ac- 
cessible only by the use of tools or other special 
means. 

b. Functional Location. The specific test 
points to be used in an electronic system should 
depend upon the operational and tactical de- 
mand placed on the system design, and the spe- 
cial needs of a particular service. The numbers 
and types of test points should be compatible 
with the test instrumentation (built-in or other- 
wise) available at the place of system use, or 
at the maintenance or repair activity. 

The functional locations of test points 
should be fixed by determining from the main- 
tenance procedures the signals that must be 
available to the technician and the points at 
which they must be available. Test points 
should make available those signals that the 
procedures indicate the technician must have 
in order to maintain the system. Their locations 
must be planned into the system for maximum 
effectiveness. 

It should not be necessary to remove any 
assembly from a major component to trouble- 
shoot that assembly. This may require special 
test points on the major components or assem- 
blies. Also, test equipment and bench mockup 
access to the outputs and inputs of each line 
replaceable unit should be provided through 
normal interconnecting plugs whenever possi- 
ble. 

c. Physical Location. The physical loca- 
tions of test points have a marked effect on 
the quality of maintenance. Generally, all test 
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points should be grouped in one area. In some 
cases, previously developed equipment may 
have to be used, or the nature of a signal may 
be such that it does not travel well without 
being altered in the process of transmission. 
The designer should keep in mind that the tech- 
nician needs only an indication that reflects an 
out-of-tolerance condition of the true signal. If 
the indications are checked and recorded during 
engineering tests, they should be adequate for 
field use. This consideration is particularly per- 
tinent in those cases where the wave shape of 
the signal is critical and will tend to change 
in transmission to a test point. 

Test points should be accessible in the par- 
ticular installation. Internal test points should 
be clustered around the portion of the unit that 
will be most accessible when installed. Only one 
adjustment control should be associated with 
each test point, and it should be easily and 
reliably operated. 

d. Arrangement. Selector switches on 
materiel with built-in test equipment, and'test 
points on all other materiel, should provide for 
logical, sequential testing. In the case of test 
points, this is accomplished by their being ar- 
ranged in proper sequence on a panel. 

(X)Built-in Test Unit. An arrange- 
ment built in as part of the installation is most 
desirable for efficient maintenance and trouble- 
shooting. For example, if voltages and wave 
shapes must be checked, the test unit might 
consist of a meter, an oscilloscope, and a rotary 
switch for selecting circuits. If more test points 
are needed than can be handled by a single 
switch, multiple switches can be used. 

(2) Pa'r tial ly Built-in Test 
Unit. Because some oscilloscopes are large, 
heavy, and expensive, it might not be practical 
to design a built-in test unit for each major 
component of a system. An acceptable compro- 
mise is to mount a center-reading meter on 
each major component that can be checked by 
meter, and then provide a set of test jacks as 
an outlet for signals requiring an oscilloscope. 
The rotary selector switch and circuits for this 
arrangement should be designed the same as 
those for the built-in test unit. 

(3) Portable Test Unit. If neither of 
the two previously described arrangements is 
practicable because of space or weight limita- 

tions, an integrated portable test unit resem- 
bling the built-in unit can be designed. A single 
multiprong contact on the end of a cable can 
be used to attach the test unit. 

(4) Built-in Test Panel. If, for some 
reason, none of the previously described 
alternatives is practicable, a test panel can be 
provided on the equipment. With this arrange- 
ment, the outputs of each test point should be 
designed for checking with standard test equip- 
ment, and the points should be planned to pro- 
vide a miniature block diagram of the system, 
with each block representing a line replaceable 
unit. Overlays for the test panel should direct 
the technician to test points he should check, 
and the order in which he should check them. 
In-tolerance signals should be shown on the 
overlays, and test points should be coded on 
the panel, with full instructions provided in the 
maintenance manual in the event the overlay 
is lost. 

(5) Test Points on Replaceable 
Units. If none of the four previously described 
arrangements is practicable, test points for the 
inputs and outputs can be provided on each 
replaceable unit. These should provide for com- 
plete testing in order to avoid the undesirable 
alternative of troubleshooting by part substitu- 
tion. 

e. Labeling. The following design recom- 
mendations should be observed for test point 
labeling: 

(1) Label each test point with a 
number, letter, or other symbol that identifies 
it in the maintenance instructions. 

(2) Label each test point with the in- 
tolerance signal and, if possible, the tolerance 
limits of the signal that should be measured 
at that point. 

(3) Include the name of the unit in the 
label, if possible. 

(4) Consider color-coding test points so 
that they can be located easily. 

(5) Use phosphorescent or chemo- 
luminescent markings on test points, selector 
switches, and meters that might have to be read 
at very low levels of illumination. 

All test point labeling information should 
be completely reflected in technical publica- 
tions. 
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/. Test Point Checklist. Table 3-6 sum- 
marizes some of the important features per- 
taining to the design of test points. The check- 
list contains several items that have not been 
discussed separately in the text. These items 
are included in Table 3-6 because their necessity 
in the design is so obvious that they might 
otherwise be inadvertently overlooked. In using 
the checklist, if the answer to any question is 
no, the design should be restudied to ascertain 
the need for correction. 

3-4.7.3.2   Mechanical Materiel Test Points 

Built-in test equipment has not been used 
as extensively in mechanical, electromechanical, 

hydraulic, etc., equipment as in electronic 
equipment. Built-in test equipment simply was 
not cost-effective with the technology that ex- 
isted. With current technology, the use of built- 
in test equipment in mechanical equip- 
ment-automobiles, for example-is increasing. 

Regardless of whether mechanical test 
equipment is built-in or separate, mechanical 
equipment test points must provide for meas- 
urement of the same parameters. The variety 
of physical phenomena that must be measured 
is extensive. This is demonstrated by Table 3-7, 
which lists typical measurements required for 
the diagnosis of spark ignition and compression 
ignition internal combustion engines. 

TABLE 3-6.  TEST POINT CHECKLIST 

1. Are test points located on front panel 
when possible? 

2. Is accessibility of external test points 
assured under use conditions? 

3. Are test points grouped for accessibility 
and convenient sequential arrangement of 
testing? 

4. Is each test point labeled with name or 
symbol appropriate to that point? 

5. Is each test point labeled with in- 
tolerance signal or limits that should be 
measured? 

6. Are test points labeled with designation 
of the output available? 

7. Are all test points color coded with dis- 
tinctive colors? 

8. Are test points provided in accordance 
with the system test plan? 

9. Are test lead connectors used that require 
no more than a fraction of a turn to con- 
nect? 

10. Are test points located close to controls 
and displays with which they are asso- 
ciated? 

11. Is test point used in adjustment proce- 
dure associated with only one adjustment 
control? 

12. Are means provided for an unambiguous 
signal indication at test point when as- 
sociated control has been moved? 

13. Are test points located so that technician 
operating associated control can read 
signal on display? 

14. Are test points provided for direct check 
of all replaceable parts? 

15. Are fan-out cables injunction boxes used 
for checking if standard test points are 
not provided? 

16. Are test points planned for compatibility 
with the maintenance skill levels involved 
and not randomly located? 

17. Are test points coded or cross-referenced 
with associated units to indicate locations 
of faulty circuits? 

18. Are test points provided to reduce 
number of steps required (i.e., split-half 
isolation of trouble, automatic self-check 
sequencing, minimizing of step retracing 
or multiple concurrent tests)? 

19. Are test points located so as to reduce 
hunting time (near main access openings, 
in groups, properly labeled, near primary 
surface to be observed from working posi- 
tion)? 

20. Are test points that require test probe 
retention provided so that technician will 
not have to hold the probe? 

21. Are built-in test features provided wher- 
ever standard portable test equipment 
cannot be used? 

22. Are test points adequately protected, 
illuminated, and accessible? 

23. Are routine test points located so that 
the technician does not have to remove 
the chassis from the cabinet? 
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TABLE 3-7.   DIAGNOSTIC MEASUREMENTS FOR INTERNAL COMBUSTION ENGINES 

Type of Engine 

Measurement Spark Ignition Compression Ignition 

1. Intake manifold pressure X 

2. Engine speed/camshaft angle X X 

3. Fuel rate X X 

4. Ignition waveform X 

5. Engine torque X X 

6. Airflow X X 

7. Exhaust analysis X X 

8. Injector pump pressure X X 

9. Exhaust blowby X X 

10. Oil consumption X X 

11. Cylinder power drop X 

12. Oil pressure (engine) X X 

13. Oil temperature X X 

14. Battery voltage and charging current X X 

15. Starter drain X X 

16. Lower crankcase vibration X X 

17. Coolant temperature, inlet/outlet X X 

18. Transfer vibration X X 

19. Differential vibration X X 

20. Electrical subsystem X X 

21.  Compression pressure X X 

22. Cylinder head temperature X 

23. Fuel pump pressure X X 

24. Cooling system pressure X X 

25. Lubricant level X X 

26. Exhaust gas temperature X X 

27. Pressure ratio (turbo charger) X 

For separate test equipment, test point ac- 
cess to physical phenomena such as fluid pres- 
sures, flows, and temperatures may be gained 
in one of two general ways. One method is to 
design the fluid conduit so that a section can 
be removed and an instrumentation section in- 
serted. The other method is to provide an access 
port in the fluid conduit to which instrumen- 
tation may be attached. The first method is 
applicable to light, accessible, and easily re- 
moved sections such as sections of fuel lines. 
The other method is applicable to conduits, such 
as engine coolant conduits, that would be trou- 

blesome to remove and replace. Rotation and 
vibration data normally are obtained by at- 
taching instrumentation at predetermined 
points to the surface of assemblies. The prin- 
ciples described for electronic materiel test 
points apply to electrical systems of mechanical 
materiel. 

Test points for built-in test equipment re- 
quire the "permanent" installation of sensors 
and transducers in appropriate locations. Such 
test points also can be installed and used with 
separate test equipment, thus reducing test 
setup and cleanup times. 
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As with all materiel design features, test 
points and test equipment should have no more 
complexity than is required to satisfy oper- 
ational requirements. For example, an access 
port and a dipstick or a fill and inspection port 
is perfectly adequate for determining many 
fluid levels. Providing test equipment and its 
associated test points to accomplish these func- 
tions would not be cost-effective under normal 
circumstances. Virtually any physical 
phenomenon can be measured. The objective is 
to measure the smallest possible number of 
phenomena in a manner that will result in a 
savings in life cycle costs. 

3-4.7.4  IndirectTesting 

Many mechanical components subjected to 
continuous operating friction are not easily ac- 
cessible because state-of-the-art mechanical 
packaging techniques do not permit such ac- 
cessibility. Examples of this are vehicle com- 
ponents such as differential gears and 
crankshaft bearings. Such components are sub- 
ject to wearout rather than random failure. 
Wearout failures generally occur in time ac- 
cording to a normal or Gaussian distribution 
(the bell curve). This fact and other data can 
be used to calculate an average expected life 
for the components and, prior to this time, com- 
ponent replacement can be scheduled. 

Unfortunately, the average expected life is 
just that, and is comprised of the lives of com- 
ponents which, if not replaced, will become 
functionally impaired before and after the av- 
erage life span. If it is assumed that a replace- 
ment practice is based on average expected life, 
some components will fail before the scheduled 
replacement, and many will be replaced that 
would have continued to perform satisfactorily 
for varying periods of time. Such ineffective 
and wasteful scheduled maintenance can be 
avoided by indirectly measuring the wearout 
that components are experiencing without dis- 
assembling the assemblies in which they are 
located and replacing only those that are ap- 
proaching an unsatisfactory condition. 

Indirect measurement of the wear of in- 
accessible components in aircraft is being ac- 
complished by the Army through spectrometric 
oil analysis. This technique has proven to be 
quite cost effective, and it will probably be ap- 

plied to other materiel in the future. Similar 
results could be obtained with radioactive tracer 
techniques. In this case, the components of in- 
terest would be irradiated and the quantity of 
metal molecules deposited by friction into sur- 
rounding lubricant would be measured with 
radiation instrumentation. 

Maintenance engineering should maintain 
current knowledge of all state-of-the-art in- 
direct measurement techniques and consider 
their application, when appropriate, to new and 
existing materiel. For materiel deployed in large 
quantities, a very large initial investment is 
warranted to establish a capability to detect 
imminent failures, thereby increasing materiel 
availability and safety, and at the same time 
avoiding the accomplishment of unnecessary 
maintenance, 

3-4.7.5  Bearings (Ref. 1) 

Because bearing maintenance and bearing 
failures account for the largest percentage of 
maintenance costs for mechanical products, 
selection of the proper sizes and types of bear- 
ings can be considered one of the most impor- 
tant of all design considerations. The total life 
span of mechanical items more often is limited 
by the life of its bearings than by failure of 
any other parts. 

The proper bearing for a specific appli- 
cation is the one that: 

a. Requires the minimum life cycle cost. 

b. Requires little or no maintenance (lu- 
bricating, adjusting, etc.). 

c. Requires little or no periodic inspection 

d. Permits the most rapid inspection. 

e. Satisfactorily overcomes manufacturing, 
operating, or aging misalignment problems. 

f. Performs satisfactorily for the life of 
the product. 

3-4.7.5./   Nonlubricated Bearings 

Bearings requiring no lubrication or main- 
tenance should be used whenever possible. Such 
bearings are made of synthetic rubber, nylon, 
Teflon, and fiber. This type of bearing should 
be given first consideration in such applications 
as instrument bearings, leaf spring ends, 
pushrod ends, drive shaft universal joints, and 
fuel valve bearings. 
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3-4.7.5.2 Semilubricated Bearings 

In bearing applications where the mate- 
rials used for nonlubricated bearings are un- 
suitable, the use of oil-impregnated, sintered 
bronze (or similar) bearings may be considered. 
Such bearing assemblies should include 
contaminant-excluding seals when they are used 
in locations where destructive contaminants 
may be present. For ease of servicing, an easily 
accessible oil service point, sealed with a plug 
or oil cup and properly marked, should be 
provided. 

3-4.7.5.3 Sealed Bearings 

In applications requiring a high load- 
carrying capacity with minimum space require- 
ments, bearings containing their own supply of 
lubricants are highly desirable. The lubricant 
is retained by seals on one or both sides of 
the bearings. However, even though these types 
of bearings are "sealed for life" they should 
be provided with some means of .external 
relubrication. Such relubrication, when neces- 
sary, may be difficult; for example, the "oil 
hole" may have to be made through a synthetic 
seal pierced with a hypodermic needle, or an 
entrance may have to be drilled in the bearing, 
leading out through the housing to an easily 
accessible position. Regardless of the method 
selected, the loss of lubricant back through the 
"oil hole" or the entrance of contaminants into 
the lubricant must be avoided. 

3-4.7.5.4 Sleeve Bearings 

Probably no one factor of past design has 
contributed more to premature equipment aging 
or costly maintenance than the widespread use 
of solid metal sleeve bearings. These bearings, 
in general, never provide for wear, but progres- 
sively grow worse with use and seldom provide 
any means of compensating for this wear. 
Therefore, the use of solid metal, nonporous 
sleeve bearings in any application should be 
questioned in every case. In applications where 
sleeve bearings are used, however, high- 
pressure lubrication should be supplied to the 
bearing surface whenever possible. 
3-4.7.5.5  Straight Roller Bearings and Ball 

Bearings 

The use of straight roller and ball bearings 
which  are not adjustable  and do not provide 

wear-compensation should be confined to appli- 
cations where: 

a. The bearing size, load-carrying capacity, 
and operating speed are such as to guarantee 
that the bearing will outlive the service life 
of the product. 

b. Needle bearings operate against shafts 
of at least 40 Rockwell C scale hardness. 

c. They operate in an enclosure having a 
constant supply of lubricant. 

d. They conform to applicable Federal and 
Military Specifications. 

e. No other type of bearing will perform 
the task more suitably. 

Roller bearing life is determined by the 
fatigue life of raceways and rollers if proper 
attention has been given to the details of lu- 
brication and mounting, and to the exclusion 
of foreign material. 

3-4.7.5.6   Tapered Roller Bearings 

Tapered roller bearings, when suitable for 
design, represent the optimum in bearing main- 
tainability and, therefore, should be given high 
priority in the selection of bearings. The fact 
that they are occasionally higher in initial cost 
should be weighed against the cost of replace- 
ment of another type of bearing throughout the 
life cycle of the product. 

Tapered roller bearings may be adjusted 
by using threaded, lockable components, or by 
shims. Whenever possible, the threaded adjust- 
ing method should be used to eliminate the ne- 
cessity for stocking shims. Regardless of the 
method of adjusting, however, bearing housing 
design should allow the easiest and simplest ac- 
cess to the adjustment. 

3-4.7.5.7 Bearing Seals 

Seals used to retain lubricants in bearing 
housings having protruding, rotating, and 
sliding shafts and axles should be given specific 
and special considerations in the design of 
equipment. Some of these considerations are: 

a Seals should reflect the highest quality 
in design and material concurrent with the 
state of the art for its intended service. 

b. Seal housing design should provide the 
optimum of simplicity for replacement of the 
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seals by inexperienced personnel operating in 
the field. If possible, no special tools, including 
wheel pullers, should be required for replace- 
ment of bearing seals. 

c. The use of blind fittings and fasteners 
should be avoided. 

d. Consideration should be given to the use 
of multiple-lipped seals and double and triple 
seals, each element of which is capable of 
fulfilling the sealing requirements alone. 

e. When design will permit their use, 
prime consideration should be given to the use 
of spring-loaded, positive-contact end seals. 

f. Each design should be examined to in- 
sure that the seal will not be damaged by ex- 
cessive internal pressure. When the possibility 
of excessive pressure exists, due to heat ex- 
pansion of the lubricant or other causes, a relief 
valve should be installed (as appropriate) on the 
housing, and a return line to a sump should 
be installed, when appropriate. 

3-4.7.5.8 Derating 

All bearings should be derated to insure 
that their capabilities have dynamic factors of 
safety. This factor of safety is necessary to pre- 
vent overload conditions not readily apparent 
in new applications or due to unexpected service 
conditions. Derating also provides longer bear- 
ing life, with less required maintenance and in- 
creased maintainability. As a general rule, bear- 
ings should be derated to the maximum extent 
permitted by cost, performance, weight, or 
space provisions. 

3-4.7.6  Lubrication (Ref. 1) 

Lubrication of materiel is of vital im- 
portance. The best designed equipment, viewed 
from combat efficiency, performance, main- 
tainability, and reliability standpoints, can and 
does fail completely due to inadequate and im- 
proper lubrication. In many items, lubrication 
is the only maintenance required for long 
maintenance-free service. Equipment designs 
sometimes are produced with little thought giv- 
en to the vast number of maintenance hours 
required in the field for periodic lubrication and 
checking of oil levels. Rapid lubrication capa- 
bility should be built into the equipment and 
the design of this capability should be consid- 
ered to be as important as the proper functional 

design of the equipment. Particular attention 
to lubrication requirements should be given to 
electronic and electrical equipment. Poorly lu- 
bricated synchros, switch shafts, generators, 
motors, and relay arms have been a serious 
source of malfunction that has resulted in de- 
struction of the equipment. 

Working surfaces subject to wear or de- 
terioration should be provided with appropriate 
means of lubrication. Commercial grade lubri- 
cants should be used whenever possible. Equip- 
ment should be designed to use only one type 
of oil and one type of grease. When this is 
not practical, the types and grades should be 
kept to a minimum. When a special lubricant 
is required to satisfy unusual operational re- 
quirements, such as high- or low-temperature 
operational environments, each lubrication fit- 
ting having this requirement should be clearly 
labeled with letters 0.25 in. high, giving the 
grease or oil specification and placed as close 
to the fitting as is suitable. 

Lubrication, besides reducing friction and 
wear between moving parts, also can serve as 
a seal to exclude undesirable substances from 
the area being lubricated, and act as a carrier 
for rust preventives, antifriction agents, ex- 
treme pressure additives, etc. Additionally, lu- 
bricants provide a means of removing waste 
products or contaminants. For example, in en- 
gines, the products of combustion, sludge, and 
acids collect in the crankcase oil and are re- 
moved when the oil is changed periodically. Cor- 
rect lubrication is an important factor in ob- 
taining good performance from many parts. 

When sealed bearings or semilubricated 
bearings are used, the lubricants selected 
should have the optimum state-of-the-art char- 
acteristics for protection against deterioration 
from age. This requirement is particularly im- 
portant to items liable to long, inactive storage 
where deterioration could cause destruction of 
lubricating properties. Whenever possible, lubri- 
cants also should be capable of satisfactory 
service at ambient temperatures ranging be- 
tween -67° and 250°F. 

3-4.7.7   Fixed Joints 

Frequently, there is a requirement for two 
mechanical assemblies to be mechanically at- 
tached to each other and to move with respect 
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to each other. An example of this is a vehicle 
propeller shaft, which provides a power drive 
between sprung and unsprung vehicle assem- 
blies. A capability for relative movement is pro- 
vided by one or more joints in the shaft, which 
require some type of lubrication. Since even 
lifetime lubricants and seals may not last 
throughout the life cycle of the vehicle, one 
is faced at best with a potential maintenance 
problem. 

In many cases, it is possible to provide 
mechanical connection and a capability for 
relative movement with fixed joints that will 
never require lubrication. Two vehicle compo- 
nents that connect sprung and unsprung as- 
semblies are torsion bars and coil springs. Other 
examples are flexible power drive shafts, flex- 
ible couplings, and power drive belts as opposed 
to chain belts. 

Even though lubrication requirements may 
be eliminated by substituting a fixed joint for 
a moving one, it does not follow that the fixed 
joint is always the correct choice. Each appli- 
cation must be subjected to a life cycle cost 
analysis. For example, the higher cost of a 
chain belt as compared to a conventional belt, 
and the cost of lubricating the chain belt, might 
be more than offset by the cost of the con- 
ventional belt plus the cost of replacing it 
several times during the materiel life cycle. 

3-4.7.8  Self-adjusting Components 

The requirement for maintenance adjust- 
ments can be reduced significantly by designing 
materiel with self-adjusting features. A prime 
example of such an assembly is self-adjusting 
brakes. Other examples are self-adjusting valves 
for internal combustion engines, electrical 
brushes, and belt and chain power transmission 
assemblies that incorporate a spring-loaded 
idler pulley or sprocket. 

3-4.8   CORROSION ASPECTS 
Corrosion is a potential source of materiel 

failure and .of requirements to expend signifi- 
cant quantities of maintenance resources in cor- 

rosion control efforts. These potential problems 
can be avoided or alleviated by the proper selec- 
tion of materials and material- protective 
coatings. 

3-4.8.1   Material Selection 

Corrosion can result from galvanic action, 
chemical reactions, stress, and other causes. In 
general, galvanic corrosion and chemical cor- 
rosion are the greatest threats to Army 
materiel. Galvanic corrosion occurs when two 
dissimilar metals are in electrical contact and 
are exposed to a common electrolyte. In such 
a case, a galvanic cell is formed, and the ma- 
terial functioning as the anode will corrode 
rapidly. Chemical corrosion is the direct action 
of one material upon another to produce a new 
compound. Oxidation is a common and trou- 
blesome form of chemical corrosion that results 
in oxides that are called rust on iron alloys 
and sometimes are called rust on other metals. 
Oxidation (rust formation) is accelerated by the 
presence of water and is a significant problem 
for materiel such as combat vehicles and 
automotive equipment that must function in an 
unprotected environment. 

Metals are categorized into groups by elec- 
trochemical potentials that reflect the 
magnitude of the galvanic corrosion that can 
occur if dissimilar metals are joined. Such a 
galvanic series is shown in Table 3-8. Dissimilar 
metals far apart in the series should not be 
joined directly together. If they must be used 
together, insulating material or protective 
coatings must be used. In the absence of dis- 
similar metals, limited galvanic action can 
sometimes occur because of irregularities on a 
single metal surface, but this is not a signifi- 
cant problem. 

For applications where dissimilar metals 
are not involved, the galvanic series provides 
incomplete guidance in material selection; i.e., 
a few of the more anodic metals are acceptable. 
For example, the metals most commonly used 
in vehicle design for their corrosion resistant 
properties are: 

Titanium Chromium 
Molybdenum alloys Zinc 
Stainless steel Nickel 
Pure aluminum Tin 
Cadmium Copper alloys 

3-4.8.2  Protective Finishes 

Careful consideration of the many factors 
involved in the proper selection of protective 
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TABLE 3-8. GALVANIC SERIES OF METALS AND 
ALLOYS (Ref. 1) 

Anodic End (most easily corroded) 

Group Metal 

I Magnesium 
Magnesium alloys 

II Zinc 
Galvanized iron or steel 
Aluminum (5058,5052, 3004, 3003, 
6063, 6053) 

III Cadmium 
Cadmium plated iron or steel 

Mild steel 
Wrought iron 
Cast iron 
Ni resist 
Lead-tin solders 
Lead 
Tin 

IV Chromium 
Admiralty brass 
Aluminum bronze 
Red brass 
Copper 
Silicon bronze 
Phosphor bronze 
Beryllium copper 
Nickel 
Inconel 
Monel 
Type 400 corrosion resisting steel 
Type 300 corrosion resisting steel 
Titanium 

V Silver 
Gold 
Platinum 

Cathodic End (least susceptible to corrosion) 

finishes for metals at the outset of design will 
result in optimum production costs and reduced 
operational maintenance requirements. No one 
metallic coating and application technique is 
best for every application. 

3-4.8.2.1   finish Selection Considerations 

Finishes cannot be selected until oper- 
ational, functional, and manufacturing prob- 
lems are defined. 

a. Service Enuironment. The anticipated 
service environment should be defined to in- 
clude factors such as: 

(1) Temperature range 
(2) Humidity 
(3) Rain 

(4) Salt and spray 
(5) Dust and sand 
(6) Industrial smog 
(7) Direct sunlight 

b. Functional Considerations. The finish 
selected should be best suited for the base ma- 
terial and its function and environment. Factors 
that must be considered include: 

(1) Corrosion resistance (including gal- 
vanic effects) 

(2) Solderability 
(3) Conductivity 
(4) Hardness 
(5) Wear resistance 
(6) Antifriction properties 
(7) Heat reflectivity and emission 
(8) Nonsupport of fungi (nonnutrient) 
(9) Moisture repellant 

(10) Color (appearance) 
c. Manufacturing Considerations. Manu- 

facturing processes are interdependent with fin- 
ish selection. Factors to be considered include: 

(1) Critical dimensions may dictate the 
type of finish selected. 

(2) Corners, recesses, and holes must 
be designed in consideration of the throwing 
power of plating, as well as the application and 
drainage of rinses and liquid finishes. 
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(3) If a coating thickness greater than 
0.0002 in. is specified for threaded and close- 
tolerance items, allowance must be made in the 
part dimension for buildup when the part is 
plated. 

(4) If dissimilar metal contacts cannot 
be avoided, plated finishes should be selected 
to provide a cathodic small surface in contact 
with an anodic larger surface. 

(5) Because of uneven current distri- 
bution, electrodeposited coatings on corners, 
edges, and protruding areas will be many times 
thicker than on flat surfaces, but deposits in 
recessed areas will be thinner. To assure ade- 
quate coating thickness over the low-current 
density areas while at the same time avoiding 
excessive thickness on the high-current density 
areas, consideration should be given during the 
design stage to minimizing sharp corners, 
recesses, blind holes, etc. 

(6) Many electroplated coatings are by 
nature porous or cracked. For maximum protec- 
tion, a multilayer coating system should be 
specified to. provide a more impervious barrier. 

Three thin layers give better protection than 
one layer of the same total thickness. Minimum 
thickness always should be specified. 

3-4.8.2.2  Types of Finishes 

Finishes are categorized as organic or in- 
organic. 

a. Organic. Organic finishes generally give 
better corrosion protection than inorganic fin- 
ishes and, in addition, offer a wide range of 
decorative appearance such as color and luster. 
When the design permits, organic finishes 
should be specified. Organic finishes are 
classified as paints, lacquers, enamels, 
varnishes, and drying oils. In addition, there 
are resin base organic finishes that cure by a 
chemical reaction in the presence of a catalyst 
or heat, or both. 

b. Inorganic. Inorganic finishes are protec- 
tive metal coatings applied by electroplating, 
flame spraying, hot dipping, etc., and chemical 
or electrochemical conversion coatings such as 
anodize, iridite, and passivation. Some examples 
of finishes commonly used on several metals 
are listed in Table 3-9. 

TABLE 3-9.  PROTECTIVE FINISHES FOR VARIOUS METALS (Ref. 1) 

Material Finish Remarks 

Aluminum alloy       Anodize 

Anodize (Martin 
hardcoating) 

"Alrok" 

An electrochemical-oxidation surface treatment 
for improving corrosion resistance; not an elec- 
troplating process. For riveted or welded assem- 
blies, specify chromic acid anodizing. Do not 
anodize parts with nonaluminum inserts. 

Much harder than normal anodize with superior 
wear properties. Has been used for missile 
launcher rails in conjuction with solid-film lu- 
bricants for its wear-resistant qualities. Suitable 
for building up undersized parts. 

Chemical-dip oxide treatment. Cheap. Inferior in 
abrasion and corrosion resistance to the anodiz- 
ing process, but applicable to assemblies of 
aluminum and nonaluminum materials. 

Copper and zinc 
alloys 

Bright acid dip Immersion of parts in acid solution. Clear lac- 
quer applied to prevent tarnish. 
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TABLE 3-9 .  PROTECTIVE FINISHES FOR VARIOUS METALS (Ref. 1) (Cont'd) 

Material Finish Remarks 

Brass, bronze, zinc 
diecasting alloys 

Brass, 
nickel 

chrome, 
, tin 

As discussed under steel. 

Magnesium alloy      Dichromate treat- 
ment 

Anodize 

Corrosion-preventive dichromate dip. 
Yellow color. 

Dow Chemical Company developed process used 
extensively for aircraft parts. 

Stainless steel Passivating treat- 
ment 

Nitric acid immunizing dip. 

Steel Cadmium 

Chromium 

Blueing 

Silver plate 

Zinc plate 

Nickel plate 

Electroplate; dull white color, good corrosion re- 
sistance, easily scratched, good thread antiseize. 
Poor wear and galling resistance. 

Electroplate; excellent corrosion resistance and 
lustrous appearance. Relatively expensive. Spec- 
ify hard chrome plate for exceptionally hard 
abrasion-resistant surface. Has low coefficient of 
friction. Used to some extent on nonferrous met- 
als, particularly when diecast. Chrome-plated ob- 
jects usually receive a base electroplate of cop- 
per, then nickel, followed by chromium. Used for 
buildup of parts that are undersized. Do not use 
on parts with deep recesses. 

Immersion of cleaned and polished steel into 
heated saltpeter or carbonaceous material. Part 
then rubbed with linseed oil. Cheap. Poor cor- 
rosion resistance. 

Electroplate; frosted appearance, buff to bright- 
en. Tarnishes readily. Good bearing lining. For 
electrical contacts, reflectors. 

Dip in molten zinc (galvanizing) or electroplate 
of low-carbon or low-alloy steels. Low cost. Gen- 
erally inferior to cadmium plate. Poor appear- 
ance and wear resistance. Electroplate has better 
adherence to base metal than hot-dip coating. 
For improving corrosion resistance, zinc plated 
parts are given special inhibiting treatments. 

Electroplate; dull white. Does not protect steel 
from galvanic corrosion. If plating is broken, cor- 
rosion of base metal will be hastened. Finishes 
in dull white, polished, or black. Do not use on 
parts with deep recesses. 
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TABLE 3-9.  PROTECTIVE FINISHES FOR VARIOUS METALS (Ref. 1) (Cont'd) 

Material Finish Remarks 

Steel (Cont'd) 

Black oxide dip 

Phosphate treat- 
ment 

Tin plate 

Brass plate 

Copper plate 

Gold plate 

Nonmetallic chemical black oxidizing treatment 
for steel, cast iron, and wrought iron. Inferior 
to electroplate. No buildup. Suitable for parts 
with close dimensional requirements, such as 
gears, worms, and guides. Poor abrasion resist- 
ance. 

Nonmetallic chemical treatment for steel and 
iron products. Suitable for protection of internal 
surfaces of hollow parts. Small amount of sur- 
face buildup. Inferior to metallic electroplate. 
Poor abrasion resistance. Good point base. 

Hot dip or electroplate. Excellent corrosion re- 
sistance, but if broken will not protect steel from 
galvanic corrosion. Also used for copper, brass, 
and bronze parts that must be soldered after 
plating. Tin-plated parts can be severely worked 
and deformed without rupture of plating. 

Electroplate of copper and zinc. Applied to brass 
and steel parts when uniform appearance is de- 
sired. Applied to steel parts when bonding to 
rubber is desired. 

Electroplate applied preliminary to nickel or 
chrome plates. Also for parts to be brazed or 
protected against carburization. Tarnishes read- 
ily. 

Electroplate, gold color, resists corrosion and col- 
or change. For electrical and electronic appli- 
cations. 

3-4.9   DURABILITY CONSIDERATIONS 

Durability may be defined as the capabil- 
ity of a system, assembly, subassembly, or com- 
ponent to meet ,or exceed its life expectancy 
by virtue of its design and construction with 
a minimum of upkeep or repair requirements. 
Life expectancy is defined as the projected serv- 
ice life, or time to a planned overhaul or rebuild 
point. Durability also may be defined as the 
probability that an item successfully will 
survive its projected service life, overhaul point, 
or rebuild point without a catastrophic failure. 

In this application, catastrophic failure is de- 
fined as a failure that requires the item to be 
replaced or rebuilt. 

Life expectancy or projected service life is 
expressed in measurable units such as miles, 
number of specified events, and time. Some ex- 
amples of life expectancy are: automobile tire, 
25,000 mi; toggle switch, 20,000 cycles; push- 
button switch (nonsnap action), 2,000,000cycles; 
automotive vehicle 14 yr and/or 70,000 mi; and 
missile system, 10 yr. Life expectancy values 
are based on the assumptions that items will 

3-42 



AMCP  706-132 

not be subjected to natural and induced envi- 
ronments more severe than those for which 
they were designed and that preventive and cor- 
rective maintenance will be performed in ac- 
cordance with established procedures. 

Durability is the end result or culmination 
of the activities of a multitude of disciplines 
that determine the probability of a system to 
survive to its projected service life or rebuild 
point. These disciplines include but are not lim- 
ited to design, manufacturing, quality control, 
reliability, and maintainability. Durability re- 
quirements relate primarily to design, produc- 
tion, logistic burdens, and life cycle costs, and 
should be based on cost trade-off studies. Trade- 
offs between reliability and maintainability can 
be utilized to optimize life cycle costs while im- 
proving durability. The ideal system should be 
designed to meet its functional requirements, 
and should be durable and reasonable in cost. 

While reliability is primarily concerned 
with avoiding failure and maintainability is 
concerned with corrective and preventive main- 
tenance, durability is primarily concerned with 
wearout. A durable system can survive to its 
projected service or rebuild point with normal 
maintenance support. Normal maintenance sup- 
port is the preventive and corrective mainte- 
nance activities described in the maintenance 
plan. 

Durability provides a means for evaluating 
the total system and all the disciplines involved 
in assuring that the system will function within 
the designed specifications and limitations for 
the intended service life. It also can be a pow- 
erful discipline in predicting the useful service 
life of a system. Reassessing durability can op- 
timize the rebuild/overhaul cycle, extend the 
service life, and result in minimized cost. 

Theoretically, a system with perfect 
durability would survive to the last day of its 
planned service life or to its planned rebuild 
or overhaul point, and have little or no remain- 
ing capability. Actually, durability cannot be 
designed into materiel with such precision. Fre- 
quently, materiel will be more durable than was 
predicted. Therefore, periodic assessments of 
durability should be conducted to determine 
whether or not service life or the rebuild point 
can be extended. For example, the Army con- 
ducted a life extension and assessment program 

on a missile system and determined that missile 
service life could be greatly extended with some 
minor modifications and some changes in main- 
tenance procedures. Considering the fact that 
the alternative could have been to manufacture 
new missiles, significant costs were avoided. 

Durability provides a means for optimizing 
the design and manufacturing process. A sys- 
tem may be overdesigned for the intended serv- 
ice life, resulting in excessive costs. Design may 
specify tolerances that significantly increase 
manufacturing costs and decrease durability. 
Test tolerances that are too stringent for a par- 
ticular application may result in rejections prior 
to the expiration of the designed service life 
or rebuild point, thereby reducing durability. 
Increased durability reflects optimization of the 
design, production, and maintenance disciplines. 

3-4.9.1   Improving Durability 

Durability can be improved by optimizing 
design and production to insure that excessive 
wear or deterioration does not affect the pro- 
jected service life or rebuild point. The type 
of materials used should be examined closely, 
with consideration given to size and weight de- 
pendent upon the particular application. Toler- 
ances should be examined closely to determine 
the effect that tightening or relaxing tolerances 
would have on the longevity of the equipment 
under use. In some applications, relaxed toler- 
ances may not only be more cost-effective be- 
cause of simplified and more expedient man- 
ufacturing processes, but may also improve 
durability. Quality control procedures also 
should be examined for impact on improving 
durability. 

3-4.9.I.1   Selection of Materials 

The durability of material is essentially a 
measure of its strength over an extended period 
of time. It is determined by the physical re- 
sistance of the material to deformation under 
stress during prolonged usage and, where ap- 
plicable, material resistance to deterioration in 
a sustained corrosive atmosphere. In order to 
optimize durability, careful consideration should 
be given to the material selected for each par- 
ticular application. 

The properties of the material selected 
should be analyzed carefully. Some materials 
are used in a fairly pure form. While they may 
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be altered by heat treatment or work hardening, 
no additional substances a're added. Failures 
may occur due to the addition of an extraneous 
substance, as in oxidation, or by applying 
energy in excess of the maximum storage level, 
such as friction heating. Other applications of 
materials require carefully controlled trace 
amounts of an impurity that greatly influence 
performance behavior. Failure of these mate- 
rials under prolonged load will be hastened if 
there are changes in the concentration or dis- 
tribution of the impurity. Higher purity of raw 

. materials, special additives during the refining 
step, better design, or improved fabrication 
techniques all can be the basis for achieving 
greater product longevity. 

Strength and durability are not always 
gained by heavy construction. In some cases, 
the elimination of massive sections improves 
ultimate strength and durability. Computer 
techniques for optimizing the size and shape 
of construction members have provided light- 
weight, simplified, and more cost-effective de- 
signs that also increase durability (see Ref. 20). 
Reliability and longevity of machinery and 
structures are a function of a variety and multi- 
tude of parameters. 

3-4.9.1.2   Tolerances and Fits 

Another important factor to be considered 
for improved durability is the selection of man- 
ufacturing tolerances. Tolerances are assigned 
to the dimensions of parts and equipment and 
to the values of test specifications in order to 
define permissible limits. The tolerances and 
fits selected must be a trade-off involving the 
function of the component within the system, 
the accessibility of the component for mainte- 
nance or replacement, and the cost of manu- 
facture. 

Closer tolerances may increase system 
durability and reliability, but may be unaccept- 
able due to unreasonably high manufacturing 
costs and higher rejection rates at inspection. 
Relaxed tolerances lower manufacturing costs, 
but may increase maintenance costs due to in- 
creased wear and resultant early replacement. 
Tolerances and fits should be determined by 
a detailed analysis and evaluation of the par- 
ticular application. Operating conditions and 
the length of service should be examined. Closer 
tolerances  to  increase the reliability  of in- 

accessible components such as seals, bearings, 
and sealed units should be paramount in im- 
portance, especially when the failure of that 
component would have a dramatic effect on the 
service life or planned overhaul point for the 
system involved. 

The adverse effect of tightening tolerances 
also should be considered carefully. Close tol- 
erances, and especially wear limits, may falsely 
indicate the end of the useful service life of 
a component or system, when, in fact, that sys- 
tem may be capable of performing its designed 
function throughout an extended service life, 
provided the functional tolerances or wear lim- 
its were relaxed. This is ample justification for 
periodic reassessment of the durability of a sys- 
tem during the service life to optimize over- 
haul/rebuild policies and minimize cost. 

3-4.9.1.3   Quality Control 

Quality control procedures should be 
reviewed continually and reevaluated to im- 
prove durability. Refinements in the quality 
control organization and procedures are fre- 
quently needed to assure maximum effec- 
tiveness. The use of intensified quality inspec- 
tions during the manufacturing process and in- 
tensified quality acceptance tests can have a 
profound effect on system durability. 

3-4.9.2  Testing Durability 

All component design, to a large degree, 
must depend on the results of experimental 
testing. A number of well-known testing modes 
are in common use. Applying a steadily increas- 
ing stress to a sample of material will provide 
valuable yield data relative to sizing and es- 
tablishing safety factors. Subjecting the fin- 
ished component to continued operation at nor- 
mal stress levels provides information on wear- 
out (fatigue). Several considerations can com- 
plicate the assessment of the true durability 
of a component. Stress level, for example, con- 
stitutes an important element in interpreting 
the significance of yield and wearout test data. 
If test and application stress levels differ 
significantly, laboratory data may have little 
validity for use in design. 

In 'wearout, age, and deterioration testing,, 
it is often found that the mean time to failure 
is too great in real time for practical evaluation. 
In this case, it is necessary to use accelerated 
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testing conditions that greatly reduce the time 
necessary for testing. The design of an accel- 
erated test and the interpretation of the data 
obtained require an understanding of the rela- 
tion between stress level and the rate of the 
particular destructive process under consid- 
eration. For component wearout testing, the 
problem is relatively simple. The converse is 
true in designing tests or using analytical pro- 
cedures to determine the service life or overhaul 
point for a weapon system. It is particularly 
difficult to design or evaluate the service life 
of a standby system, such as a missile system, 
whose application is more or less a static mode 
of readiness. 

One approach to assessing the durability 
or predicting the service life of a component 
or system is to investigate the wearout time 
by analyzing the predicted or observed materiel 
"bathtub" curve (Fig. 3-4). The constant failure 
rate region marks a period of useful life. The 
termination of useful (service) life or time to 
wearout (overhaul point) may be selected at any 
point along the curve in the wearout region. 
Selection of the optimum time for termination 
of service life or conduct of overhaul mainte- 
nance must be based upon the particular ap- 
plication involved, the shape of the life char- 
acteristic curve, and the maximum failure rate 
that can be tolerated for the system under con- 
sideration. 

Durability can be predicted by determining 
the maximum failure rate that is acceptable 
in the wearout region, applying it to the 
"bathtub" curve, and observing the indicated 
time. The wearout region can be identified by 
the sharp rise in the failure rate after the 
useful life period has terminated. This is due 
to the fact that two forces are then at work: 
chance (random)failures, and wearout failures. 

Durability should be reassessed throughout 
the service life of the component or system. 
This reassessment is important, since the 
"bathtub" curve will shift or the shape will 
change when subunits or parts are replaced and 
normal maintenance activities occur. 

3-4.9.3   Designingfor Durability 

One area of consideration of the design en- 
gineer  in  providing  optimum  durability  is to 

insure the incorporation of maintainability in 
the design of the system. Analyses and trade- 
offs must be made to determine the types and 
degree of maintainability and support required. 
All combinations of maintainability design fea- 
tures, together with the cost and associated re- 
pair times, must be considered in order to find 
the combinations that best meet materiel main- 
tainability requirements. Restricted accessibili- 
ty of modules, assemblies, and other items will 
contribute to the extension of repair time and, 
in worst case, require depot overhaul or rebuild 
to extend the useful service life. In this con- 
nection, it is a responsibility of both the design 
engineer and the maintainability engineer to 
pay close attention to the physical limitations 
of technicians, as well as the predicted failure 
rates of the several components that are subject 
to malfunction. It is important that every con- 
sideration be given, whenever economically and 
physically possible, to provide for easy access 
to parts with higher failure rates. System 
durability may be reduced if nonfailed parts 
must be removed and replaced during the main- 
tenance of high failure rate items. 

Another factor that should be considered 
when designing for durability is planned ob- 
solescence. In this case, the durability of a com- 
ponent has to be designed to fit into the design 
durability of the system. Some types of planned 
obsolescence are widely accepted. Disposable 
dishes, containers, and clothing are common ex- 
amples of planned obsolescence. The use of one- 
time devices in military and industrial oper- 
ations can be the basis for achieving a high 
degree of performance reliability. Properly 
used, planned obsolescence favorably impacts 
manufacturing, material and maintenance 
costs, and materiel durability. 

The weapon systems of today often require 
high performance components in order to in- 
crease the service life or durability of the sys- 
tem. In almost all cases, the term "high per- 
formance" implies that there is a high output 
per unit mass, a high payload per unit weight, 
a high attained speed, or high efficiency. Also 
implied is that the component is relatively heav- 
ily stressed. Since there is a direct relation be- 
tween the degree of stress on the component 
and the relative lifetime, it generally will be 
true that high performance components tend to 
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be short lived. This dictates that high- 
performance component applications be ana- 
lyzed carefully and evaluated by the design and 
maintainability engineers to assess component 
reliability and maintainability, and insure sys- 
tem durability. 

Many examples of design considerations 
have improved the reliability, maintainability, 
and durability of components and systems. The 
development of the surface-gap spark plug is 
a classic example. The service life of the plug 
itself was extended greatly once the erosion 
characteristics of the air-gap plug were 
eliminated. The excess carbon buildup of the 
air-gap plug caused reduced firing current and 
failures to fire that were detrimental to system 
(engine) performance and often resulted in 
catastrophic failure. This adversely affected 
durability, since overhaul or replacement was 
required prior to the projected service life or 
overhaul point of the system. The improved 
characteristics of the surface-gap plug have im- 
proved system reliability, maintainability, and 
.durability. 

Improvements in the design and produc- 
tion' of generator brushes have improved the 
maintainability and durability of electrical 
devices. The development of hardened material 
compounds for electrical brush applications has 
not only increased the life of the brushes but 
reduced the possibility of system failures caused 
by the excessive carbon dust inherent to the 
soft brushes. The use of "bayonet-type" brush 
holders wherever possible has permitted the re- 
placement of brushes from outside the housing 
without the need for removing or replacing cov- 
ers. This has improved maintainability by al- 
lowing for rapid replacement and easy access 
for periodic cleaning and lubrication. All of 
these actions contribute to extending the service 
life, prevent premature or catastrophic failure, 
and thus increased durability. 

Catastrophic and random failures have a 
dramatic effect on system durability. In order 
to assess properly system durability, the poten- 
tial effects of catastrophic and random failures 
should be investigated carefully. If the failure 
is such that resultant corrective action requires 
system replacement or overhaul, durability will 
be decreased. These failures cannot be pre- 
vented, although the rates at which they occur 

are related to the environmental stresses to 
which the components are subjected. Although 
a finite probability of catastrophic failure 
always will remain, a decrease in the uncer- 
tainties in the manufacturing process by control 
of both materials and manufacturing techniques 
will reduce the failure rate and increase 
durability. 

To provide optimum reliability and min- 
imum maintenance, it is essential that compo- 
nents be balanced as to their fatigue life, with 
performance levels designed to achieve a 
logistically cost-effective life expectancy. The 
designer must consider preproduction testing 
and engineering data before he can select the 
components that will provide a system design 
with optimum durability. 

The adequacy of system design should be 
determined by extensive age and deterioration 
testing, with sufficient test hours on as large 
a sample of prototype systems as economically 
feasible, in order to establish maintainability 
and service life factors. Establishing a quan- 
titative relationship between maintainability 
and service life will contribute to the deter- 
mination of more efficient maintenance prac- 
tices and also provide the designer with fatigue 
and wear factors that influence life of com- 
ponents and, ultimately, the durability of the 
system. 

3-4.10  REDUNDANCY ARRANGEMENTS 

Redundancy exists when more of anything 
is provided than is necessary. It can exist in 
materiel in the form of extra strength, extra 
circuits, extra end items, etc. Normally, redun- 
dancy is considered to improve materiel 
reliability, but it can result in reduced reliabili- 
ty and frequently increases maintenance re- 
quirements. Maintenance engineering must 
understand what redundancy is, thoroughly 
understand its impact on system operation, and 
be well aware of the maintenance price that 
may be paid for any operational advantages. 

Redundancy has different connotations for 
each engineering specialist-for example, to the 

. structural engineer, a factor of safety; to the 
electrical engineer, a generator with the capaci- 
ty to handle an overload without damage; to 
the lubricating engineer, a lubricating supply 
of more than normal requirements to take care 

3-46 



AMCP   706-132 

of unforeseen eventualities; and to the reliabili- 
ty engineer, the capacity of a system to ex- 
perience failure of hardware items without 
causing system failure. This discussion will lim- 
it itself to the reliability and maintenance 
aspects of redundant assemblies, components, 
etc. 

A state of redundancy exists between two 
or more devices in parallel if one or more of 
the devices can fail without causing system fail- 
ure, but at least one of the devices must succeed 
for the system to succeed. Either simple or com- 
pound redundancy may exist, depending upon 
the requirements for the successful operation 
of the parallel devices. Additionally, active or 
standby redundancy can exist within the simple 
and compound categories. 

3-4.10.1   Simple Redundancy (Ref. 2)2 

If n devices are in parallel so that only 
one of the devices must succeed for the system 
to succeed, then the devices are said to be in 
simple redundancy. To illustrate this concept, 
the diagram or model of a two-part redundancy 
system is shown in Fig. 3-6. 

In other words, if part 1 fails, the system 
can still succeed if part 2 does not fail, and 
vice versa. However, if both parts fail, the sys- 
tem fails. 

From probability Theorem 3 (par. 3-3.1.2), 
it is known that the possible combinations of 
success/? and failure Q of two devices are given 
by Eq. 3-9. 

possible events  = RXR2   "■" Äj Q2 

+ QiÄ2 + QiQ2 
(3-9) 

Ibid. 

where 
RXR2 = both parts succeed 
R1Q2 = Part 1 succeeds and part 2 fails 
QiR, = part 1 fails and part 2 succeeds 
Q1Q2 = both parts fail. 

It is also known that the sum of these 
events equals unity, since they are mutually 
exclusive; i.e., if one event occurs the others 
cannot occur. 

So 
ÄiÄjä + RXQ2 + QXR2 +QlQ2 = 1.  (3-10) 

Since at least one of the parts or devices 
is expected to succeed in simple redundancy, 
the probability of this happening is given by 

R,R2 + RtQ2 + QyRt = 1 - QtQi.   (3-11) 

In simple terms: if the only way the redun- 
dant system can fail is by all redundant parts 
failing, then the probability of success must be 
equal to 1 minus the probability that all redun- 
dant parts will fail; i.e., R = 1 - Q from prob- 
ability Theorem 1 (par. 3-3.1.2). 

This reasoning can be extended to n redun- 
dant parts if at least one of the n parts must 
succeed for the system to succeed. 

Example: Suppose there are three ways 
that a space capsule can be guided: automat- 
ically, with Rl = 0.9; semiautomatically, with 
R2 = 0.8; manually, with R3 = 0.7. The 'model 
or diagram of successful guiding, assuming that 
the three ways are independent of each other, 
is shown in Fig. 3-7. 

From probability Theorem 3 (par. 3-3.1.2), 
the possible events are given by Eq. 3-12. 

R^R2R^  + R^R2Q3  + RiQ2Rs 

+ Q,R2R3   + R.QzQz   + Q.Q.^ 

+ Q1R2Q3   + Q1Q2Q3 (3-12) 

PART 1 
DOES NOT FAIl 

THEN 
SUCCESS 

IF 
OR 

PART 2 
DOES NOT FAIL 

Figure 3-6.   Simple Redundancy Model 
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AUTOMATIC CONTROL 
DOES NOT FAIL 

R   = 0.9 

CR 

SEMIAUTOMATIC 
CONTROL DOES NOT 

FAIL 
R,= 0.8 

CR 

MANUAL CONTROL 
DOES NOT FAIL 

R=     0.7 

THEN SUCCESSFUL 
GUIDING 

figure 3-7.   Space Capsule Guidance Model 

Since the sum of these probabilities is 
equal to unity, and since at least one of the 
control systems must operate successfully, then 
the probability R^d that guidance will be suc- 
cessful, is 

RGuid = -RjÄjÄg + RXR2Q3 + R\Q2Q3 

+ QiR2R3 + RiQ2Q3 

+ QiQ*R*+ QiR2Qs 
=  1 -  Q1Q2Q3 (3-13) 

=  1 - [(1-^0(1 -R2)(l-R3)) 
=   1 - [(1 - 0.9X1 - 0.8)(1 - 0.7)] 
=   1 -  [(0,1)(0.2)(0.3)] 
=   1 - (0.006) 
= 0.994. 

In general, then, it can be stated that for 
simple redundancy 

R Redundant ~~   1 ""i 

= 1 - [QiQ2Qs- ■ ■ Qn] 

where 

nQ; = total probability of failure 
i = l 

Q\ = probability of failure of the ith re- 
dundant part 

n  = total number of redundant parts 

3-4.10.2 Compound Redundancy (Ref. 2) 
Compound redundancy exists when more 

than one of n redundant parts must succeed 
for the system to succeed. This can be shown 
in a model of a three-element redundant system 
in which at least two of the elements must 
succeed, as shown in Fig. 3-8. 

From probability Theorem 3 (par. 3-3,1,2), 
the possible events are 

RXR2R3 + RXR2Q3 + R1Q2R3 

+ Q^Rs + RXQ2Q3 + QiQ2R3 
+ Q^Qa + QiQzQs 

as indicated by Eq. 3-12. 
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PART I 

P»«TS THEN 
SUCCESS 

II- 
PART 1 

NOT 
FAIL 

PART 3 

Figure 3-8.   Compound Redundancy Model 

To simplify the notation, let Rr = R, = R, 
and Qj = Q2 = Q3 This reduces the preceding 
expression to 

Ä3  + R2Q + R2Q + R2Q 

+ RQ2 + ÄQ2 + ÄQ2 + Q3    I       (3-14)' 
or 

R3 + 3R2Q + 3RQ? + Q3 

Since the sum of these probabilities equals 
unity, and at least two of the three parts must 
succeed, then the probability for success is giv- 
en by 

Rs = Rs  + 3R2Q I (3-15) 
=   1 - [3ÄQ2  + Q3]    j 

since 3ÄQ2 represents one part succeeding and 
two parts failing, and Q3 represents all three 
parts failing. • 

Example: Assume that there are four iden- 
tical power supplies in a fire control center and 
at least two of them must continue operating 
for the system to be successful. Let each supply 
have the same reliability, R = 0.9 (which could 
represent e~xt or Rt or R). Find the probability 
of system success R,. 

The number of possible events is given by 
(R + Q)i  = Ri  + 4RSQ  + 6i?2Q2    (3-16) 

+ 4ÄQ3  + Q? 

The sum of the probabilities of these 
events equals unity, so the expression for two 
out of four succeeding is 

Rs = Ri  + 4R3Q + 6Ä2Q2   j (3-17) 
=   1 - [4ÄQ3  + Q*]. 

Substituting R   = 0.9 and  Q =   1  - 0.9 
yields 

Ä, = 1  - [4ÄQ3  + Q*] 
= 1  - [4(0.9)(0.1)3   + (0.1)4] 
= 1 - [(3.6X0.001)  + 0.0001] 
= 1  - [0.0036 + 0.00011 
= 1  - 0.0037 
= 0.9963 

3-4.10.3 Active and Standby Redundancy 

The devices in parallel comprising either 
a state of simple or compound redundancy may 
all be active at all times, or the active devices 
at any time may be limited to those mandatory 
for system success. The first arrangement is 
called active redundancy and the second, stand- 
by redundancy. 

As an example of active redundancy in a 
system with simple redundancy, suppose that 
the model shown in Fig. 3-6 represents a system 
power source composed of two identical gen- 
erator sets, either of which is capable of sup- 
plying total system power requirements. If ac- 
tive redundancy is practiced, both generator 
sets will be operating, one on line and the other 
off line. Sensing circuits will monitor the output 
of the on-line set and switch the load to the 
off-line unit if the system primary power levels 
drop below a predetermined level. The off-line 
generator is often referred to as the standby 
generator, but represents active redundancy 
since it is operating and experiencing stresses 
associated with rotating machinery. The power 
supply example in the discussion of compound 
redundancy is an application of total active re- 
dundancy. Here, all four power supplies are 
implied to be on line at all times. As supplies 
fail, the remaining supplies share the added 
load. 

For either of the foregoing active 
redundancy examples, maintenance engineering 
should consider a true standby arrangement, 
provided such an arrangement will satisfy op- 
erational requirements. In the case of the gen- 
erator example, the off-line generator set could 
be completely shut down, and started manually 
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when the on-line set fails. Maintenance require- 
ments will be reduced because of lower gen- 
erator run times and, consequently, because of 
fewer failures and servicing requirements. 
Economies also can be realized from reduced 
fuel consumption. Except for fuel economies, 
an analogous discussion applies to the power 
supply example. 

34.10.4  Redundancy,Reliability,and Trade-offs 

The compound redundancy model (Fig. 3-8) 
points out that more than one of n redundant 
parts must succeed for the system to succeed. 
Such a requirement actually can reduce system 
reliability. When more than one redundant 
device must succeed, the use of more than one 
device is often a result of incorporating off- 
the-shelf hardware to reduce initial acquisition 
costs. In new design, it also can result from 
standardization goals, whereby units such as 
standard power supplies are used "building 
block" fashion, and a pair of these supplies is 
used in parallel when the load demands exceed 
that of a single unit. Maintenance engineering 
must trade off the resultant reliabili- 
ty/availability impact of compound redundant 
units against the advantages of a single higher 
reliability unit with adequate capacity for the 
task. Increased initial acquisition costs for a 
new-design single unit may be offset by lower 
life cycle support costs, along with overall sys- 
tem availability. 

A twin-engine aircraft illustrates the para- 
doxical manner in which a fixed hardware ar- 
rangement can be considered either redundant 
or nonredundant, by virtue of the operational 
mode under consideration. During a flight 
(assuming adequate single-engine performance 
for mission completion), the reliability of two 
engines exceeds that of a single engine since 
each engine is statistically an independent unit 
and simple redundancy exists. The single-engine 
aircraft, given an engine type the same as that 
of the other aircraft, has a higher probability 
of complete power loss (and termination of the 
mission) over the same number of flight hours. 

A different situation exists at the start of 
a mission. No twin-engine aircraft, military or 
civil, will start a flight without both power 
plants operating normally. A zero redundancy 
condition then  exists because  both  of the 

formerly redundant units must be operating 
properly. As for the probability of operation, 
if the probability of one engine operating is 
R, the probability of two engines operating is 
R2. The twin engines not only reduce aircraft 
availability, but engine maintenance is doubled, 
which adversely impacts requirements for per- 
sonnel, repair parts, etc. Pf it is assumed that 
the power of two of the engines being discussed 
is an operational requirement, maintenance en- 
gineering should trade off the costs of a single, 
more powerful engine and its support versus 
similar costs for two of the smaller engines per 
aircraft. 

A requirement exists for trade-offs be- 
tween mission requirements and potential added 
maintenance costs whenever redundancy is con- 
sidered. The lower maintenance and initial ac- 
quisition cost of a single-engine aircraft must 
be traded off against mission requirements, 
probability of failure, and the system impact 
if failure occurs. Similar trade-offs are required 
when considering dual generators, power sup- 
plies, transmitters, backup guidance systems, 
backup relays, and other redundant hardware. 
Mission essentiality always must be considered 
in evaluating alternatives. If a police radar unit 
is down because its single power supply fails, 
it is a source of aggravation to the police, but 
no real harm is done. On the other hand, the 
failure of a ground control radar, due to a lack 
of backup power, can have disastrous results 
for an aircraft under control during certain 
weather and terrain conditions. 

Once trade-offs have been conducted and 
an approach selected, maintenance engineering 
continually must monitor the design to insure 
that the advantages of the selected approach 
are not compromised. For example, a simple- 
redundancy, standby arrangement was chosen 
for the generators in some ground support 
equipment. When one generator was running, 
the other was off, and the arrangement met 
system availability requirements. The mainte- 
nance concept was such that maintenance could 
be performed on the passive unit while the oth- 
er was operating. This quite logical approach 
was scuttled when a design decision was made 
to mount the units in such a way that work 
on the passive unit was impossible because of 
the safety hazard presented by the proximity 
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of the operating unit. Additional maintenance 
engineering influence corrected the situtation, 
but this type of incident emphasizes the need 
for continual monitoring of design activity by 
the maintenance engineer. The monitoring task 
is all inclusive and continuous, beginning with 
quantitative design and redundancy require- 
ments at the system level and encompassing 
all levels of design, down to paralleling of piece 
part hardware. 

3-4.10.5  Examplesof Redundancy in Materiel 
(Ref. 1) 

Some examples of redundancy in various 
types of materiel are: 

a. Dual electrical power supply, each ca- 
pable of fulfilling the product mission 

b. Electrical plugs on outside of product, 
to supply product with power normally gener- 
ated on board 

c. Dual or multiple prime movers, each, 
or in combination, capable of sustaining sat- 
isfactory motion 

d. Front and rear drives on land vehicles 
separately driven from prime mover, each ca- 
pable of continuing their function in the event 
the other fails 

e. Multiple braking systems, each capable 
of operation should the other fail 

/ Hand crank on engines with self- 
starters, to crank engine in the event self- 
starter fails 

g. Auxiliary power plants, to substitute for 
main power source 

h. Multiple sealed compartments in floats, 
boat hulls, etc., each, or in combination, capable 
of sustaining flotation 

i. Dual control systems, either of which 
will serve the intended mission or function. 
Typical are: 

(1) Two identical controls 
(2) Power plus mechanical activation 
(3) Dual cable, wire, or push rod 

j. Dual electrical or electronic circuits, 
each able to substitute for the other 

k. Dual vehicle tires on one axle, each ca- 
pable of carrying the load in case the other 
fails 

I. Multiple fuel tanks, each capable of be- 
ing valved to serve all engines or a combination 
thereof 

m. Dual fuel systems, each capable of sup- 
plying an engine in the event the other fails 

n. Tire tube inside an outer tire tube, to 
carry the load and fulfill the mission in the 
event the outer tube fails 

o. Two or more fasteners, each, or in com- 
bination, capable of carrying the load in the 
event the other fails 

p. Multiple fuzes on ordnance items, to 
further assure satisfactory action in the event 
the others malfunction or fail 

q. Local manual fire control, to substitute 
for automatic fire control on military items 
(guns, missiles, etc.) 

r. Telescopic rangefinders, to substitute 
for radar rangefinders 

s. Multiple bilge pumps, each having its 
own sources of energy, and capable of per- 
forming the function of the other 

t. Visual or audible warning system, to op- 
erate simultaneously with, for example, an 
automatic fire extinguishing system 

u. Multiple fire extinguishing systems, 
each capable of being directed into the other's 
normal area 

v. Multiple escape means, to afford quick 
exit from a single compartment in an emer- 
gency 

w. Two or more methods for shutting down 
a device, in the event the normal method fails 

x. Military fire control systems for a single 
weapon or battery, capable of alternate use with 
gun or missile without delay 

y. Alternate air intake source to 
carburetors, to prevent or correct icing or con- 
tamination 

z. Oil tanks of sufficient size to permit 
continued satisfactory lubrication even though 
a small leak or seepage exists 

aa. Resettable circuit breakers, capable of 
immediate reuse, and without having to replace 
a less complicated item such as a fuse 

3-5 \ 



AMCP  706-132 

ab. Test or calibration equipment with uni- 
versal capability; for example: 

(1) Multifunction meters capable of 
reading volts, ohms, amperes, and watts 

(2) Universal missile checkout device 
capable also of serving more than one type of 
missile 

ac. Dual means of communication, such as 
a telephone intercommunication system, horn, 
bell, light, etc. 

ad. Frequency change equipment in a radio 
transmitter or receiver, to permit two or more 
radios normally used on two or more channels 
to be substituted for each other 

ae. Stiffened fuselage bellies, capable of 
reasonably resisting forced belly landings in the 
event of landing gear failures 

af. Manual overrides on power-actuated 
components, such as on retractable aircraft 
landing gears, power-driven hatches, flight con- 
trols, ship steerage, etc. 

3-5 MAINTENANCE ENGINEERING 
INFLUENCE ON MAINTAINABILITY 
ASPECTS DURING DESIGN 

Maintainability is a characteristic of de- 
sign and installation which is expressed as the 
probability that an item will be retained in or 
restored to a specified condition within a given 
period of time, when the maintenance is per- 
formed in accordance with prescribed proce- 
dures and resources. 

During materiel design, maintenance en- 
gineering continually conducts analyses and 
trade-offs to insure that optimum maintainabili- 
ty is incorporated into design. The identification 
of trade-off candidates is based on historical 
data, experience, and judgment. All candidates 
must satisfy operational requirements, and this 
fact is implicit in the remainder of this dis- 
cussion. The purpose of the trade-offs is to 
select design features that will reduce life cycle 
support costs more than they increase acquisi- 
tion costs. 

Maintenance engineering maintains cur- 
rent knowledge of the status of materiel design 
through program documentation, personal con- 
tact with engineers, review of mock-ups, mod- 
els,   and  prototype  hardware,  and  design 

reviews. Maintainability design reviews provide 
an excellent source of information since they 
are devoted exclusively to the review of design 
features in which maintenance engineering has 
great interest. In evaluating design at such 
reviews, maintenance engineering draws heavily 
on historical data and experience. 

In evaluating a design either from a draw- 
ing or at a design review, maintenance engi- 
neering is interested in establishing or improv- 
ing design features that reduce support costs 
and simplify and reduce maintenance. There is 
a multitude of such design features. A few of 
the most important are discussed in the para- 
graphs that follow. 

Support costs can be reduced by stand- 
ardization. The single most important stand- 
ardization requirement, and it is normally not 
considered standardization, is to design materiel 
so that it can be supported within the existing 
logistic system. Any other design will generate 
a host of expenses and problems. One of the 
actions required to attain the overall stand- 
ardization goal is to design materiel so that 
standard test equipment, repair parts, and 
fasteners can be used. An additional design re- 
quirement is to keep the number of different 
types of these items to a minimum. Support 
costs also can be reduced by reducing the re- 
quired quantity of repair parts, whether stand- 
ard or nonstandard, and by simplifying and re- 
ducing maintenance. 

The ultimate way to simplify and reduce 
maintenance is to eliminate it. Maintenance en- 
gineering should insure that maintenance-free 
components and assemblies are incorporated 
into design whenever this is cost-effective. 
Maintenance simplification without reducing 
maintenance frequency can be attained by de- 
signing materiel for maximum accessibility and 
for ease«.of maintenance. The need for 
accessibility applies to both corrective and pre- 
ventive maintenance. 

Simplification of maintenance also can be 
attained with a design that is oriented toward 
optimum organizational maintenance require- 
ments. Such a design almost always incorpo- 
rates modular features. When discard-at-failure 
modules are used, maintenance is not only sim- 
plified, but reduced. 
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Maintenance reduction without sim- 
plification can be achieved through design. An 
example of this is the design of a circuit with 
self-protective features. Such features can pre- 
clude both operating damage, as from voltage 
surges, and maintenance damage. A second ex- 
ample is to select and install wires and cables 
properly that will not fail as a result of natural 
and induced environments. 

3-5.1   TRADE-OFF PARAMETERS 

Trade-off analysis is the process of analyz- 
ing and evaluating possible alternative solutions 
to a problem and then choosing the solution 
that best satisfies the explicit and implicit con- 
straints. Explicit constraints are operational pa- 
rameters such as speed, weight, accuracy, and 
availability. Implicit constraints may be tan- 
gible, such as state of the art limitations, or 
intangible, such as user acceptance of a new 
concept. 

The reason for trade-off studies is to reach 
optimum design versus support decisions. Op- 
timization can be attained only by considering 
all facets of a problem. Alternatives that are 
patently unacceptable should be identified but 
not treated in depth during the trade-off 
analysis study period. It is emphasized, how- 
ever, that the validity of trade-off decisions de- 
pends on the completeness and thoroughness of 
the study. Tentative relationships, if properly 
developed, are frequently useful for making 
gross comparisons of alternatives. Care must 
be exercised not to use relationships that are 
overly sensitive to the parameters being varied. 

Trade-offs during early materiel program 
phases involve operational, maintenance, and 
support parameters. All parameters are loosely 
bounded in such trade-offs. Consider a guided 
missile system. Large payloads in economical, 
relatively inaccurate missiles might prove to be 
more cost-effective than small payloads in high- 
ly sophisticated missiles. Similarly, large 
numbers of missiles of relatively low reliability 
might be more cost effective than the required 
numbers of highly reliable missiles. Mainte- 
nance concepts might range from discarding a 
missile at failure to complete repair. All logical 
design and support combinations that show 
promise of satisfying operational requirements 
are traded off, and a basic design and a support 
approach are selected. 

Operational parameters become relatively 
firm after the foregoing trade-offs, as does the 
basic hardware design. Subsequent trade-offs 
are largely between maintenance and support 
parameters to determine how established oper- 
ational requirements can be satisfied most eco- 
nomically. The operational parameter of avail- 
ability comprises a prime trade-off area. Nu- 
merous combinations of reliability and main- 
tainability will provide a specified availability, 
and each combination impacts virtually all sup- 
port parameters and acquisition and life cycle 
costs. During these trade-offs, materiel repair 
levels, maintenance locations, and test and 
packaging concepts are established. 

A final series of trade-offs involves the 
verification, refinement, and definition of pre- 
viously established maintenance and support 
parameter concepts. For example, automatic 
test equipment could be a maintenance param- 
eter concept. It is now determined whether or 
not this should be built-in test equipment. 

To make final determinations regarding 
maintenance and support parameters, it is nec- 
essary to consider test levels and packaging 
concurrently and examine the impact on sup- 
port parameters at all maintenance levels. All 
logical maintenance parameters are traded off. 
Any design feature that will eliminate, reduce, 
or simplify maintenance is examined in detail 
for its impact on the support parameters and 
life cycle costs. Finally, support concepts are 
traded off. Such trade-offs might not affect 
maintenance parameters, but can heavily im- 
pact support parameters. For example, a trade- 
off between field maintenance and aepot main- 
tenance will affect, at a minimum, require- 
ments for personnel, training, support equip- 
ment, facilities, and transportation. 

All maintenance and support parameter 
trade-offs are important, but possibly the most 
important decisions applicable to all types of 
materiel that must be established by trade-offs 
concern: 

a. Modularization 

b. Repair level 

c. Fault isolation 

d. Maintenance concept 

e. Maintenance complexity 

/ Reliability 
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g. Adjustments 

h. Calibration 

/'. Accessibility 

j. Standardization 

k. Interchangeability 

/. Logistic requirements. 

3-5.2   MAINTAINABILITY DESIGN REVIEWS 

Design reviews of a materiel development 
program are conducted at critical points during 
the development cycle. The purpose of the 
reviews is to evaluate the status of the pro- 
gram, accomplish effective coordination, and fa- 
cilitate timely management decisions. These 
reviews provide an efficient method for main- 
tainability and maintenance engineering person- 
nel to see what has been accomplished and what 
remains to be accomplished in the area of main- 
tainability. Concurrently, maintenance engi- 
neering makes similar determinations per- 
taining to closely allied disciplines such as 
reliability, human factors, and safety. 

Initially, design reviews deal with con- 
cepts. As the materiel program evolves, con- 
cepts become specifications and specifications 
lead to hardware. In general, design reviews 
are conducted at each transition point. The ma- 
jor purpose of the conceptual review is to assure 
that the selected design concept will satisfy 
maintainability requirements and will be cost- 
effective. Quantitative data on which to base 
decisions are limited. 

At the time that specifications become 
available, initial materiel design is nearly com- 
plete and some components and assemblies will 
have undergone some development testing. The 
capability of materiel design to satisfy main- 
tainability requirements is evaluated by making 
a formal maintainability prediction. In the 
event of deficiencies, design recommendations 
are made. This is the last chance to influence 
design with relative economy. Subsequent 
changes will impact hardware rather than 
drawings. 

After hardware becomes available and 
some test data are generated, maintainability 
deficiencies may be identified with relative 
ease, both before and during design reviews. 
Once again, design recommendations to correct 

deficiencies are submitted. The recommenda- 
tions pertaining to deficiencies that keep 
materiel from satisfying operational require- 
ments (design specifications) normally receive 
approval. Other recommendations normally will 
be disapproved unless they can be effected with 
minimum cost impact, or demonstrate an over- 
whelming savings in support resources. 

It is quite difficult to insure, through con- 
ceptual and specification reviews, that full and 
adequate provisions have been made for main- 
tainability. This is mainly because there is such 
a variety of requirements to be considered, and 
it is difficult to visualize the hardware config- 
uration that will eventually emerge. It is 
relatively easy to determine deficiencies in 
hardware but, as has been pointed out, it is 
difficult to get design changes accepted at this 
time. To make complete, timely maintainability 
recommendations, maintainability checklists are 
prepared and used. 

A properly prepared maintainability check- 
list should encompass basic maintainability 
principles, as well as specific parameters ap- 
plicable to the class of materiel being reviewed. 
It can be prepared most efficiently by starting 
with checklists that have been used during 
maintainability design reviews of similar 
materiel (including hardware reviews), and 
resulting maintainability reports. This should 
be augmented with field data, when available. 
Such documentation will highlight potential 
problem areas, and may permit discovery of 
deficiencies in the design stage that otherwise 
would have been undiscovered until hardware 
was fabricated. 

Besides operational hardware, maintenance 
engineering has a design review interest in the 
planning and progress associated with the def- 
inition and acquisition of support resources. It 
is necessary to insure that adequate support 
equipment, trained personnel, documentation, 
repair parts, etc., will be available when re- 
quired. This effort also requires a checklist and, 
as before, preparation of the checklist best can 
be accomplished by using previous design 
review documentation and field usage data as 
source information. 
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3-5.3   DESIGN ORIENTED TO ORGANIZATIONAL 
MAINTENANCE LB/HJS 

Materiel design and its optimum mainte- 
nance concept are interdependent. Repair level, 
repair location, modularization, fault isolation, 
and similar decisions must be made con- 
currently as a result of comprehensive cost- 
effectiveness trade-offs. Normally, such trade- 
offs will demonstrate the desirability of keeping 
maintenance functions at the organizational lev- 
el simple and capable of rapid performance. 
This situation results from a combination of 
operational requirements and life cycle costs. 

The operational requirement that estab- 
lishes the maximum and average times avail- 
able for corrective and preventive maintenance 
is availability. Usually, these times are of 
relatively short duration, and a rapid repair 
capability becomes necessary to satisfy the re- 
quirement. 

Once operational requirements are satis- 
fied, additional simplification or time decreases 
in organizational maintenance must be justified 
on the basis of cost effectiveness. The Army- 
wide cost benefits accruing from such design 
changes are reduced requirements for personnel 
skills and numbers, support equipment, and fa- 
cilities. Equally important, simple and quick or- 
ganizational repairs are more likely to be 
reliable than complex and lengthy ones. 

The simplification of organizational main- 
tenance can be accomplished in a variety of 
ways, and each will have a unique impact on 
total support resource requirements. Three 
greatly simplified examples will demonstrate 
this statement. If organizational maintenance 
is simplified through improved mechanical and 
electrical packaging and accessibility, organiza- 
tional personnel can perform more work in less 
time, and the maintenance load and resource 
requirements normally will decrease at the oth- 
er levels. This is true because the organization 
is performing some maintenance that previously 
was performed by higher maintenance levels. 
Acquisition costs of the prime materiel normal- 
ly will increase insignificantly. 

If organizational maintenance is simplified 
through improved mechanical and electrical 
packaging   and  accessibility and built-in test 

equipment, organizational maintenance person- 
nel can perform more work in less time, but 
added maintenance resources (personnel, sup- 
port equipment, and repair parts) will be re- 
quired somewhere in the support subsystem to 
support the added test equipment. Additionally, 
acquisition costs of the prime materiel normally 
will increase. 

The foregoing examples assume repairable 
modules. If a concept of discarding modules at 
failure is added to the second example, the or- 
ganizational maintenance workload will not 
change, the maintenance workload at higher 
maintenance levels will decrease, and repair 
part costs normally will increase, since repair 
is effected by replacing and discarding a module 
comprising multiple parts rather than by 
replacing and discarding a single part. The re- 
pair part costs normally will be offset to some 
degree by improved reliability and reduced 
manufacturing costs that may be realized by 
using discard-at-failure rather than repairable 
modules. Compared to the second example, ac- 
quisition costs of the prime materiel will not 
be affected significantly. 

In addition to the cost factors identified 
for the three design and maintenance approach- 
es, each approach will generate unique technical 
data, training, transportation, support equip- 
ment, and, perhaps, facility costs. The only way 
to select the most cost-effective materiel design 
and support subsystem combination is to con- 
duct cost trade-offs. 

3-5.4   SYSTEM COMPATIBILITY 

The Army logistic system consists, in part, 
of the concepts, management and control sys- 
tems, and resources required to acquire and 
maintain materiel and facilities (see par. 3-4). 
Any facet of a new materiel program that re- 
quires a modification of the logistic system is 
a potential source of unnecessary trouble and 
costs. This does not mean that it is always un- 
desirable to effect a change. No changes result 
in no improvements. However, when feasible, 
new materiel should be designed to be acquired 
and supported within the existing logistic sys- 
tem. Exceptions to this principle are acceptable 
only when dictated by state-of-the-art consid- 
erations, or where cost savings and improved 
effectiveness can be demonstrated. 
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Materiel not compatible with the logistic 
system is most apt to impact the logistic ele- 
ments of movement, maintenance, and facil- 
ities. For movement, the logistic system envis- 
ions the use of existing and planned military 
and commercial vehicles to move materiel by 
highway, rail, airplane, and ship. Materiel that 
cannot be moved by standard vehicles in all 
transportation modes inhibits the flexibility of 
the Army to move equipment rapidly and eco- 
nomically from point to point. Materiel size and 
fragility are two factors to consider. Size can 
limit transportation to a small percentage of 
existing vehicles, or can result in a requirement 
for new vehicles. Shock and vibration limita- 
tions can preclude the use of rail and sea trans- 
portation, and require expensive packaging to 
protect items when moved by other trans- 
portation modes. Materiel sensitive to non- 
nuclear radiation generates a requirement for 
route surveys and restricts permissible routing. 
Temperature limitations can generate a host of 
transportation problems. 

The maintenance element of the logistic 
system is particularly sensitive to new require- 
ments for personnel skills, support equipment, 
lines of repair parts, and equipment publica- 
tions. New skill requirements can trigger new 
recruiting requirements, and always result in 
new training courses and all of the attendant 
student and school expenses. 

New support equipment requirements gen- 
erate new personnel and training requirements, 
and provisioning and supply management ex- 
penses. New lines of repair parts also generate 
provisioning and supply management expenses. 
Both support equipment and repair parts even- 
tually impact the previously discussed logistic 
element of movement. All maintenance- 
associated requirements discussed so far impact 
equipment publication requirements. 

Maintenance and storage facilities are as- 
sociated closely with maintenance. New mobile 
and temporary facilities perturb the logistic 
system to a limited degree, but permanent fa- 
cilities such as depots and fixed general support 
unit shops have deep implications. This is partly 
because of the structures, but mainly because 
of the personnel and support equipment asso- 
ciated with a fixed facility operation. 

The impact of new logistic requirements 
on the logistic system is somewhat proportional 
to the degree by which the new requirement 
exceeds the existing capability, as long as the 
existing capability can be appropriately mod- 
ified. If an absolutely new capability is re- 
quired, the impact can become extremely 
significant. An example of this is a requirement 
for a new skill. If the new skill can be attained 
by retraining an existing skill, and if there is 
a sufficient number of the existing skills, the 
problem can be solved with the expenditure of 
training resources. On the other hand, if skill 
requirements exceed the skill inventory and 
retraining is not feasible, there is a problem 
that will require extraordinary effort in effect- 
ing a solution. 

3-5.5   REPAIR PARTS STANDARDIZATION (Ref. 1) 

Repair parts standardization is an effort 
to effect optimum interchangeability of repair 
parts and components, and thereby reduce sup- 
ply management and procurement costs. It is 
an intra-Army as well as an interservice ac- 
tivity. When standardization is carried out to 
a maximum degree, it results in substantial cost 
savings, has favorable reliability implications, 
and usually assists in making materiel more 
maintainable. It should be noted that the stand- 
ardization of materiel end items is the most 
effective way of standardizing repair parts and 
components. 

The primary goals of a standardization 
program are to: 

a. Reduce the number of different models 
and types of equipment in use. 

b. Maximize the use of common parts in 
different equipment. 

c. Minimize the number of different types 
of parts, assemblies, etc., and attendant supply 
problems and make maximum use of standard, 
interchangeable items. 

d. Use only a few basic types and varieties 
of parts, assemblies, etc., and ensure that those 
parts are readily distinguishable, compatible 
with existing practices, and used consistently 
for given applications. 

Maintenance engineering assists in the at- 
tainment  of these goals by reviewing design 
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and, later, materiel to insure that stand- 
ardization principles are being followed. Some 
typical requirements are: 

a. Make all items subject to removal and 
replacement standard and uniform. 

b. Use standard available parts rather than 
those of special manufacture. 

c. Avoid parts made by only one manu- 
facturer, when feasible. 

d. Insure that all parts having the same 
manufacturer's part number are directly and 
completely interchangeable with regard to form, 
fit, and function. 

e. Insure that like assemblies, components, 
etc., are directly and completely interchange- 
able when they are procured from multiple 
sources. 

Standardization results in a wide range of 
advantages, whose aggregate results in im- 
proved cost-effectiveness. Specifically, stand- 
ardization will: 

a. Avoid requirements for special tools, 
etc. 

b. Save design time, manufacturing cost, 
and maintenance time and cost. 

c. Result in more uniform and predictable 
reliability. 

d. Minimize the danger of misapplication 
of parts, assemblies, etc. 

e. Prevent accidents that arise from im- 
proper or confused procedures. 

f. Facilitate "cannibalizing" maintenance 
procedures. 

g. Reduce errors in wiring, installation, re- 
placement, etc., due to variations in character- 
istics of similar equipments. 

h.  Reduce supply management costs. 

i.  Reduce materiel modification costs. 

j. Reduce the number of line items that 
must be stocked at all maintenance levels. 

In spite of the many benefits that accrue 
from standardization, efforts in this direction 
must be guided by prudent judgment. Frequent- 
ly, improved performance requirements for 
materiel preclude the application of standard 
parts.  In such cases, it should be established 

unequivocally early in a materiel program that 
the advantages of improved performance out- 
weigh the advantages of standardization. Once 
this is an established fact, maintenance engi- 
neering should not fight the problem, and 
should devote standardization attention only to 
the viable candidates in the program, such as 
multiple usage of the nonstandard parts. 

3-5.6   REDUCE LEVEL OF TECHNICAL SKILLS 
REQUIRED (Ref. 1) 

The level of organizational technical skills 
required to perform materiel maintenance 
always can be reduced by the use of modular 
construction. The level of skills required at all 
maintenance levels can be reduced if the mod- 
ules are discarded at failure; otherwise, a high- 
er maintenance skill is required at some level 
to effect the repairs not accomplished by the 
organizational level. There is a tendency to 
think of modular construction as being almost 
exclusively associated with electronic equip- 
ment, but this is an incorrect concept. Normal- 
ly, electronic equipment can be modularized to 
a greater degree than mechanical equipment, 
but the fundamental benefits of modularization 
apply equally to all materiel types. 

Advances in microelectronic engineering 
make it possible to package many circuits (func: 

tions) into extremely small volumes. These in- 
tegrated circuits have low power requirements 
and exceptionally high reliabilities. Their initial 
cost is competitive with the cast of similar cir- 
cuits that have discrete, solid-state components. 
Considering the reduced maintenance costs that 
result from improved reliability, integrated cir- 
cuits cost less than discrete circuits on a life 
cycle basis. Assuming that they are not mis- 
applied, most integrated circuits that do fail, 
do so as a result of manufacturing problems 
rather than wear-out. Manufacturing processes 
and production acceptance testing are improv- 
ing continually. Packaged microelectronic cir- 
cuits frequently are designed as discard-at- 
failure modules. Due to their high reliability, 
redundant modules normally are not required 
to achieve required system availability. Con- 
versely, the circuits make it economically and 
technically feasible to incorporate a self-repair 
capability into materiel by providing redundant 
circuits. 
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3-5.6.1   Modules 

A module is a functional materiel entity 
that may be comprised of a complete materiel 
end item, or any portion thereof. In the event 
that it is a part of an end item, it must be 
capable of being economically removed, re- 
placed, maintained if necessary, tested, trans- 
ported, and handled. For example, a module 
may consist of a missile, a missile section, an 
electronic chassis, a printed wiring board, a 
tank engine, or -a hydraulic pump. The degree 
to which the concept is applied depends on the 
particular application of the equipment, its 
practicality, and cost-effectiveness. 

Modules can be designed to be fully re- 
pairable, partially repairable, or non- 
maintainable. In a fully repairable design, all 
parts should have maximum life expectancy, be 
easily accessible, and capable of being removed 
without special tools. In a partially repairable 
design, the replaceable parts should be chosen 
so that their life expectancies are approximately 
equal, are removable and replaceable without 
special tools, and are readily accessible. A non- 
maintainable design should have all parts de- 
signed for approximately equal life ex- 
pectancies. 

3-5.6.2  Advantages 

The concept of modularization creates a 
divisible configuration to maintain. Trouble- 
shooting and repair of modules, therefore, can 
be performed more rapidly. Utilization of this 
technique to the fullest extent improves ac- 
cessibility, makes possible a high degree of 
standardization, provides a workable base for 
simplification, and provides the best approach 
to maintainability at all maintenance levels. 

Modular construction offers particular ad- 
vantages at the organizational level of main- 
tenance. Because of the grouping of similar 
functions in a module, fault isolation is facil- 
itated. Modules then can be removed and re- 
placed with relatively low skill levels and min- 
imum tools. This accomplishes a prime objective 
of maintainability—the reduction of downtime 
to a minimum. Defective modules can be dis- 
carded (if nonmaintainable), salvaged, or sent 
to a higher maintenance level for repair. 

Other advantages of modules are that 
materiel modifications can be efficiently incor- 
porated, and better utilization can he made of 

high skill levels and support equipment. Mod- 
ifications can be incorporated by modifying 
modules at an optimum maintenance level, and 
shipping the modules to organizational activ- 
ities for installation. High skill levels can be 
grouped with appropriate support equipment in 
a field level maintenance organization, or at the 
depot, and accomplish maintenance for a 
number of using organizations. 

3-5.6.3  Design Considerations 

In designing for modular construction, the 
following principles should be considered: 

a. The materiel should be divided function- 
ally into as many modular units as are 
electrically and mechanically practicable in 
keeping with efficient use of space and overall 
reliability. 

b. An integrated approach should be used, 
considering simultaneously the problems of ma- 
terials, component design, and application of 
the modular concept. 

c. When feasible, modules and component 
parts should be approximately uniform in basic 
size and shape for the best packaging. 

d. A modular unit should contain compo- 
nents that are optimized for a given function 
rather than providing multiple, divergent func- 
tions. 

e. Modular units or subunits should be de- 
signed to permit testing when removed from 
the equipment and little or no calibration after 
replacement. 

f. The physical separation of equipment 
into replaceable units should be matched with 
the functional design of the equipment. This 
will maximize functional independence of units 
and minimize interaction between units. 

g. When an assembly can be made up of 
two or more subassemblies, the major assembly 
should be designed so that it consists of sub- 
assemblies that can be removed independently, 
without removal of the other subassemblies. 
This is especially valuable when the various 
subassemblies have widely varying life ex- 
pectancies. 

h. Design all materiel so that rapid and 
easy removal and replacement of malfunction- 
ing  components  can be accomplished by one 
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technician, unless it is structurally or function- 
ally not feasible. 

/'. When possible, modules should be made 
small and light enough for one man to handle 
and carry. Handles should be provided on units 
that can be manhandled and weigh more than 
10 lb, and easily accessible lifting points should 
be provided on modules that must be lifted me- 
chanically. 

j. When possible, each module should be 
capable of being checked independently. If ad- 
justment is required, the module should be de- 
signed so that it can be adjusted separately 
from other units. 

k. Control levers and linkages should be 
designed so that they can be disconnected easily 
from components to permit easy removal and 
replacement. 

I. Modularization should be emphasized for 
forward levels of maintenance to enhance op- 
erational capability. Modularization versus 
parts replacement for shop and depot mainte- 
nance can be determined to a considerable ex- 
tent by cost factors. 

m. If all components of a module except 
one or two are reliable, the module should be 
designed so as to particularly facilitate the re- 
moval of the unreliable components from the 
module. 

n. When possible, consistency should be ob- 
served in pin arrangements on electronic mod- 
ules; i.e., input power pin, output signal pin, 
etc., in identical locations. 

3-5.6.4  Disposable Module Considerations 

A disposable module is a module designed 
to be discarded rather than repaired after it 
has experienced a validated failure. Since dis- 
posable modules are the only ones that result 
in elimination rather than transfer of mainte- 
nance to other levels, they are of extreme 
significance to maintenance engineering. In the 
past, it was quite difficult to convince man- 
agement that it made economic sense to discard 
rather than repair a module costing several 
hundred dollars. Fortunately, this attitude is 
changing, but a maintenance engineering trade- 
off that convinces all management levels that 
a relatively expensive module should be dis- 
carded rather than repaired at failure remains 

a challenging assignment. This is as it should 
be, because, once made, a decision to use dis- 
posable modules is extremely expensive and 
time consuming to reverse. 

3-5.6.4.1   Advantages and Disadvantages 

The most significant advantage of a dis- 
posable module is that it reduces maintenance 
personnel, support equipment, and resource re- 
quirements, and hence support costs. This ad- 
vantage could be negated by the fact that, nor- 
mally, the module can be designed for main- 
tenance, and upon failure can be repaired by 
the replacement of a relatively inexpensive com- 
ponent. This requires the application of 
resources that were noted as savings under the 
disposable concept. The basic question is wheth- 
er the life cycle costs for disposable modules 
are less than those for the maintainable mod- 
ules. If the answer is positive, disposable mod- 
ules should be selected. 

Disposable modules have other advantages 
and disadvantages, but they would rarely in- 
fluence a selection decision unless the two sets 
of costs previously discussed are almost iden- 
tical. Table 3-10 lists both the primary and sec- 
ondary advantages and disadvantages. 

3-5.6.4.2 Design Requirements 

Once a decision is made to discard modules 
at failure, they should be designed, manufac- 
tured, and installed to meet the following 
criteria to the greatest feasible extent: 

u. Expensive parts are not discarded for 
failure of cheap parts. 

b. Long-life parts are not thrown away for 
failure of short-life parts. 

c. Low-cost and noncritical items are, in 
general, made disposable. 

d. Disposable modules are encapsulated 
whenever practical. 

e. All encapsulated modules are designed 
for disposal at failure. 

f. The maintenance level of discard at fail- 
ure is clearly specified. 

9. Test procedures to be applied before dis- 
posal are clearly specified and provide clear and 
unequivocal results. 

h. The identification plate or placarding is 
marked: DISPOSE AT FAILURE. 
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TABLE 3-10. ADVANTAGES AND DISADVANTAGESOF DISPOSABLE MODULES 

Advantages Disadvantages 

1. Savings in repair time, tools, facilities, 
and manpower. 

2. Smaller, lighter, denser, simpler, and 
more durable, and more reliable design. 

3. Fewer types of repair parts and a one- 
way supply system, at least for the 
item. 

4. More concise and less difficult trouble- 
shooting procedures. 

5. Use of sealing and potting techniques 
that further improve reliability. 

6. Improved standardization and inter- 
changeability of 'modules and assem- 
blies. 

1. Module discarded for each validated 
failure results in increased repair 
part costs. 

2. Excessive usage rates through er- 
roneous replacement. 

3. Increased supply burdens because 
modules must always be on hand. 

4. Reduction in failure and maintenance 
data to aid design improvement. 

5. Redesign problems and costs because 
such modules cannot be modified. 

6. Degraded performance and/or 
reliability as a result of production 
efforts to keep modules economical 
enough to justify disposal. 

3-5.7   STANDARDIZE FASTENER TYPES (Ref. 1) 

Fasteners are available in a wide variety 
of types and sizes, and new types are constantly 
appearing. The inventory of required tools and 
fasteners, as well as the publication effort, is 
adversely affected by numerous, dissimilar 
fasteners. Maintenance engineering, therefore, 
establishes requirements to standardize fastener 
types and sizes, and monitors design to insure 
that the requirements are satisfied. Before es- 
tablishing the requirements, fastener types and 
their application must be considered. 

3-5.7.1   Types of Fasteners 

Fasteners are used to join together two 
or more parts, components, or units. They in- 
clude devices such as quick-release fasteners, 
latches and catches, captive fasteners, 
combination-head bolts and screws, regular 
screws, internal wrenching screws and bolts, 
and rivets. Each type has certain advantages 
for various applications. The following para- 
graphs contain some general recommendations 
and applications for each type of fastener in 
order of preference: 

a. Quick-release Fasteners. Quick-release 
fasteners, also called cowl fasteners or panel 
fasteners,  are fast and easy to use,  do not 

always require tools, may be operated with one 
hand, and are very good for securing plug-in 
components, small components, and covers. 
However, their holding power is low and they 
cannot be used where a smooth surface is re- 
quired. They should be evaluated carefully on 
the basis of type and application, and used, 
whenever possible, for components that' must 
be frequently dismantled or removed. 

b. Latches, Catches, and Clamps. Latches 
and catches are very fast and easy to use, re- 
quire no tools, have good holding power, and 
are especially good for large units, panels, cov- 
ers, and cases. They cannot be used where a 
smooth surface is required. Latches and catches 
should be located and positioned so that ac- 
cidental opening is minimized. Clamps of the 
quick-release type should be provided for hold- 
ing wires, tubing, or hoses that must be re- 
moved frequently. Hinged clamps are preferable 
for mounting tubing or wiring on the face of 
a panel. Such clamps facilitate maintenance by 
supporting the weight of the line, thus freeing 
both hands for the required task. 

c. Captive Fasteners.  Captive fasteners, 
stay in place, save the time spent handling and 
looking for bolts and screws, and require only 

3-60 



AMCP   70G-132 

one-handed operation. They are somewhat slow- 
er and more difficult to use than the previously 
described fasteners. Captive fasteners should be 
used whenever lost screws, bolts, or nuts might 
cause excessive maintenance time, or could 
cause damage as a foreign object. Their use 
should be limited only to the type that can be 
operated by hand OF common tools and can be 
replaced easily in case of damage. Self-locking, 
spring-loaded action should be provided on the 
quarter-turn type. 

d. Screws. Because machine screws can be 
removed and replaced easily, they are used 
more than any other type of mechanical 
fasteners in some types of equipment. There 
are, however, more than 30 screw-head styles 
available. Eight head styles have been stand- 
ardized by the American Standards Association, 
but military usage generally should be re- 
stricted to two styles, either the panhead or 
the flathead, according to whether or not a 
flush assembly is desired. Captive screws, which 
are becoming more and more common in field 
equipment, are particularly desirable for use on 
panels that require frequent removal. Captive 
screws cannot be detached easily from the pan- 
el, although they generally turn easily for re- 
moval of the panel. Also, they can be turned 
by hand and do not require a tool. 

e. Nuts. Nuts can be divided into two gen- 
eral classifications: plain (or nonlocking) and 
locking, with a possible subclassification of 
fixed or nonfixed in each classification. 

Self-locking nuts are intended to replace 
cotter pins, wiring, lockwashers, etc., as a 
means of keeping a nut tight on its bolt. They 
contain some means of gripping the threaded 
member so that relative rotation is impeded or 
prevented. This feature poses some problems if 
the nut is to be removed frequently during 
maintenance. Many specifications state that 
self-locking nuts should be capable of being re- 
moved from and replaced on the same threaded 
member at least 15 times, but most are removed 
and replaced far more often. 

Fixed nuts are prefixed rigidly to the 
chassis by welding, riveting, clinching, or stak- 
ing and are used where the metal is too thin 
or too soft to tap or where  space is limited 

so that the nut would be inaccessible. They of- 
fer advantages in assembly and repair because 
bolts can be installed without handling the 
nuts, but they are subject to failure and should 
be designed to facilitate replacement. Trends to- 
ward modularization or unitization might in- 
crease the use of fixed nuts and reduce the 
variety of wrenches needed. 

/ Bolts. Bolts are usually slow and dif- 
ficult to use; they require two-handed operation, 
access to both ends of the bolt, and often the 
use of two tools. They also require precise 
movements in starting nuts and have many 
loose parts to handle and lose (nuts, washers, 
etc.). 

g. Internal Wrenching Screws, Nuts, and 
Bolts. Internal wrenching fasteners allow high- 
er torque, better tool grip, and less wrenching 
space. However, they are easily damaged, dif- 
ficult to remove, and require special tools. The 
number of different sizes should be minimized 
to require as few special tools as possible. Slots 
should be deep to minimize damage to the 
fasteners. Otherwise, the requirements are sim- 
ilar to those for bolts and screws. 

h. Rivets. Rivets should be used as 
fasteners only when they will not require re- 
moval or replacement. Although rivets are the 
most permanent type of fastener, they are not 
reusable and require greater time and effort 
for replacement than do screws or bolts. The 
use of wire stapling or metal stitching is gen- 
erally preferable to rivets for maintenance 
purposes. 

3-5.7.2  Standardization 

Fastener standardization in materiel is 
made difficult by the fact that the optimum 
application of the same type fastener to several 
materiel locations can result in a different size 
for each location. This is the result of varying 
types and thicknesses of materials being fas- 
tened, varying mechanical stresses, etc. In some 
circumstances, it is cost-effective to overdesign, 
i.e., use a larger fastener than required, in order 
to limit sizes within a type. A reduction in the 
number of torque requirement values can be 
accomplished in a similar manner. Such 
decisions cannot be made without the benefit 
of trade-offs. 
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Standardization efforts should be governed 
by the following considerations: 

a. Minimize the number of types and sizes 
of fasteners within the system: 

(1) Use only a few basic types and siz- 
es which can readily be distinguished from each 
other. 

(2) Use the same type and size of 
fastener for a given application (for instance, 
all mounting bolts for a given type of item). 

(3) Insure that screws, bolts, and units 
having different thread sizes are unmistakably 
different in physical sizes; otherwise, they may 
be interchanged. 

(4) Avoid requirements for special or 
close-tolerance fasteners. 

b. Minimize the number of differing torque 
requirements within the system: 

(1) Use only a few basic values. 
(2) Key these values to'clearly differ- 

ing types, sizes, or coded fasteners. 
(3) Plan for and provide clearance for 

wrenches or socket tools with variable torque 
settings when precise torquing is required. 

c. Minimize the number of tool types and 
sizes required for fastener operation: 

(1)Avoid requirements for special 
tools. 

(2) Select fasteners for hand operation 
by common hand tools. 

3-5.8   UFECYCLEREPAIRPARTREQUIREMENT 
TRADE-OFF 

, The three greatest contributors to materiel 
life cycle support costs are personnel, support 
equipment, and repair parts. Depending upon 
the type of materiel, repair part costs some- 
times will rank in magnitude just behind those 
for personnel and sometimes behind those for 
support equipment. In either event, repair part 
costs on a major materiel program are always 
significant. These costs consist of initial stock- 
age costs, which are nonrecurring, and supply 
management (par. 3-4.2) and repair part re- 
plenishment costs, which are recurring. 

Life cycle repair part costs are dependent 
upon materiel design and the maintenance con- 
cept. More specifically, the costs are dependent 
upon the reliability of parts, the degree of mod- 

ularization, and the determination of the repair 
and maintenance levels. All of these consid- 
erations, taken together, permit a determination 
of the range and depth of repair parts required 
in the initial buy and a prediction of replenish- 
ment requirements. 

The interdependence of repair part require- 
ments with design and the maintenance concept 
makes it virtually impossible to conduct a 
meaningful trade-off restricted to repair parts 
alone. For example, it is a foregone conclusion 
that disposable repair parts represent the most 
expensive repair part approach, yet the reduc- 
tion in other support resource requirements 
that this approach permits frequently makes it 
desirable. 

Another situation in which increased re- 
pair part costs sometimes result in reduced life 
cycle support costs occurs when relatively ex- 
pensive, high-reliability parts are used rather 
than parts of lesser reliability which, for con- 
venience, will be called standard parts in the 
discussion that follows. However, in some cases 
a double payoff can be realized from this ap- 
preach, with both repair parts and the remain- 
ing life cycle costs decreasing. When consid- 
ering high reliability versus standard parts, one 
fact is constant-a high-reliability part costs 
more than a standard part. All other factors 
bearing on the consideration are variable and 
dependent upon previously discussed param- 
eters. 

An example of the considerations involved 
in a high-reliability versus standard repair part 
trade-off will demonstrate the important costs 
that must be considered. A constant mainte- 
nance concept is assumed. The first and most 
significant repair part cost involves initial 
stockage. The range of repair parts required by 
the two candidates probably will be about the 
same at each involved maintenance level. The 
range of high-reliability parts will not be ap- 
preciably less because of a requirement for in- 
surance items. On the other hand, the depth 
of high-reliability parts will be appreciably de- 
creased. The total number of required high- 
reliability parts will definitely be less. The ini- 
tial stockage costs of these parts may be greater 
or less, depending upon unit costs of the two 
candidates and the differential between re- 
quired quantities. Resulting costs are nonrecur- 
ring. 
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Considering recurring costs, a smaller 
number of high-reliability parts will be 
replenished during the materiel life cycle. 
Whether these will cost less than standard parts 
will depend on the previously mentioned fac- 
tors. A more important recurring cost concerns 
reduced maintenance requirements. High- 
reliability parts will have a favorable impact 
on all other support resources except support 
equipment, publications, and facilities, which 
will remain unchanged. A final recurring cost 
to consider is supply management. Parts in 
either candidate category which are not in the 
supply inventory will generate these additional 
costs. The annual recurring cost totals for all 
candidates are multiplied by the number of 
years the materiel will be in the inventory, and 
these are added to the previously determined 
nonrecurring costs. At this point, a repair part 
decision can be made. 

The foregoing example was based on a con- 
stant maintenance concept to simplify the dis- 
cussion. In some cases, the use of high- 
reliability parts will permit the elimination of 
some maintenance levels, with resultant reduc- 
tions in personnel, support equipment, and fa- 
cility requirements. 

Similar trade-offs are required to evaluate 
repair part cost implications of disposable 
versus maintainable modules, modules of vary- 
ing complexity, etc. 

3-5.9  ACCESSIBILITY OF PARTS AND ASSEMBLIES 

Accessibility can be defined as the relative 
ease with which an assembly or component can 
be approached for repair, replacement, or serv- 
icing. Poor accessibility makes maintenance 
more difficult and time consuming, and tends 
to degrade maintenance reliability. The ideal 
situation, from an accessibility point of view, 
would be to have all assemblies, components, 
etc., in a materiel item completely exposed and 
arranged in a manner that permits repair, re- 
placement, or servicing with no interference 
from any other assembly or component. Since 
this situation cannot be realized in military 
materiel, maintenance engineering assists main- 
tainability in establishing optimum accessibility 
requirements. 

Optimum accessibility can be defined as 
that accessibility which permits materiel to sat- 

isfy its operational requirements with the least 
expenditure of time spent in gaining access for 
maintenance. In other words, since it is not 
possible to provide equal across-the-board ac- 
cessibility, the highest feasible degree of ac- 
cessibility should be provided for frequently re- 
quired maintenance actions, and a lesser degree 
for the others. The net result is less total time 
spent in gaining access for maintenance. 

Optimum accessibility requirements must 
be based on a consideration of predicted as- 
sembly and component failures. All other things 
being equal, a general accessibility balance be- 
tween items can be maintained by making re- 
quired access times inversely proportional to 
predicted item failure rates. This assumes that 
the functions of the items are equally critical, 
which is not always the case, and that the op- 
erational requirement for availability remains 
satisfied. 

3-5.10  ACCESSIBILITY OF LUBRICATION AND 
SERVICE POINTS (Ref. 1) 

Virtually all military materiel is lubricated 
and serviced on a periodic basis. Properly per- 
formed, these activities will help to insure long 
periods of otherwise maintenance-free oper- 
ation. Improperly performed, they can result in 
catastrophic failures. Improper performance is 
most apt to result from inaccessibility, because 
with accessibility, most lubrication and serv- 
icing actions are straightforward. Accessibility 
also results in reduced maintenance time re- 
quirements. 

Lubrication and service points are accesses 
within physical structures, and it is vital that 
the points be included in design before materiel 
is fabricated. Equally important, they must be 
designed to provide adequate accessibility. Be- 
cause of the importance of these points to main- 
tenance, maintenance engineering pays partic- 
ular attention to this area of design, and makes 
maximum use of mock-ups and models, as well 
as drawings and discussions with design engi- 
neers, to verify that unforeseen lubrication and 
service problems will not be encountered by us- 
ing personnel. 

Grease fittings should be standard and 
readily and easily accessible. When a grease 
fitting is not easily accessible, extension lines 
should be built into the equipment to bring the 
grease fitting to an accessible location on the 
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outside of the. equipment. The fitting end of 
the line should be securely anchored to with- 
stand rough use. Fittings of the same size and 
of a standard type should be used throughout 
the equipment. The use of grease cups, exposed 
oil holes, and oil cups should be avoided. 

Materiel filling and reoiling operations 
should be rapid and easy. The systems for fuel, 
exotic fluids and gases, oil, hydraulic fluid, wa- 
ter, compressed air, etc., should be designed to 
permit the most rapid, overall inspection. The 
necessity for opening doors and hatches for in- 
spection or to gain access to service points or 
filler caps should be reduced. Servicing points 
for checking, filling, and draining fuel, lubri- 
cant, hydraulic fluid, coolant, etc., should be 
readily accessible but protected. The need for 
special tools should be eliminated whenever pos- 
sible. 

3-5.11   PROTECTION OF SOLID-STATE 
COMPONENTS 

The increasing use of solid-state compo- 
nents such as diodes, transistors, integrated cir- 
cuits, and other specialized devices is prompted 
by the design efficiencies they offer. Physically 
small compared with their vacuum tube pred- 
ecessors, they also typically operate at lower 
power levels, are significantly more reliable, 
and are less prone to long-term performance 
deterioration. 

Solid-state components, however, are high- 
ly susceptible to immediate and permanent 
damage inflicted by abnormally high operating 
voltages or power dissipation requirements. For 
this reason, it is necessary to insure that newly 
evolving solid-state equipment designs incorpo- 
rate appropriate protective features. Generally 
speaking, these features are concentrated in the 
design of the power supply, which provides sec- 
ondary operating voltages used by solid-state 
devices throughout the design, and include over- 
voltage and overcurrent protection, and filtering 
and/or decoupling for purposes of suppressing 
transients. Popular descriptive terms for cir- 
cuits that provide overvoltage and overcurrent 
protection are crowbars and current limiters, 
respectively. 

It is a maintenance engineering respon- 
sibility to insure that all new solid-state designs 
incorporate  such features.   Maintenance  engi- 

neering also is responsible for insuring that pro- 
tective features necessitated by the particular 
application or operating environment of the 
equipment are provided. Examples of such fea- 
tures include extensive component derating, 
shielding of equipment enclosures against the 
effects of external emitters of electromagnetic 
fields or other unwanted radiation, and circuits 
for the suppression or avoidance of transients 
that may occur on primary power and in- 
put/output signal interfaces. 

The limitations of solid-state devices 
relative to power dissipation have basis in the 
physics of their internal junctions, and the up- 
per operating temperatures these junctions can 
withstand without failure. For this reason, it 
is also important that equipment design incor- 
porate combinations of conductive, convective, 
and radiating cooling mechanisms that are com- 
patible both with the solid-state devices being 
used and with the overall equipment intended 
operational application. When there is doubt as 
to the adequacy of such features, maintenance 
engineering should consult with thermal design 
specialists. 

Improved equipment operating or mainte- 
nance practices also may prompt the need for 
protection of solid-state components. Because 
one form of voltage overstress results from re- 
versal of applied operating or signal voltages, 
the use of connector keying schemes and steer- 
ing diode circuits may be warranted. 

In short, there are two classes of protective 
measures that should be applied to the design 
of solid-state materiel: those necessitated simply 
because it is solid-state, and those necessary 
to protect the materiel against the operating 
and maintenance environment to which it will 
be exposed. 

3-5.12   MAINTENANCE-FREE EQUIPMENT 

The simplest maintenance action requires 
personnel and publications, probably requires 
support equipment and repair parts or con- 
sumables, and may require facilities. Clearly, 
the elimination of maintenance by designing 
materiel with maintenance-free assemblies and 
components should be requested by mainte- 
nance engineering on a priority basis. When the 
acquisition cost of the maintenance-free 
materiel  exceeds that of the  maintainable 
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materiel, requests should be accompanied by 
life cycle cost trade-offs that demonstrate the 
desirability of the maintenance-free approach. 
Additionally, since maintenance itself is not 100 
percent reliable, and many maintenance actions 
can result in damage to adjacent assemblies and 
components, the reliability advantages of 
maintenance-free equipment should be empha- 
sized. 

A number of types of maintenance-free as- 
semblies currently exist and have been proved 
in use. Others will be forthcoming as advances 
are made in material technology and innovative 
design and manufacturing techniques. At the 
start of each new materiel program, mainte- 
nance engineering should survey the Army, oth- 
er services, and industry for any maintenance- 
free assemblies and components that are ap- 
plicable to the new materiel, and request their 
incorporation into design. 

The two main categories of maintenance- 
free assemblies and components currently avail- 
able are those that require no lubrication and 
those that require no adjustments. In the first 
category are fixed joints, factory sealed bear- 
ings, alloyed bearings with self-oiling proper- 
ties, plastic bearings, and chemical lubricants 
introduced into cooling systems. Self-adjusting 
brakes and self-adjusting components that use 
spring tension or compression, hydraulic pres- 
sure, etc., comprise the second category. An- 
other wav to eliminate maintenance reauire- 
ments not associated with the two main cat- 
egories is to design assemblies for a specific 
lifespan, and then to discard them. This is a 
disposable module approach, with disposal 
based on calendar time rather than on failures. 

3-5.1 3   ELECTRICAL CABLES AND WIRES (Ref. 1) 

Cables, wires, and connectors comprise a 
vital portion of most materiel items. When 
properly designed and installed, they simplify 
the maintenance of the remainder of the 
materiel and pose minimum maintenance prob- 
lems within themselves. Maintenance engineer- 
ing evaluates the design and installation of ca- 
bles and connectors to insure that proper con- 
sideration has been given to features that im- 
pact maintainability and reliability, and makes 
appropriate design recommendations. For addi- 
tional guidance on cables, see Ref. 19. 

3-5.13.1   Cable Design 

The following recommendations should be 
observed when designing and using cables: 

a. Cables should be long enough so that: 

(1) Each unit can be checked in a con- 
venient place (extension cables should be 
provided when necessary). 

(2) Units in drawers and slide-out 
racks can be pulled out to be worked on without 
breaking electrical connections. 

(3) Connectors can be reached easily 
for replacement or repair. 

(4) Units that are difficult to connect 
where they are mounted can be moved to a 
more convenient position for connecting and 
disconnecting. 

b. The length of cables should be the same 
for each installation of a given type of elec- 
tronic equipment if the circuit might be affect- 
ed by differences in the length of the cable. 
(Even if a unit can be adjusted to compensate 
for differences in the length of the cable, the 
use of different lengths of cable means that 
adjustments made on the bench might be out 
of tolerance when the unit is installed.) 

c. Cable harnesses  should be designed so 

that they can be built in a shop or factory 
and installed as a package. 

d. Cables should "fan out" in junction box- 
es for easy checking, especially if there are no 
other test points in the circuits. Each terminal 
in the junction box should be clearly labeled 
and easy to reach with test probes. 

e. Preformed cables should be used when 
possible. They permit flexible, more efficient as- 
sembly methods and minimize the chances of 
making wiring errors. They also permit testing 
and coding of the entire cable before instal- 
lation. Once the cable is placed in position on 
the chassis, the leads can be connected without 
the usual interference and confusion caused by 
stray wires. 

/ The use of a clear plastic covering to 
insulate leads and cables should be considered 
so that breaks in internal wiring can readily 
be seen. 

g. When polyvinyl wire is used, care 
should be taken so there will be no cold flow 
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of the insulation due to tightness of lacing or 
mounting. 

h. Neoprene-covered rather than 
aluminum-sheathed cable should be used in 
areas where intense vibration or corrosive 
substances may cause failures. 

i. High-temperature wire should be used 
when wires are routed near ducts carrying pres- 
sures over 50 psi and/or temperatures above 
200°C (392°F). 

j. Metallic shielding unprotected by outer 
insulation should be secured to prevent the 
shielding from contacting exposed terminals or 
conductors. 

k. Insulated wire or cable should be color 
or number coded in accordance with applicable 
military standards. 

3-5.13.2  Cable Routing 

The following recommendations should be 
observed: 

a. Route cables so that they: 

(1) Are not pinched by doors, lids, and 
slides. 

(2) Are not walked on or used for 
handholds. 

(3) Are accessible to the technician; 
i.e., are not under floorboards, behind panels 
or components that are difficult to remove, or 
routed through congested areas, and need not 
be bent or unbent sharply when connected or 
disconnected. 

b. Design cables or lines that must be 
routed through walls or bulkheads for easy in- 
stallation and removal without the necessity for 
cutting or compromising the integrity of the 
system. 

c. Route cables to avoid close contact with 
tubes, transformers, or rectifiers so that cables 
will not be damaged by overheating. 

d. Provide guards or other protection for 
easily damaged conductors such as waveguides, 
high frequency cables, or insulated high-voltage 
cables. 

e. Protect electrical wiring from contact 
with fluids such as grease, oil, fuel, hydraulic 
fluid, water, or cleaning solvents. These may 
damage insulation and result in injury to per- 
sonnel. 

/ Provide a means for keeping cables and 
lines off the ground. This is especially impor- 
tant in areas where ice and snow may cover 
the lines for long periods, making them in- 
accessible for maintenance. 

g. Where cable connections are maintained 
between stationary equipment and sliding 
chassis or hinged doors, provide service loops 
to permit movement, such as pulling out a 
drawer for maintenance, without breaking the 
electrical connection. The service loop should 
have a return feature to prevent interference 
when removable chassis are replaced in the cab- 
inet. 

h. Provide storage space for long electrical 
cables that are a part of ground power, service, 
and test equipment. 

i. Precautions should be taken to protect 
the insulation at the ends of cables from mois- 
ture. Moistureproof jacketing that will with- 
stand the required temperature range and me- 
chanical abuse should be used. 

3-5.13.3  Connectors 

The following recommendations should be 
observed when providing for connection and dis- 
connection of cables: 

a. Use plugs and matching receptacles that 
make it impossible to connect the two in- 
correctly. For example, use different sizes of 
plugs for nearby connections, use different keys 
or alignment pins, and/or color-code or paint 
stripes, arrows, or other information on each 
plug and the receptacle to which it belongs. 

b. Clearly identify, by number or letter, 
each pin on each plug. 

c. Use quick-disconnect plugs or plugs that 
can be disconnected with no more than one 
turn, rather than plugs with fine threads that 
require many turns. 

d. Use plugs in which the aligning pins 
or keys extend beyond the electrical pins. This 
arrangement protects the electrical pins from 
damage caused by poor alignment or twisting 
of the plug when it is partially inserted. Use 
sheaths longer than the electrical pins to avoid 
accidental shorts or grounds. 

e. Avoid symmetrical arrangements of 
aligning pins or keys so that plugs cannot be 
inserted 180 deg from the correct position. 
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f. Locate connectors far enough apart so 
that they can be gripped firmly for connecting 
and disconnecting while the technician wears 
arctic mittens. 

g. When a part of a machine or system 
can be removed for maintenance, insure that 
cables that connect the removable part with the 
rest of the machine or system have plugs and 
receptacles that will disconnect before the ca- 
bles will break. 

h. Use plugs with integral test points for 
each input and output that cannot otherwise 
be checked easily. As an alternative, provide 
a test point adapter for insertion between plugs 
and receptacles. 

i Use fewer plugs with many pins rather 
than more plugs with fewer pins; it takes about 
the same amount of time to connect a plug 
with many pins as it does one with a few pins. 
However, cables must not be permitted to be- 
come so large that they cannot be handled easi- 

iy. 
j. Use connectors in which electrical con- 

tacts cannot be shorted by external objects. 

k. Provide plugs with self-locking safety 
catches rather than safety wiring. If safety wir- 
ing is a requirement, design holes and slots for 
most efficient and rapid attachment of the safe- 
ty wire. 

I. Insure that plugs and leads do not trans- 
mit stored charges while being disconnected. 

m. Design lead pins and plugs so that they 
are strong enough not to be damaged by rough 
use. Avoid the use of miniature plugs where 
pins can be easily bent upon mating, thus caus- 
ing a short circuit. 

n. On a given materiel system, standardize 
wiring connectors used in identical types of 
electrical equipment to reduce errors in wiring 
during installation or maintenance. 

o. Use individual power disconnects so that 
power can be turned off in one part of the 
system without having to disconnect the entire 
system. 

p. Label electrical cable connectors with 
current and voltage values. Include on the label 
a designation of the source of the current, such 
as line, station, generator, or auxiliary power 
unit. 

q. Clearly label power receptacles for 
primary, secondary, or utility systems in order 
to prevent personnel injury or equipment dam- 
age. 

r. Provide captive covers to protect con- 
nector ends from moisture and other foreign 
matter. 

3-5.14   DESIGN TO SERVICE WITH STANDARD TEST 
EQUIPMENT 

The decision regarding the proper type of 
test equipment to be used must be made in 
the early stages of materiel design-as early 
as the drafting of the maintenance plan will 
allow-and should be firm by the development 
phase. The factors involved in this decision in- 
clude the mission and operational character- 
istics of the materiel, the anticipated reliability, 
the maintenance structure, the equipment and 
personnel available to the user, the operational 
environment, the logistic support requirements, 
the development time, and the cost. 

The four general types of test equipment 
(defined in par. 3-4.7.3) are special-purpose, 
general-purpose (standard), built-in, and auto- 
matic. When operational requirements and 
materiel complexity do not dictate built-in or 
automatic test equipment, there is a probability 
that standard test equipment will prove to be 
the most cost-effective choice. Maintenance en- 
gineering participates in test equipment cost 
trade-offs and makes appropriate design recom- 
mendations. 

If built-in and automatic types of test 
equipment are not mandatory selections as a 
result of operational requirements and materiel 
complexity, they normally can be eliminated 
from consideration on the basis of costs. The 
very fact that neither is a mandatory require- 
ment indicates that the materiel under consid- 
eration has no more than moderately complex 
circuitry and that maintenance downtime is not 
an overriding consideration. It will be assumed 
that these two types of test equipment have 
been eliminated from consideration, and the re- 
mainder of the discussion will be limited to 
general-purpose versus special-purpose equip- 
ment. 

The most significant advantages of 
general-purpose test equipment accrue when the 
equipment can  be used  without adapters. In 
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such cases, procurement time is minimal, de- 
velopment costs are avoided, and the logistic 
system can accept additional units of the equip- 
ment with no impact on publications pertaining 
to test equipment maintenance and operation, 
no impact on skill levels, and no impact on 
supply management. If adapters are required, 
these advantages are diminished in proportion 
to the number and complexity of the types of 
adapters and the total number of adapters that 
must be introduced into the supply inventory. 

The advantages of special-purpose test 
equipment lie in the areas of test equipment 
use and prime materiel design. This type of 
test equipment is less complex to use in making 
tests, and consequently, training, publications, 
and maintenance time requirements for the 
user are minimized. Additionally, there are few- 
er probabilities of damaging the test equipment 
and the item being tested. With regard to prime 
materiel design, the interface between special- 
purpose test equipment and the materiel can 
be optimized. A requirement to use standard 
test equipment constrains and sometimes great- 
ly complicates materiel design because signal 
outputs must be compatible with existing test 
equipment. 

As a general rule, it may be stated that 
standard test equipment is always the best 
choice when relatively simple point-to-point 
testing is required. As testing requirements be- 
come more complex, test equipment selection 
decisions can be made only after exhaustive 
cost-effectiveness trade-offs that consider the 
many factors unique to the requirements of the 
materiel being studied. All decisions must be 
made prior to the start of the development 
phase. 

3-6 MAINTENANCE ENGINEERING 
RESPONSIBILITIES IN DEVELOPING 
REQUIREMENTS OF HUMAN 
FACTORS IN DESIGN (Ref. 1) 

The human factors engineering element in 
a materiel program has prime responsibility for 
insuring that an optimum interface exists be- 
tween human capabilities and materiel design 
features that affect human actions required to 
operate and maintain the materiel in its op- 

erational environment. Maintenance economy 
and efficiency are significantly affected by how 
well this function is accomplished. Maintenance 
engineering works closely with human factors 
to optimize the interface. Maintenance engineer- 
ing provides historical data, experience, and 
judgment, monitors design, and, in particular, 
evaluates the human factors aspects of mock- 
ups and models. The goal is to establish design 
requirements before hardware is fabricated. 

An understanding of the background of 
human factors engineering and of data sources 
and data pertaining to the characteristics, 
capabilities, and limitations of humans will as- 
sist maintenance engineering in working more 
effectively with human factors personnel. The 
discussion that follows presents an overview of 
the subjects. 

3-6.1   HUMAN FACTORS ENGINEERING 

Human factors engineering is a discipline 
that relates man's size, strength, and other 
capabilities to the necessary work. Failure to 
consider human factors will result in increased 
maintainability problems. Human factors engi- 
neering began when psychologists were called 
in to make critical investigations of, for exam- 
ple, physical limitations in aviation and behav- 
ior in naval combat information centers. Its 
goal was to provide designers with the probable 
characteristics of the individuals who would op- 
erate and maintain the machines and equip- 
ment. 

Today, human factors engineering draws 
on psychology, physiology, physics, an- 
thropology, and medicine, and requires close 
alliance between engineers and psychologists. 
Human factors engineers consider complex mil- 
itary equipment as man-machine systems, in- 
cluding as design considerations the capabilities 
and limitations of man under various condi- 
tions. 
3-6.2   HUMAN BODY MEASUREMENTS 

(ANTHROPOMETRY) 

One important consideration in designing 
for maintainability is information on body 
measurements. This information is required in 
the earliest design stages to insure that equip- 
ment will accommodate operators and mainte- 
nance men of various sizes and shapes. This 
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paragraph describes the sources of an- 
thropometric measurements available to the de- 
signer, indicating some of the types of infor- 
mation and giving examples of the more com- 
mon measurements. 

3-6.2.1   Sources and Use of Information on Body 
Measurements 

The designer has two basic sources of in- 
formation   on   body   measurements:   an- 
thropometric surveys, in which measurements 
of a sample of the population have been made, 
and experiments under circumstances that sim- 
ulate the conditions for which he is designing. 
Which of these sources or which combination 
is used depends on the availability of adequate 
anthropometric surveys and on the cost of ex- 
periments in both time and money. 

Anthropometric data usually are presented 
in percentiles, ranges, and means (or medians). 
With information of this type, the designer, who 
usually will not be able to accommodate all pos- 
sible sizes, can decide where to make the cutoff. 
He must, of course, design equipment to insure 
operability and maintainability by at least 90 
percent of the user population. The design range 
includes at least the 5th to 95th percentiles for 
design-critical body dimensions (Ref. 12). 

3-6.2.2  Types of Body Measurements 

Both ,static and dynamic body measure- 
ments are important to the designer. Static 
measurements include everything from meas- 
urements of the most gross aspects of body size, 
such as stature, to measurements of the dis- 
tance between the pupils of the eyes. The meas- 
urements required will depend on the particular 
equipment being designed. The more common 
static measurements, having received the most 
attention from anthropometrists, are most read- 
ily available and are the most reliable because 
of the large and numerous samples on which 
they are based. 

Unlike static body dimensions, which are 
measured with the subject in rigid standardized 
positions, dynamic body measurements usually 
vary with body movements. Dynamic measure- 
ments include those made with the subjects in 
various working positions, and functional arm 
and leg reaches. Static dimensions correspond- 

ing to functional reaches would be anatomical 
arm and leg lengths. Dynamic dimensions in 
equipment design relate more to human per- 
formance than to human "fit". 

3-6.3   HUMAN SENSORY CAPACITIES 

The data that follow are presented to assist 
in a better understanding of the sensory ca- 
pacities of the maintenance man as they apply 
to color-coding, shape-coding, parts identifica- 
tion and noise. 

3-6.3.1   Sight 

Sight is  stimulated by electromagnetic 
radiations of certain wavelengths, commonly 
called the visible portion of the electromagnetic 
spectrum. The various hues (parts of the 
spectrum), as seen by the eye, appear to differ 
in brightness. In daylight, for example, the eye 
is most sensitive to greenish-yellow light that 
has a wavelength of about 5500 angstrom units. 
The eye also sees differently from different an- 
gles. 

One can perceive all colors while looking 
straight ahead. Color perception, however, be- 
gins to decrease as the viewing angle increases. 
Green disappears at about 40 deg off the level 
view in the vertical plane, and red disappears 
at above 45 deg. Yellow and blue can be dis- 
tinguished over a larger area. Therefore, if 
equipment has color-banded meters or warning 
lights of different colors that are in such a 
position as to be near the horizontal or vertical 
limits of color differentiation, the user will not 
be able to distinguish one color from another. 

Color-weak people (so few people are 
absolutely color blind that they can be ignored) 
do not see colors the way "normal" people do, 
and any color-coding will be lost on them. 
Therefore, colors should be selected that color- 
weak people do not confuse, such as yellow and 
blue, or color-coding should be augmented with 
shape-coding. 

At night, or in poorly illuminated areas, 
color makes little difference, and at a distance, 
or if the point source is small (such as a small 
warning light), blue, green, yellow, and orange 
are indistinguishable; they will appear to be 
white. A further phenomenon of sight per- 
ception of light is apparent reversal of color. 
When an individual stares at a red or green 
light, for instance, and then glances away, the 
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signal to the brain may reverse the color. This 
phenomenon has caused accidents. Too much 
reliance should not be placed on color when 
critical operations may be performed by fa- 
tigued personnel. Whenever possible, red filters 
having wavelengths longer than 6500 angstrom 
units should be used. W this is not possible, 
then warning lights, at least, should be as close 
to red as possible. Colors such as red amber 
or reddish purple are satisfactory. 

3-6.3.2  Touch 

As equipment becomes more complex, it 
is necessary that the maintenance man use all 
his senses most efficiently. Man's ability to 
interpret visual and auditory stimuli is closely 
associated with the sense of touch. The sensory 
cues received by the skin and muscles can be 
used, to some degree, to convey messages to 
the brain that relieve the eyes and ears of part 
of the load they otherwise would carry. For 
example, different control knob shapes can be 
recognized easily by touch alone. Selected knob 
shapes can be adapted for use when the user 
must rely completely on his sense of touch, as, 
for instance, when a knob must be put in an 
out-of-the-way place. 

3-6.3.3   Noise 

Man's reaction to noise extends beyond the 
auditory system: it can contribute to such feel- 
ings as well-being, boredom, irritability, or fa- 
tigue. Work requiring a high degree of 
muscular coordination and precision, or intense 
concentration, may be affected adversely by 
noise. An individual exposed to sound that ex- 
ceeds a level of about 120 dB, can begin to 
"feel" the sound physically, and at levels above 
130 dB, might experience pain. 

In addition to affecting the performance 
of maintenance technicians in tasks not depend- 
ent upon auditory tasks, excessive noise can 
make oral communications ineffectual or im- 
possible, and can damage hearing. Con- 
sequently, the interior noise levels in mainte- 
nance or control areas (vans, huts, etc.) in 
which communication of information, either di- 
rect or electrical, is critical, should not exceed 
levels that permit reliable communications with 
raised voice at a distance of 3 to 4 ft. 

3-6.3.4 Vibration and Motion 

Vibration may be detrimental to the main- 
tenance technician's performance of both men- 
tal and physical tasks. Large amplitude, low 
frequency vibrations contribute to motion 
sickness, headaches, fatigue, eye strain, inter- 
ference with depth perception (depth perception 
fails at frequencies of 25 to 40 Hz and again 
at 60 to 90 Hz), and interference with the abil- 
ity to read and interpret instruments. As the 
amplitude of vibration decreases and the fre- 
quency increases, these symptoms become less 
pronounced. However, vibration of low 
amplitude and high frequency can be fatiguing. 

3-6.4   HUMAN REACTION TO EXTREME 
TEMPERATURES 

Although the effects of temperature on 
human performance are not completely under- 
stood, it is known that certain temperature ex- 
tremes are detrimental to work efficiency. As 
the temperature increases above the comfort 
zone, mental processes slow down, motor re- 
sponse is slower, and error likelihood increases. 
As the temperature decreases below the comfort 
zone, physical fatigue and stiffening of the ex- 
tremities begin. 

3-6.4.1   Heat 

The operational efficiency of personnel de- 
creases when temperature and humidity com- 
bine to make a physically uncomfortable en- 
vironment. In the case of maintenance, the de- 
crease is marked by increased maintenance 
times and an increase in maintenance errors. 
When feasible, built-in or portable air condi- 
tioning should be supplied for personnel per- 
forming maintenance in enclosed areas when 
the temperature is above 90°F. 

3-6.4.2 Cold and Windchill 

Maintenance personnel on duty in the 
Arctic are handicapped physically and psy- 
chologically. When a man is cold, or afraid of 
the cold, his efficiency and incentive may be 
impaired. In spite of the best arctic clothing, 
it has been found that the suffering experienced 
by personnel increases rapidly as the tem- 
perature drops below —10°F. Personnel need all 
their energy to use tools of any kind in the 
open. Without shelter and heat, most adjust- 
ments are impossible. A worker wearing heavy 
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gloves out in the open finds even the simple 
task of removing or inserting screws extremely 
difficult, and with screws less than 0.25 in. in 
length, impossible. When a worker is properly 
dressed, he can perform down to some point 
between 32" and 0°F for 30 min without in- 
terference from the cold itself. 

The physiological effects of cold tem- 
peratures are greatly magnified by wind. For 
example, exposed flesh freezes at about -40°F 
in a wind of 1 to 2 mph, and at about 18°F 
in a wind of 40 mph. Windchill charts have 
been developed that portray the comparative 
severity of temperature and wind combinations. 

3-7 HISTORICAL PERFORMANCE DATA 
AND MILITARY HANDBOOK 
REFERENCE MATERIAL AS AIDS TO 
MAINTENANCE ENGINEERING 
EVALUATION OF DESIGN 

Design evaluation is a continuing main- 
tenance engineering function, which is com- 
prised of first determining what to evaluate, 
and then establishing evaluation criteria and 
performing the evaluation. All actions are ac- 
complished for the fundamental purpose of 
assuring that the developed materiel will be 
easy and economical to maintain and will gen- 
erate lowest life cycle costs. Three of the basic 
tools available to assist in design evaluation are 
specifications, historical performance data, and 
handbooks. 

Specifications, either quantitative or qual- 
itative, that establish maintenance parameter 
requirements indirectly identify the materiel 
design features that must be evaluated. For ex- 
ample, a specified mean time to repair leads 
to an evaluation of parameters such as reliabili- 
ty, diagnostics, accessibility, and packaging, to 
determine whether or not the time can be met. 
This type of evaluation will not result in design 
improvement if the specification is satisfied, 
and could result in the acceptance of a design 
that is not optimum. Even if the time is met, 
there may be a better design. The determination 
of whether or not a qualitative specification re- 
quirement is satisfied forces a more thorough 
design evaluation. If a requirement is estab- 
lished for minimum skills at the organizational 
level,  it is necessary  to evaluate  all design 

alternatives to determine whether or not the 
requirement is satisfied. This automatically will 
lead to the selection of the best design. 

Specification requirements always must be 
satisfied, but specifications alone wiil not iden- 
tify all materiel design features that must be 
evaluated, and will provide no evaluation 
criteria. Historical data and handbook data 
must be used to augment specifications in 
identifying materiel design features to evaluate, 
and the data in themselves comprise powerful 
evaluation tools. 

Most Army materiel is evolutionary rather 
than revolutionary in design. The same may 
be said for operational and support concepts. 
It is these facts that make historical data so 
valuable to design evaluation. The manner in 
which deployed materiel has performed and the 
support it requires certainly should be given 
consideration equal to the predictions of how 
similar but improved materiel will perform and 
of its maintenance requirements. Additionally, 
many components and assemblies in deployed 
materiel will be identical to those planned for 
new materiel. In these cases, assuming identical 
natural and induced use environments, histor- 
ical data provide the ultimate evaluation 
criteria. 

During materiel design, predicted reliabili- 
ty probably has more impact on the planned 
support subsystem than any other parameter. 
The predicted frequency and distribution of fail- 
ures resulting from unreliability dictate many 
maintainability and support resource require- 
ments. Maintenance engineering should fully 
exploit historical reliability data in evaluating 
new designs. Each reliability success and each 
problem in deployed materiel identify an area 
to be evaluated in new materiel. Components 
and assemblies with a proven history of 
reliability should be favored over proposed im- 
proved items with better operational character- 
istics, unless there is satisfactory evidence that 
the proven items cannot satisfy operational re- 
quirements. Items with a poor reliability history 
should not be used. Predicted reliabilities for 
end items should be evaluated against occur- 
rences in the field and appropriate K-factors 
(par. 3-34 derived for determining the support 
resource requirements that the proposed 
materiel truly generates. 
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Historical maintainability data should be 
exploited in the same manner as that described 
far reliability data. Proven maintainability fea- 
tures should be retained in the new design, and 
problem features eliminated. Historical main- 
tainability data coupled with resource utiliza- 
tion data provide an extremely valuable tool for 
determining support resources that the new 
materiel will require. There is no better infor- 
mation available that can be used for predicting 
life cycle support costs. 

Like historical data, military handbooks 
assist in both identifying design features to 
evaluate in new materiel and in conducting the 
evaluation. Handbooks that deal with basic en- 
gineering, as well as with reliability, main- 
tainability, and human factors engineering, are 
available. Some of the handbooks have check- 
lists and other aids that make them very con- 
venient for use in concurrently identifying de- 
sign features to evaluate in new materiel and 
in conducting the evaluation. For example, ref- 
erence to a human factors engineering hand- 
book during materiel evaluation will lead to 
questions concerning the space provided for 
maintenance personnel, their strength require- 
ments, the proposed working environment, etc. 
An immediate answer as to the acceptability 
of the design can be ascertained by comparing 
what is proposed with the standards established 
in the handbook. 

3-7.1   COMPUTERIZED DATA COLLECTION SYSTEMS 

The Army has two computerized data col- 
lection methods that are of exceptional value 
to maintenance engineering in analyzing new 
designs. These are a maintenance engineering 
analysis data system and a maintenance man- 
agement system. The first documents data 
resulting from design analysis and testing on 
a development program, and the second con- 
tains experience data from operating and main- 
taining fielded materiel. Taken together, the 
data collected from these two systems provide 
an audit trail from design, to predicted per- 
formance, to actual performance in the field. 
The paragraphs that follow, discuss the nature 
of the two collection methods. 

3-7.1.1   Maintenance Engineering Analysis System 
(Ref. 6) 

Maintenance engineering analysis data sys- 
tems typified by the logistic support analysis 
data system described in par. 5-3 contain, in 
large part, predicted performance data based 
on design analysis. Performance, in this case, 
refers to maintenance requirements that 
deployed materiel will generate and the manner 
in which resources will be used to perform the 
maintenance. Predicted operator performance is 
also a part of the data. 

Maintenance engineering is responsible for 
the data system, and is the source of all data 
elements except those pertaining to operational, 
deployment, and design parameters. Mainte- 
nance engineering influences design param- 
eters, but the primary responsibility for their 
determination lies with system and design en- 
gineering elements. Maintenance engineering 
analyzes operational, deployment, and design 
parameters, and predicts the frequency, dura- 
tion, and nature of corrective and preventive 
maintenance that must be performed at all 
maintenance levels. Concurrently, support 
resources required at all maintenance levels are 
predicted. 

Predictions are refined with test data as 
they become available. All predictions to this 
point pertain to elements of a materiel system 
and must be summarized and manipulated to 
provide meaningful system data. 

Due to the mass of data generated on a 
major materiel program and the fact that these 
data are being continuously refined, a computer 
program is used for data manipulation. Nor- 
mally, the program is maintained by a con- 
tractor through the development phase and, 
subsequently, by the Army. The major source 
of program changes after development is 
materiel modifications. 

The data system can provide detailed op- 
erational and maintenance data on any main- 
tenance significant item or group of items, or 
on the total materiel system. Virtually any op- 
erational or-maintenance factor that can be 
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measured after deployment can be predicted by 
the data system. For example, operational avail- 
ability, repair part consumption, and support 
resource utilization rates can be predicted for 
an assembly or for the total system. 

Maintenance engineering analysis pre- 
dictions serve as reference points for evaluating 
the performance of deployed materiel. Any field 
experience that shows under- or over- 
achievement of predicted performance generates 
a requirement for analyses, trade-offs, and pos- 
sible corrective action. 

3-7.1.2  Maintenance Management System 
(Refs.7, 8) 

The Army maintains a maintenance man- 
agement system that records and reports 
selected elements of information pertaining to 
the deployed materiel. Raw data generated at 
the user and support maintenance levels are 
entered onto prescribed forms. Commanders at 
the field level process data relating to ex- 
penditure of maintenance resources and 
materiel readiness indicators, and forward 
selected maintenance data to a national level 
data bank. Analyses, summaries, and reports 
subsequently are furnished to the national level 
materiel managers for their use in improving 
the materiel readiness condition of Army 
materiel in the hands of the user. 

The basic data in the system represent 
day-to-day experience of using organizations in 
operating and maintaining materiel. Data are 
recorded on assemblies, end items, and systems. 
Reduced data provide quantitative information 
such as: 

a. Materiel reliability, maintainability, and 
availability 

b. Scheduled and unscheduled maintenance 
requirements 

c. Repair part consumption 

d. Utilization rates for personnel, materiel, 
and facilities. 

Typical uses of the reduced data are to 
validate maintenance engineering analysis pre- 
dictions, identify problems with regard to cur- 
rent support resources, forecast resource re- 
quirements, and to detect trends that indicate 
a need for materiel modification, or that 
materiel  is nearing the end of its useful life. 

Additionally, the data are used to evaluate new 
materiel concepts and designs, and to estimate 
life cycle support costs for new materiel. 

3-7.2   MILITARY HANDBOOKS ON ENGINEERING 
DESIGN, RELIABILITY ENGINEERING, 
MAINTAINABILITY ENGINEERING, AND 
HUMAN FACTORS ENGINEERING 

Numerous military engineering handbooks 
have been published, and new ones are being 
published annually. Handbooks are published by 
all of the military services, and some are 
sponsored by the Department of Defense. Each 
handbook contains information and data that 
can aid in the development of cost-effective mil- 
itary materiel. The handbooks are used mainly 
by military and contractor engineers, but are 
also of value to management personnel. 

The stated purpose of Army handbooks, 
and this can be considered to be a universal 
purpose, is to: 

a. Conserve time, materials, and funds by 
outlining the approaches to the problems most 
likely to result in successful conclusions. 

b. Provide a reference of fundamental de- 
sign information not readily available elsewhere 
that will facilitate the evolution of new designs. 

c. Generate, compile, and maintain an up- 
to-date set of formulas, tables, and values 
useful in the design of Army materiel. 

d. Preserve a record of Army design ex- 
perience, forestalling duplication of past ex- 
perience and work. The designer should be 
aware not only of current new developments 
but also of concepts advanced in the past that 
have been tried and laid aside in order that 
worthy additions to the state of the art are 
not lost and worthless ones are not tested again. 

e. Preserve unique technical knowledge 
that otherwise would be lost when design en- 
gineers resign, retire, or die. 

/ Provide orientation and guidance for 
new personnel and for Army contractors. 

g. Communicate to design engineers, in 
capsule form, the requirements and disciplines 
of the allied technical fields with which they 
must be concerned. 

h. Permit design of Army materiel to pro- 
ceed at an accelerated rate under conditions of 
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mobilization or other emergency when ex- 
perienced designers 'are overtaxed with the 
emergency requirements. 

Engineering handbooks have been pub- 
lished by one or more of the services on virtual- 
ly all subjects in which maintenance engineer- 
ing has an interest. An appreciation of this 
statement may be gained by examining the list 
of current and proposed AMC handbooks on the 
inside back cover of this book. It will be noted 
that some of these handbooks are applicable to 
broad design disciplines and some to specific 
design problems associated with Army materiel. 
The other services have used a similar approach 
in their handbook programs, and the number 
of handbooks that rhev have published is com- 
parable. Since many design principles and de- 
sign problems are applicable to materiel used 
by each of the services, it follows that main- 
tenance engineering will find information ap- 
plicable to Army materiel in the handbooks of 
other services, and should obtain and use this 
information. 

Since some handbooks are written on spe- 
cific subjects such as the design of gun tubes, 
and others are written on general subjects such 
as microelectronic design, reliability, main- 
tainability, and human factors, it is not feasible 
to describe the contents of a typical handbook. 
Consequently, in order to discuss the contents 
of handbooks, the contents of several that were 
selected at random will be described in the 
paragraphs that follow. 

The contents of two design handbooks, one 
dealing with a specific problem and one dealing 
with a general design subject, will be discussed 
first. The former is an AMC handbook on the 
subject of hardening weapon systems against 
radio frequency energy (Ref. 9). This book thor- 
oughly covers the theoretical and practical 
aspects of the problem and its solution from 
an engineering design point of view. It briefly 
addresses reliability, and makes no mention of 
maintainability, human factors, and mainte- 
nance. However, from an examination of the 
design recommendations, it is clear that the au- 
thors considered reliability, maintainability, and 
logistics. This book would be of use to main- 
tenance engineering, but it would have to be 
studied. There is no quick way to find main- 
tenance related subjects. 

An Air Force handbook on the general de- 
sign subject of microelectronics (Ref. 10) deals 
with the theoretical and practical aspects of de- 
signing components, circuits, and subsystems. 
Separate sections are devoted to reliability, 
maintenance, and logistics. Information per- 
taining to maintenance engineering could be ob- 
tained much more rapidly from this handbook 
than from the previously described AMC hand- 
book. 

A Navy handbook on reliability (Ref. 11) 
provides guidance on the conduct of a materiel 
life cycle reliability program with emphasis on 
the earlier life cycle phases. The theoretical and 
practical aspects of establishing reliability spec- 
ification requirements and of accomplishing 
allocations and predictions are discussed, as 
well as estimating time and fund requirements 
for a reliability program. A section is devoted 
to the mathematics of reliability. The handbook 
is not oriented towards specific materiel. For 
example, its treatment of redundancy could ap- 
ply to electric generators or diodes. This hand- 
book would prove valuable to maintenance en- 
gineering in understanding how and why a 
materiel reliability program is conducted. It 
would not assist readily in evaluating the 
reliability aspects of materiel design other than 
by providing ready reference to reliability 
mathematics. 

The maintainability handbook selected was 
published by the U S Army Materiel Command 
(Ref. 1). This handbook thoroughly covers the 
practical aspects of maintainability, and pro- 
vides coverage, to a lesser depth, on human 
factors, safety, and reliability. Maintainability 
design features are discussed, first with regard 
to their general application to design, and 
subsequently with regard to their application 
to specific Army materiel. The handbook has 
numerous checklists, tables, illustrations, etc., 
which make it a valuable and efficient tool for 
evaluating materiel design. 

A Department of Defense standard (Ref. 
12) establishes general human engineering 
criteria for military materiel. It is published 
in handbook format, and is representative of 
human engineering handbooks issued by the 
services. The standard establishes requirements 
for controls, displays, work space, work envi- 
ronment,  and other madmachine  interfaces, 

3-74 



and briefly addresses maintainability and safe- 
ty. Virtually all of the requirements are quan- 
titative. Charts, tables, and illustrations assist 
in rapidly interpreting the requirements. The 
book is a valuable maintenance engineering 
tool. 

A final type of handbook that may be en- 
countered is sponsored by the Department of 
Defense and published by a military service. 
An example is a handbook on maintainability 
prediction (Ref. 13). This handbook presents the 
mathematics and procedures associated with 
several maintainability prediction techniques, 
and gives examples of their application. This 
handbook is valuable to maintenance engineer- 
ing. 

AMCP 706-132 

It may be seen that useful maintenance 
engineering information is apt to exist in most 
military handbooks. Since maintainability and 
maintenance engineering are so closely associ- 
ated with regard to materiel design require- 
ments, maintainability handbooks normally will 
be the most useful to maintenance engineering. 
Human engineering handbooks would probably 
rank second in value. It is not safe to generalize 
on the utility of the other types of handbooks 
since their value would depend on the purpose 
of the book and whether the authors chose to 
make maintenance related matters a separate 
part of their discussion. 
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CHAPTER 4 
MAINTENANCE CONCEPTS 

This chapter presents information on 
several subjects that impact the determination 
of materiel mayitenance concepts. Several quan- 
titative maintenance parameters are defined 
mathematically. A maintenance procedural 
model is described, and its application to a 
deployed Army system is discussed. Mainte- 
nance scheduling, maintenance organizations, 
and support planning are discussed. 

4-1   INTRODUCTION 

Maintenance is any action taken to retain 
materiel in a serviceable condition or to restore 
it to serviceability. It includes inspection, test- 
ing, servicing, classification for serviceability, 
reclamation, repair, overhaul, rebuild, modi- 
fication, retrofit, calibration, and refurbish- 
ment. Thus, the scope of maintenance tasks 
ranges from simple preventive maintenance 
services performed by the operator of equip- 
ment to complex depot maintenance operations 
performed in fixed shop facilities. 

Each item of deployed materiel is main- 
tained in accordance with a maintenance con- 
cept that is established initially during the con- 
ceptual phase of a materiel program. Essential- 
ly, the concept establishes what, when, how, 
and where corrective and preventive mainte- 
nance is to be performed. The maintenance con- 
cept undergoes revision throughout the materiel 
life cycle. Prior to deployment, it is refined to 
reflect design changes, test results, and other 
new information. Subsequently, it may be re- 
vised as a result of field experience. 

Maintenance concepts are based on trade- 
offs and analyses of combinations of materiel 
design, maintenance actions, and maintenance 
locations that will satisfy operational require- 
ments at lowest life cycle cost. Maintenance 
concept decisions are the responsibility of main- 
tenance engineering. Such decisions are ex- 
tremely important, in that, for a given design, 
they establish the support resources required 
at each maintenance location, and, con- 
sequently, establish life cycle support costs. 

4-1.1   MAINTENANCE LEVELS 

The Army has a maintenance support 
structure into which all materiel maintenance 
concepts must fit. The basic structure consists 
of categories or levels of maintenance defined 
as organizational, direct support, general sup- 
port, and depot. However, flexibility is permit- 
ted and, when it is cost-effective, levels may 
be combined or not used at all. For example, 
Army aviation maintenance is being phased to 
a three-level maintenance concept; namely, 
aviation unit maintenance (formerly organiza- 
tional), intermediate support maintenance 
(formerly direct support and general support), 
and depot maintenance. Direct and general sup- 
port maintenance performed at a single main- 
tenance level for some other types of materiel 
is called field maintenance. The term field 
maintenance also is used in general reference 
to direct and general support maintenance lev- 
els, when differentiation between them is not 
relevant to the thought being conveyed. 

Of the four basic maintenance levels, the 
least maintenance capability exists at the or- 
ganizational level, and the capability increases 
progressively through direct support, general 
support, and the depot. Organizational mainte- 
nance is the responsibility of the unit command- 
er, who accomplishes the maintenance with the 
resources under his control. It is comprised of 
preventive maintenance and relatively simple 
corrective maintenance. Preventive mainte- 
nance is performed on a scheduled basis, and 
consists of activities such as inspecting, clean- 
ing, servicing, lubricating, and adjusting. Cor- 
rective maintenance is performed when materiel 
performance falls below a specified level, and 
consists of activities such as diagnosing, remov- 
ing, repairing, replacing, and testing. Pre- 
ventive maintenance and corrective mainte- 
nance frequently are called scheduled mainte- 
nance and unscheduled maintenance, respective- 
ly. Materiel availability depends, in part, upon 
the rapidity with which organizational main- 
tenance is accomplished. 
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Direct and general support units in the 
field normally are under control of division and 
major Army commanders, but their mission is 
to support the unit commanders. Normally, the 
direct support unit is geographically close to 
the using unit, and the general support unit 
is geographically removed. Also, the direct sup- 
port unit is more mobile than the general sup- 
port unit. Items replaced by organizational 
units are referred to direct support units for 
maintenance or disposal. Direct support units 
refer maintenance that they cannot accomplish 
to general support units. Direct support units 
exchange items with the using organization, 
whereas general support units normally return 
repaired items to stock. Depots are under con- 
trol of national level materiel managers and 
designated major oversea commanders. Depots 
perform maintenance that is designated by 
maintenance engineering as being uneconomical 
or technically impractical to perform at lower 
levels. This maintenance can range from repair 
of modules, such as printed wiring boards, to 
overhaul and rebuild of end items. Repaired 
items are returned to stock. 

4-1.2   SUPPORT SYNTHESIS (Ref. 1) 

To develop a maintenance concept, main- 
tenance engineering basically must determine 
the type, duration, and frequency of the main- 
tenance to be performed, and the maintenance 
level at which it will be performed. As has been 
indicated, this is an iterative process, with the 
concept becoming more definitive as available 
data become more definitive. For the purpose 
of this discussion, only one iteration will be 
described, and it will be assumed that oper- 
ational requirements are firm, and materiel de- 
sign is preliminary and resulted in part from 
maintenance engineering requirements based on 
historical data. 

From operational requirements, mainte- 
nance engineering knows the manner in which 
the materiel will be used, the frequency of use, 
the operational environment, deployment data, 
availability requirements, etc. From a function- 
al analysis of the design, maintenance signifi- 
cant items, feasible hardware packaging, fault 
detection and fault isolation methods, 
accessibility, etc., are determined. With this in- 
formation,  maintenance  engineering  accom- 

plishes a support synthesis that provides for 
systematic selection of a cost-effective mainte- 
nance concept and identifies new design re- 
quirements. 

Support synthesis examines and describes 
feasible support subsystem approaches. Syn- 
thesis is defined as the combination of parts 
or elements so as to form a whole. In this case, 
it is the combination of various support ap- 
proaches into a support subsystem. Synthesis 
forces consideration of support alternatives that 
might otherwise be overlooked. 

A wide variety of support approaches must 
be considered while materiel is in the prelim- 
inary design stage. Support subsystem synthesis 
evolves from combinations of such consid- 
erations as test equipment automation; external 
or built-in test equipment; number and location 
of built-in test points; use of automatic, semi- 
automatic, or manual fault detection; on-line or 
off-line maintenance actions; on-equipment or 
off-equipment repairs; replacement units or 
piece parts; subassembly or assembly; time 
change or replacement at failure; degree of 
modularization to be used; system packaging for 
accessibility; personnel skill mixes; maintenance 
allocations; and stock levels. Evaluation of these 
approaches is a complex problem because of the 
permutations involved. An aid in documenting 
synthesis efforts is the maintenance profile dis- 
cussed in par. 4-1.3. 

There are three problems that must be 
solved in synthesizing a subsystem: 

a. The variables representing the subsys- 
tem must meet the purpose of the investigation. 
Synthesis may sometimes take specialized forms 
such as describing the subsystem in terms of 
apportioned downtime, as in operational avail- 
ability studies; or in terms of cost elements, 
as when life cycle costing studies are being 
made. 

b. The scope of the representation must be 
adequate. Care must be taken not to over- 
simplify because often the worth of many of 
the maintenance design approaches is realized 
only when these approaches are combined with 
other features. 

c. Care must be taken in describing the 
synthesized support subsystem. Since these 
alternatives are the focal point of the support 
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decisions, the language in which alternative ac- 
tions are described can strongly influence the 
final solution. All characteristics of the ap- 
proaches should be made known and quanti- 
tatively described. 

4-1.3   MAINTENANCE PROFILE 

A maintenance profile is a tabular repre- 
sentation of feasible maintenance concepts for 
a system function or hardware component. It 
presents the decision parameters of possible 
alternate concepts in a manner that comple- 
ments modeling or other evaluation efforts. A 
maintenance profile has two basic purposes: 
first, it is a worksheet aid in initial identifica- 
tion of maintenance functions and in presenting 
all possible methods for their accomplishment; 
second, once drawn up, it is the communication 
medium for presenting maintenance 
alternatives for evaluation. 

A maintenance profile is used as a means 
of synthesizing approaches for accomplishing 
the maintenance functions. These approaches, 
once evaluated and decisions made as to the 
most desirable, form the basis of the mainte- 
nance concept that will be implemented for the 
system and its component equipment. The 
decision matrices contained in the maintenance 
profiles must be developed prior to the estab- 
lishment of any firm hardware configurations. 
This necessitates their use early in the main- 
tenance engineering effort, and generally before 
significant maintenance engineering analysis 
data records can be completed. Because the pro- 
files involve decisions concerning modu- 
larization, test equipment, and test point loca- 
tions, it is important that such requirements 
be determined early enough to become design 
features of the system. 

The value of a maintenance profile is its 
presentation of alternate maintenance ap- 
proaches for an item. The way these 
alternatives are entered may vary to suit the 
individual evaluation effort. In most cases, 
when the choice is between ways of accom- 
plishing a maintenance function, such as built- 
in automatic fault isolation versus manual 
troubleshooting, the maintenance function is re- 
peated for each alternate method of performing 
it. In other cases, when the alternatives affect 
several maintenance functions, such as dis- 
posable versus repairable modules, it may be 
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more advantageous to repeat the complete set 
of maintenance functions for each maintenance 
concept. 

Maintenance profile worksheet entries are 
those required to portray adequately the pos- 
sible maintenance approaches to be considered 
for the system. The entries shown in Fig. 4-1 
are typical. Entries should be those that are 
most meaningful to the design engineer- 
ing/maintenance engineering/modeling triad 
that must coordinate decisions on the proposed 
maintenance design. Fig. 4-1 entries are: 

a. Group Code. List the hardware in- 
denture code of the item for which the main- 
tenance profile is being developed. Ideally, this 
code will be the same as the code used for the 
maintenance engineering data system. 

b. Nomenclature. Enter the name of the 
item or performance function. 

c. Failure Rate \. Show the average fail- 
ure rate for the item or function named. The 
failure rate is an important basis for decision 
no matter what the maintenance approach, and 
it is desirable that it be included. It may be 
desirable to give the minimum and maximum 
range of values within which the failure rate 
may fall to provide a basis for parametric 
analysis. If a maintenance factor (operational 
failure rate) is already known, use this value. 

d. Maintenance Function. List the mainte- 
nance functions applicable to the item. In ad- 
dition to the functions generally addressed in 
the maintenance allocation charts, add the func- 
tions of fault detection and fault isolation. 

e. Equipment Status. State the condition 
of the end item during performance of the 
maintenance function (power on and working, 
system in standby, system down, etc.). This is 
important to evaluate the effect upon system 
availability. 

/ Performed When. Enter the frequency 
of the maintenance function. This entry should 
indicate whether the maintenance is required 
as a result of a failure (corrective maintenance), 
or whether the function is to be performed at. 
some interval of calendar, operating time, cycle, 
or other measure for preventive or periodic 
functions. Indicate if the function is required 
in conjunction with or as a result of another 
function, such as an "align" or "adjust" function 
being required after a "repair" function. 
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g. Performed At. Show the maintenance 
level at which the function is to be performed. 
In many cases, the maintenance level will be 
one of the parameters of alternate concepts be- 
ing depicted on the maintenance profile. If a 
maintenance concept reflects some variation 
from the normal Army maintenance organiza- 
tional structure, it should be indicated for eval- 
uation and fully explained in the "Remarks" col- 
umn. 

h. Performed By. In some cases it may be 
desirable to indicate the allocation of a main- 
tenance task to man, machine, or a combination 
that is reflected in a certain maintenance con- 
cept. This is needed particularly when various 
approaches to built-in test equipment, digital 
techniques, detached automated equipment, and 
manual methods are being evaluated. 

i Test, Measurement, and Diagnostic 
Equipment (TMDE). Indicate the extent of test, 
measurement, and diagnostic equipment in- 
volvement in accomplishing the maintenance 
function. The types of equipment envisioned 
(manual, semiautomatic, or fully automatic) 
should be indicated if appropriate for evaluation 
purposes, as well as whether the equipment will 
be located on or off the end item. Additionally, 
indicate if the function is to be accomplished 
by test equipment located at a higher or lower 
individual level of hardware. An example of this 
is a navigational computer whose built-in test 
equipment can isolate a fault to a plug-in re- 
pairable module. The maintenance profile en- 
tries against the module would indicate that 
although the fault detection method is automa- 
tic, it would be accomplished by equipment as- 
sociated with a higher level assembly and 
actually would require no test equipment for 
the module itself. 

j. Personnel. Enter the quantity and skill 
level of personnel required to perform the func- 
tion. If exact MOS requirements are not known, 
the skills should be displayed in some manner 
to convey the degree of skill involved in per- 
forming the function. For example, a fault 
isolation function performed manually may re- 
quire a maximum skill level of 4 on a relative 
skill scale of 1 to 4, whereas the same function 
performed under a concept involving built-in 
test equipment would require a skill level of 
2 on the same scale. 

k. Maintenance Time. Indicate the pre- 
dicted times to perform the function. These 
data are required to provide availability and 
cost implications. 

I. Remarks. Enter remarks applicable to 
any of the entries or to the maintenance con- 
cept that would assist in the evaluation. If a 
separate remarks sheet is used, the comments 
on the separate sheet should be coded and re- 
ferred to in the "Remarks" column on the pro- 
file worksheet. Remarks are an important part 
of a maintenance profile, because the worksheet 
entries are only a synoptic outline of the main- 
tenance concept and often do not portray the 
complete information required for full eval- 
uation of the logistic impact of the concept. 
Special cost information, special weight and 
cube data, calibration considerations associated 
with a built-in test equipment concept, or some 
variation of standard Army maintenance pro- 
cedures, such as decentralized direct support, 
are the types of information that should be in- 
cluded in the additional remarks. In addition, 
specific information concerning the type of test, 
measurement, and diagnostic equipment under 
consideration should be disclosed. For example, 
commonality of a single piece of test equipment 
to several areas of system hardware, perform- 
ance of a maintenance function by a mission 
related piece of equipment, or hybrid combina- 
tions of built-in and multipurpose test equip- 
ment should be explained fully to evaluate the 
maintenance concept. 

A maintenance profile can be designed to 
include all support resources. Facility, technical 
publications, and repair part requirements can 
and frequently should be considered, along with 
the resources shown in Fig. 4-1, depending upon 
the materiel being evaluated. In any event, once 
the profile is complete, all candidates are re- 
verified for compliance with operational re- 
quirements. As many of the surviving can- 
didates as possible are then eliminated by in- 
spection or top level analysis. Life cycle costs 
are calculated for the final group, and a main- 
tenance concept selection is made. 

4-2 MAINTENANCE PARAMETERS 

Maintenance parameters have been iden- 
tified as qualitative and quantitative main- 
tainability and reliability design features that 
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impact support requirements. These parameters 
have three major uses. They provide a vocab- 
ulary for discussing materiel design, the quan- 
titative parameters provide inputs for trade-offs 
and models, and both qualitative and quanti- 
tative parameters are useful in writing spec- 
ifications. 

Qualitative maintenance parameters other 
than specification statements are covered ade- 
quately in other portions of this handbook (Ref. 
Tables 3-1 and 6-10). Therefore, the discussion 
that follows will be limited to definitions of 
quantitative maintenance parameters and the 
use of both qualitative and quantitative param- 
eters in materiel specifications. 

4-2.1   QUANTITATIVEMAINTENANCE 
PARAMETERS (Refs. 2, 3) 

Many of the quantitative maintenance pa- 
rameters are based on elements of maintenance 
time. A discussion of these time elements and 
of several quantitative maintenance parameters 
follows. 

4-2.1.1   Materiel Life Cycle Time Elements 

After it is produced and deployed, materiel 
can be mission ready, down for maintenance, 
or in storage or reserve. Fig. 4-2 shows these 
states as time elements, and particularly 
delineates between preventive maintenance ac- 
tivities, which can be scheduled, and corrective 
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maintenance  activities,  which  occur randomly 
in time. 

Many of the elements in Fig. 4-2 are self- 
explanatory. The others will be defined. 

a. Inactive time is that time during which 
materiel is in the inactive inventory (storage 
or reserve). This time does not enter into main- 
tenance parameter considerations. 

b. Modification time results in downtime 
and unavailability of materiel. It is placed in 
a special category, because there is no way oth- 
er than by extrapolation from historical data 
to estimate the quantity and nature of required 
modifications. 

c. Supply delay time is the time spent in 
obtaining repair'parts from other than an or- 
ganizational stockroom. 

d. Administrative time comprises all ele- 
ments of delay time except supply delay time. 
For example, travel time by maintenance per- 
sonnel is an administrative delay. 

4-2.1.2  Mean lime Between'FailuresMTBF 

MTBF is a fundamental quantitative main- 
tenance parameter. This parameter establishes 
the frequency at which corrective maintenance 
is performed. 

MTBF is derived for a particular interval 
by dividing 'the total functioning life of a pop- 
ulation of an item by the total number of fail- 
ures within the population during the measure- 
ment interval. The definition holds for time, 
cycles, miles, events, or other measures of life 
units (Ref. 4). For example, if a population of 
items compiled a functioning life of 100,000 hr 
and incurred 500 failures in a measurement 
interval, 

miles, events, etc.,  as applicable to the item) 
(Ref. 4). Using the values in Eq. 4-1, 

100,000 hr 
MTBF = 

500 failures 
= 200 hr per failure (4-1) 

There is a mathematical relationship be- 
tween the MTBF and failure rate A for materiel. 
Failure rate is the number of failures of an 
item  per  unit  measure  of  life  (time,  cycles, 

X  = 
500 failures 

100,000 hr 

= 0.005 failure per hr (4-2) 
Eq. 4-2 is the reciprocal of Eq 4-1. There- 

fore, when either MTBF or X is known, the 
other may be determined by applying the 
mathematical expression 

MTBF = 1/X (4-3) 

Maintenance engineering should be famil- 
iar with several terms applicable to MTBF. 
Background information and definitions of the 
terms are given in paragraphs that follow. 

Development and operational tests con- 
ducted to determine materiel compliance with 
specifications are relatively limited in number 
due to economic and schedule considerations 
and may not reflect the true MTBF of materiel. 
Therefore, procurement decisions based on test 
results include an element of risk to both the 
Army and contractor; to the Army because in- 
adequate equipment may be accepted, and to 
the contractor because adequate equipment may 
be rejected. MIL-STD-781B (Ref. 6) describes 
test procedures that provide an equitable spread 
of Army and contractor risks. Several terms 
used and defined in the military standard that 
maintenance engineers may encounter during 
a materiel acquisition program are: 

a. Minimum acceptable MTBR A value so 
selected that an associated and specified risk 
of accepting the equipment is tolerable. This 
value is associated with consumer (Army) risk. 

b. Specified MTBR The MTBF value spec- 
ified in the Contract or equipment specification. 
This value is associated with producer (con- 
tractor) risk. 

c. Discrimination ratio: The ratio of the 
specified MTBF to the minimum acceptable 
MTBF 

d. Consumer's decision risk: The probabil- 
ity of accepting equipment with a true MTBF 
equal to the minimum acceptable MTBF (the. 
probability of accepting equipment with a true 
MTBF less than the minimum acceptable MTBF 
will be less than the consumer's decision risk). 
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e. Producer's decision risk: The probability 
of rejecting equipment with a true MTBF equal 
to the specified MTBF (the probability of re- 
jecting equipment with a true MTBF greater 
than the specified MTBF will be less than the 
producer's decision risk). 

MIL-STD-781B assigns standard symbols 
to the foregoing terms and provides consid- 
erable information on reliability tests which is 
beyond the scope of this discussion. The docu- 
ment should be consulted before an attempt is 
made to use or evaluate the results of tests 
conducted under its provisions. 

4-2.1.3   Individual Corrective Maintenance Task 
Time M„. 

Mcti is the time required to complete an 
individual maintenance task or an individual 
maintenance action. Individual' maintenance 
task or maintenance action times observed dur- 
ing a test, for example, would be denoted as 
Mcti. When maintenance time estimates are 
based on an average of several observations, 
as used in prediction analysis for example, in- 
dividual maintenance task or action times are 
denoted by Mcti, to indicate that the value is 
an average value for the individual task or ac- 
tion. The following notations for individual cor- 
rective maintenance time are used throughout 
and are interchangeable in the equations in 
which they appear: 

Afct- = corrective maintenance time re- 
quired to complete the ith individ- 
ual maintenance task or the ith in- 
dividual maintenance action, based 
on a single observation. 

N 

2Mctt 

Mr,      = 
N 

(4-4) 

average corrective maintenance 
time required to complete the ith 
individual maintenance task or the 
ith individual maintenance action, 
averaged over several (e.g., AO ob- 
servations for the same (ith) task 
or action. 

Mcti is synonymous with Mct[ when N = 1, as 
in the case of single observations for individual 
maintenance actions completed during a dem- 
onstration test. 

4-2.1.4  Mean Time To RepairMcl 

Met is the mean time required to complete 
a maintenance action; i.e., total maintenance 
downtime divided by total maintenance actions, 
over a given period of time. Mean time to repair 
(often denoted as MTTR) is defined as the sum- 
mation of all mintenance downtime during a 
given period divided by the number of main- 
tenance tasks (actions) during the same period 
of time, given as: 

Mcl 

N 

2 \iMcti 
i = i 

N 

S Xi 

(4-5) 

where 

A, 

Mr,;  = 

failure rate of the individual (ith) 
element of the item for which 
maintainability is to be deter- 
mined, adjusted for duty cycle, 
catastrophic failures, tolerance and 
interaction failures, etc., which will 
result in deterioration of item per- 
formance to the point that a main- 
tenance action will be initiated. 

average repair time required to 
correct the ith repairable element 
in the event of its failure. 

4-2.1.5  Median Time To RepairMcl 

Mct is the downtime within which 50 per- 
cent of all maintenance actions can be com- 
pleted. The median maintenance downtime is 
that value which divides all the downtime val- 
ues so that one-half of the values is equal to 
or less than the median and one-half of the 
values is equal to or—greater than the median. 
The median value Mct also is referred to as 
the geometric mean MTTRQ or equipment re- 
pair time ERT in some maintainability docu- 
ments. The median value of the maintainability 
function is related to individual time to repair 
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estimates as follows, for the lognormal main- 
tainability function: 

Mct = antilog {log Afct} 

(4-6) 
2 \i log Mcti 

=  antilog 
N 

2 Xi 
i = ] 

4-2.1.6  Maximum Time To Repair MmaXc( 

Mmaxct is the maximum time required to 
complete a specified percentage of all mainte- 
nance action, often abbreviated as MaxTTR. 
This is a maximum maintenance downtime de- 
fined as that value of maintenance downtime 
below which a specified percent of all main- 
tenance actions can be expected to be com- 
pleted. Unless otherwise specified, this value is 
taken at the 95th percentile point of the dis- 
tribution of downtimes. MmaXct is related to in- 
dividual repair times comprising the underlying 
lognormal probability density function, as fol- 
lows: 

MmaXct  = antilog { log Mct 

+xS]ogwct\ (4-7) 

where 

2 \llogM( cU 

logMc(  = 
N 

2 A* 

=  mean of logarithms of Mcti 

x = value from table of normal dis- 
tribution one-tailed test corre- 
sponding to the specified per- 
centage point at which Mm(M(.( is 
defined; e.g., 

x   =   1.645 for the 95th percentile 

x =   1.283 for the 90th percentile 

^OSMr,        = 

2 (logMctif- d log Mcti)
2/N 

i=i 1=1 

N- 1 

= standard deviation of the sample 
of logarithms of average repair 
times Mcti. 

pi 4-2.1.7  Mean Preventive Maintenance Time A4 

Wpt is the mean (or average) equipment 
downtime required to perform scheduled pre- 
ventive maintenance on the item, excluding any 
preventive maintenance time expended on the 
equipment during operation and excluding ad- 
ministrative and logistic downtime. Mean time 
for preventive maintenance is given by: 

Mpt  = 
t = i 

(4-8) 
N 

where 

fi = frequency of individual (ith) pre- 
ventive maintenance action in ac- 
tions per operating hour adjusted 
for equipment duty cycle 

"Mptt =  average time required for ith pre- 
ventive maintenance action 

4-2.1.8  Median Preventive Maintenance Time Mpl 

The equipment downtime required to per- 
form 50 percent of all scheduled preventive 
maintenance actions on the^equipment under 
the conditions described for Mpt is given by the 
following expression for the lognormal case: 

Mpt =  antilog 

2 A; log Mpti 

N 

2Xi 
1 = 1 

(4-9) 

4-2.1.9   Maximum Preventive Maintenance Time 

The  maximum   equipment  downtime re- 
quired to complete X percent of all scheduled 
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preventive maintenance actions on the equip- 
ment is given by the following expression for 
the lognormal case: 

Mmaxpt  = antilog {lög~Wp7 + xSiogFp(}(4-10) 

4-2.1.1 0 Maintenance Downtime Rate MDT 

The maintenance downtime rate per op- 
erating hour is comprised of downtime due to 
corrective maintenance and downtime required 
for preventive maintenance, given by the fol- 
lowing expressions: 

a. Corrective downtime rate MDTct is cor- 
rective maintenance downtime per hour of op- 
eration, given by: 

MDTct =    2Xi Mcti =     2\iMct (4-11) 
1=1 8 =  1 

where 
Aj  = failure rate per hour for the ith 

item. 

b. Preventive downtime rate MDTpt is pre- 
ventive maintenance downtime per hour of op- 
eration, given by: 

MDTvl  = 2fiMpti = ZfiMpt 
i =■ 1 i - 1 

(4-12) 

where 

fi = frequency of the ith task per hour 

c. Total downtime rate MDT is total main- 
tenance downtime for corrective and preventive 
maintenance rates combined, given by: 

'MDT = MDTct  + MDTpt (4-13) 

4-2.1.1 1  Maintenance Man-hour per Operating 
Hour Requirements(Maintainability 
Index) 

Maintainability characteristics of equip 
ment design are reflected in the cost of equip- 
ment ownership by the number of man-hours 
of technician time required to keep the equip 
ment at the specified level of performance. The 
computation of maintenance man-hours per op- 
erating hour (maintainability index) includes 
the determination of maintenance man-hours 
required  at each of the three levels of main- 

tenance (organizational, field, and depot) per 
hour of equipment operation. Basic equations 
for the computation of maintainability indices 
for a given design are: 

a. Maintainability index for corrective 
maintenance MI, is the mean corrective main- 
tenance man-hours per equiphient operating 
hour, given by: 

MI,  =    ZXiMci (4-14) 

where 

MI, = mean corrective maintenance man- 
hours at the designated level of 
maintenance required per hour of 
equipment operation 

Xj  = failure rate of the  individual (ith) 
repairable element in failures per 
106 hr of operation, weighted by 
duty cycle, tolerance, and inter- 
action malfunction rate 

WCi = average maintenance man-hours at 
the designated level of maintenance 
required to complete the* individual 
(ith) corrective repair action 

b. Maintainability index for preventive 
maintenance MI, is the mean preventive main- 
tenance man-hours per equipment operating 
hour, given by: 

MI,   =    J,fiMVi (4-15) 

where 

MI, = mean preventive maintenance man- 
hours at the designated level of 
maintenance required per hour of 
equipment operation 

ft = frequency' of the ith preventive 
maintenance action, in actions per 
106 hr of operation, weighted for 
duty cycle 

MPi = average maintenance man-hours at 
the designated level of maintenance 
required to complete the ith pre- 
ventive repair action 

c.  Maintainability index MI is a measure : 

of the  total  maintenance  man-hours  required 
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to maintain a product in 
hour of operation, given by 

MI = MI,   + MI, 

operational status per 
IT' 

(4-16) 

=    2\MCi+   2ftMPi 

d. Maintenance man-hours per task is the 
relationship between maintenance man-hours 
per operating hour and maintenance man-hours 
per maintenance task, given by: 

Mr     = 

and 

M„  = 

N 

Z\MIC 

hiMip 

(4-17) 

(4-18) 

where_ 
Mr 

Mn  = 

mean corrective maintenance man- 
hours per corrective maintenance ac- 
tion 

mean preventive maintenance man- 
hours per preventive maintenance 
action 

4-2.1.12 Availability 

Availability is an operational parameter, 
but it is defined completely by maintenance pa- 
rameters. Therefore, definitions and 
mathematical expressions for the three cate- 
gories of availability are relevant to a dis- 
cussion of maintenance parameters. 

a. Inherent availability At is the probabil- 
ity that materiel, when used under stated con- 
ditions in an ideal support environment (e.g., 
available tools, spares, manpower), will operate 
satisfactorily at a given point in time. It ex- 
cludes preventive maintenance actions, supply 
time, and administrative downtime. 

Ai = 
MTBF 

(4-19) 
MTBF + Mct 

where terms are as previously defined. 

b. Achieved availability Aa is the proba- 
bility that materiel, when used under stated 
conditions in an ideal support environment (e.g., 
available tools, spares, manpower), will operate 
satisfactorily at a given point in time. It ex- 

cludes supply time and administrative down- 
time. Achieved availability is directly relatable 
to the early design process as a means of meas- 
uring equipment reliability and maintainability 
characteristics. 

Aa = 
MTBM 

MTBM + M 
(4-20) 

where 

MTBM = mean time between all mainte- 
nance, corrective and preventive. 
Corrective maintenance require- 
ments are determined by inherent 
reliability modified by K-factors 
for manufacturing defects, oper- 
ator errors, etc. 

ffl =  mean  maintenance  time  for both 
corrective and preventive tasks. 

A mathematical expression for MTBM is: 

1 
MTBM = 

1 1 
(4-21) 

MTBMr,  + MTBM, Pt 

where 

MTBMct  = mean   time  between  corrective 
maintenance 

MTBMvt  = mean  time  between  preventive 
maintenance 

A mathematical expression for M is: 

_ 1 _ 1 
(Met)    + (Mpt) 

MTBMrl 
M = 

MTBMpt 

1 1 (4-22) 

MTBMa MTBMPt 

where terms are as previously defined. 

c. Operational availability A, is the prob- 
ability that materiel, when used under stated 
conditions in an actual operational environment, 
will operate satisfactorily when called upon. 
A mathematical expression for continuously op- 
erating materiel is: 

MTBM 
A,   = 

MTBM +MDT 
(4-23) 
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where 

MTBM is as previously defined 
MDT = mean downtime. This is the total 

time during which materiel is not 
ready to perform its intended func- 
tion, and includes all downtime 
shown in Fig. 4-2, except modi- 
fication time. 

Operational availability for a system that 
does not operate continuously, but is used inter- 
mittently, or is operated for a short period of 
time for checkout, and is then considered avail- 
able can best be expressed by: 

A,  = 
MTBM + ready time 

(4-24) 
MTBM + ready time + MDT 

where 

MTBM and MDT are as previously defined 

Ready time = time when materiel is ready 
for use, but is not actually 
being operated 

In addition, operational availability may be 
defined and calculated by the following ex- 
pression: 

Ut 
A,  =  (4-25) 

Ut + Dt 

where 

A,   = operational availability 

Ut  = uptime, the time that materiel is 
mission ready 

Dt = downtime, the time that materiel 
is not mission ready 

Uptime Ut is that time during which main- 
tenance is not performed and materiel is ready 
for use. Downtime Dt is all of the downtime 
shown in Fig. 4-2, except modification time. 

4-2.2   MAINTENANCE PARAMETERS IN 
SPECIFICATIONS 

The incorporation of maintenance param- 
eter requirements into materiel specifications is 
equal in importance to determining what the 
parameters should be. To be of greatest use, 
the parameter requirements must be properly 
worded. If satisfaction of the requirement can- 
not be verified by test or demonstration, the 

value of the specification entry is lessened. In 
writing specifications, eliminate, whenever pos- 
sible, the use of such vague wording as min- 
imize and maximize. The specification should 
contain the following: 

a. Definitive statements with no ambiguity 

b. Realistic quantitative and qualitative re- 
quirements consistent with the state of the art 
and materiel constraints 

c Requirements that can be tested or dem- 
onstrated. 

Unfortunately, it is not possible always to 
write quantitative specifications for complex 
materiel programs in the early program phases. 
The knowledge with which to write some of 
the desired specifics does not become available 
until well into the development phase. In these 
cases, it is necessary at times to write qual- 
itative statements. To demonstrate this, some 
randomly selected system specification require- 
ments for an Army system currently in devel- 
opment will be given. It will be noted that the 
requirements reflect a mixture of qualitative 
and quantitative parameters. These require- 
ments are followed by an assumed list of spec- 
ification requirements that demonstrate how 
quantitative parameters information should be 
used, if it is available. 

4-2.2.1   Extracts Froma Current Specification 

The following extracts from a system spec- 
ification for an Army system currently in de- 
velopment have been edited to such a minor 
degree that they may be considered as direct 
quotations. Quantitative requirements per- 
taining to maintenance times are included in 
the specification, but are classified and not in- 
cluded here. 

a. Test Equipment The system shall be so 
designed that necessary operator and organi- 
zation maintenance can be performed by using 
common and special test equipment. Common 
test equipment shall be used whenever it is 
cost-effective to do so. Special tools and test 
and calibration equipment shall be developed 
concurrently with development of the end items 
or system. To preclude any unnecessary in- 
troduction of new tools or test and calibration 
equipment into the supply system, a review 
shall be made of items in the Department of 
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Defense inventory to insure that maximum use 
is made of existing items prior to proceeding 
with a new development effort. The number, 
weight, type's, kinds, and sizes of tools and test 
and calibration equipment required for main- 
tenance shall be kept to a minimum. It is de- 
sired that organizational test and maintenance 
equipment be integral to the tactical equipment. 

b. Maintenance Calibration and Secondary 
Transfer Equipment. The required maintenance 
calibration and secondary transfer calibration 
equipment shall be developed concurrently. 
When no existing GFE or acceptable com- 
mercial equipment is available, items will be 
selected, tested, and type classified, if appro- 
priate, as part of the overall system. Mainte- 
nance calibration and secondary transfer cal- 
ibration equipment shall be provided for those 
items of common and special test equipment 
used by the system in the field. 

c. Accessibility Requirements. System de- 
sign shall insure ease of accessibility to such 
frequently checked items as batteries, filters, 
lubrication points, and replacement items. The 
test points for system peculiar electrical com- 
ponents shall be accessible from the interior 
of the shelter to the extent practicable. 

d. Electrical Component Replacement. It is 
required that, when feasible, electrical compo- 
nents requiring field replacement be capable 
of being removed and replaced from the interior 
of the shelter. 

e. Modular Design. The system shall be 
designed to make maximum use of integrated 
circuit subassemblies and modularized subas- 
semblies. Equipment (electrical, hydraulic, and 
pneumatic) shall be packaged into economically 
optimized, nonrepairable modules, whenever 
cost-effective. The number of different types of 
system modules and components shall be min- 
imized to reduce the number of repair part line 
items and tool types required for maintenance. 

/ Lubrication. The number of points to be 
lubricated shall be kept to an absolute min- 
imum. All grease fittings shall be of the same 
type throughout the system and shall accom- 
modate standard Army greasing equipment. Fill 
ports shall be readily accessible and large 
enough to facilitate filling, and shall incorpo- 
rate features to impede the introduction of im- 

purities. They shall be located so that lubricants 
can be replenished conveniently. 

g. Alignments and Adjustments. Align- 
ments and adjustments shall be reduced to the 
fewest number possible. All alignments and ad- 
justments, except those associated with main- 
tenance calibration, shall be performed with the 
use of built-in test equipment. Adjustments and 
alignments, other than those controls normally 
available to operator personnel, shall not be re- 
quired after installation of a unit or assembly 
by organizational level maintenance personnel. 

h. Quantity of Repair Parts. The number 
of new and common line items in the system 
shall be minimized. 

4.2.2.2   Typical Quantitative Specification 
Requirements 

The typical examples that follow reflect 
the incorporation of quantitative maintenance 
parameter requirements into specifications. 
Each blank space represents a quantity or 
positive instruction. 

a. Maintenance. 

(1) Preventive  maintenance  downtime 
shall  not  be  more  than hours  within 
a  day period. 

(2) Preventive maintenance shall not 
be required. 

(3) The mean active maintenance time 
for the materiel shall not exceed hours. 
This time shall be calculated in the manner 
prescribed by  . 

(4) Maintenance reliability, the proba- 
bility that the materiel is capable of performing 
its mission after a satisfactory maintenance 
checkout, shall be greater than  percent. 

b. Mechanical and Electrical Packaging. 

(l)That portion of the materiel that 
accounts for at least percent of the total 
failures shall be packaged in disposable modules 
with a procurement cost goal of $  , but 
not to exceed $   . 

(2) The number of different types of 
plug-in subassemblies shall not exceed  . 

(3) Hoisting provisions shall be provid- 
ed on all removable items that weigh more 
than  pounds. 

(4) All fastening devices securing ac- 
cess entries shall be captive and hand operated. 
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(5) All connectors shall be mounted to 
provide a minimum space of inches be- 
tween adjacent connectors and other obstruc- 
tions. 

c. Adjustments. 

(1) The materiel shall not require pe- 
riodic field electrical or mechanical adjustment 
or alignment during its specified service life. 
Adjustable electrical or mechanical components 
may be used, provided they are set and sealed 
at the factory. 

(2) There will be no maintenance ad- 
justments on the materiel unless they are 
justified by total system trade-offs and ap- 
proved by the procuring agency. 

d. Calibration. 

(l)The materiel shall require no tal- 
ibration. 

(2) The materiel shall not require cal- 
ibration  in less than  a   day interval, or 
after less than    operating hours. Required 
calibration time shall not exceed a mean 
of   hours. 

e. Miscellaneous. 

(l)The materiel shall be maintained 
at the  maintenance level with standard 
hand tools. Standard tools are defined as tools 
that are already in the Federal Supply System. 

(2) Each assembly, subassembly, or 
piece part that is subject to replacement at any 
maintenance level shall be an interchangeable 
item. Interchangeable items are those having 
the same manufacturer's or stock number 
which, when substituted for each other without 
modification, selection, or adjustment, shall pro- 
vide identical physical and functional charac- 
teristics. 

4-3 MAINTENANCE MODEL 

The design and development of a cost- 
effective materiel-support subsystem combina- 
tion, also called a weapon system, require con- 
current consideration of many variables. There 
is interdependence between the operating 
materiel and the support subsystem as a whole, 
as well as interdependence between various 
types of resource requirements within the sub-, 
system. Materiel cost-effectiveness is attained 
by optimizing the many dependent interfaces. 

When this is accomplished, the result is a 
materiel-support subsystem combination which 
imposes minimum life cycle costs. After the 
materiel is deployed, field data are used as a 
basis for evaluating and improving materiel 
cost-effectiveness. 

The paragraphs that follow describe a 
maintenance procedural model that can be used 
to guide the accomplishment of required op- 
timization actions. Later, the model is applied 
to a subsystem of a currently deployed Army 
weapon system. 

4-3.1   MAINTENANCE PROCEDURALMODEL 

A maintenance procedural model is 
depicted in Figs. 4-3 and 4-4. Fig. 4-3 is a top 
level functional flow diagram that includes the 
determination of maintenance requirements and 
the reporting of field experience. The model 
shows that some field reports can initiate the 
total model cycle, while others initiate only part 
of the cycle. 

Fig. 4-4 shows the second level, detailed 
activities associated with the first seven steps 
of the top level flow. 

To insure continuous harmony between op- 
erational materiel and the support subsystem, 
the model sequence is iterated many'times dur- 
ing a materiel program. This means that at 
any point, the maintenance concept and support 
resource requirements are identified to the de- 
gree permitted by materiel design definition. 

The paragraphs that follow describe activ- 
ities involved in accomplishing the nine top lev- 
el steps when the model is'used. Reference to 
Fig. 4-4 will be useful during discussion of the 
first seven steps. 

4-3.1.1   Step 1.0—Identify Items 

Maintenance engineering analysis is per- 
formed on each item of the system that con- 
tributes to the maintenance burden of the sys- 
tem. These items are identified from a gener- 
ation breakdown provided by configuration 
management. The identification may include, 
but not be limited to, the following: 
nomenclature, work breakdown structure 
number, equipment identification code, and 
drawing: number. The items selected are the 
maintenance significant items. Analysis also is 
performed on Government-furnished equipment, 
if this is a contractual requirement. 
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Figure 4-3.   Maintenance Procedural Model - Top level 

4-3.1.2  Step 2.0—Develop Maintenance Concept 

Current data from other functional areas 
are combined with previously developed main- 
tenance engineering analysis data. These cur- 
rent and previously developed data 'consist of 
such items as: 

a. Design data 

b. Preliminary engineering drawings 
and/or sketches 

c. Reliability and maintainability data 

d. Maintenance related  data for govern-■ 
ment furnished equipment 

e. Results of maintenance support trade- 
offs 

/  Operational requirements. 

Alternative maintenance concepts are syn- 
thesized with the assistance of a maintenance 
profile chart (par 4-1.3). A final maintenance 
concept selection is made based on life cycle 
costs, which are relatively gross since detailed 
resource requirements are not determined at 
this point in the model. The maintenance con- 
cept decision, normally made in conjunction 
with maintainability engineering, involves the 
determination of who, where, how, and with 
what (support resources) materiel will be main- 
tained. 

The maintenance concept is constrained by 
operational requirements.  During the formula- 

tion of the maintenance concept, maintenance 
engineering and maintainability engineering 
maintain close liaison and interchange main- 
tenance analysis and maintainability analysis 
data. The selected maintenance concept: 

a. Provides the practical basis for design, 
layout, and packaging of the system and its 
test equipment. 

b. Establishes the scope of maintenance re- 
sponsibility for each maintenance level and 
identifies the support resources. 

4-3.1.3   Step 3.0 —Develop Support Data 

Maintenance engineering, based on hard- 
ware identification, design, performance re- 
quirements, and the maintenance concept per- 
forms maintenance engineering analysis. The 
analysis process at this point has progressed 
from the top level maintenance profile to the 
detailed analysis of materiel in terms of support 
requirements and general identification of the 
required resources. During this process, general 
types of support resources, such as an un- 
specified type of multimeter, are selected that 
satisfy the maintenance requirements at lowest 
life cycle costs. 

In the analysis, if problem areas that dic- 
tate changes in design or support are identified, 
studies are initiated to determine the system 
impact in terms of cost effectiveness. 
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The maintenance analysis is performed for 
each of the maintenance significant items. The 
analysis process includes: 

a. Identification of the maintenance action 
and level of maintenance 

b. Identification of the maintenance fre- 
quency and maintenance factor for each item 

c. Identification of the detailed sequential 
order of performance of the specific tasks to 
be performed to accomplish the maintenance 
tasks 

d. Identification of the support resource re- 
quirements for each item. 

The detailed results of the maintenance en- 
gineering analysis are entered in the mainte- 
nance engineering data system and are sum- 
marized for use by other functional areas. 

4-3.1.4  Step 4.0—Perform Maintenance Task 
Analysis 

A. maintenance task analysis is conducted 
for each maintenance significant item that re- 
quires corrective and/or preventive mainte- 
nance. The purpose of the analysis is to describe 
all maintenance related tasks and specific sup- 
port resources; i.e., an AN/URM-105 multim- 
eter, required for performance of the mainte- 
nance actions in accordance with the mission, 
the use doctrine, and the maintenance concept. 
The ultimate goal is identification and docu- 
mentation of every maintenance task associated 
with the materiel. 

The task analysis begins with delineation 
of the basic system checkout and maintenance 
routine. To facilitate this analysis, the checkout 
and maintenance routine is outlined in flow 
diagram format to provide a basis for deter- 
mination and identification of detailed main- 
tenance requirements. The results of the main- 
tenance task analysis include the following 
data: 

a. Facility requirements 

b. Tools and test equipment (common and 
special) 

c. Repair parts 

d. Consumable materials 

e. Refined maintenance factors 

/  Sequential maintenance tasks 

g.  Personnel and skill levels 

h.  Training requirements 

i  Task times 

j. Maintenance actions and maintenance 
levels. 

4-3.1.5   Step5.0—Review/Consolidate 
Requirements 

Upon completion of the individual task 
analysis for each item, the information devel- 
oped is summarized on an equipment, an end 
item, or a system basis. The result of this over- 
all summation will define the overall mainte- 
nance and support resource requirements and 
provides for the consolidation of resources to 
avoid redundancy. 

4-3.1.6  Step6.0-Identify/Resolve Problems 

The results of the task analysis, both in- 
dividually and overall, are reviewed in relation 
to maintainability/design requirements, main- 
tenance problems related to design dis- 
crepancies, potential logistic support planning 
revisions, and identification of required de- 
sign/support trade-offs. These areas are review- 
ed to assure that the materiel, as designed, and 
the planned support will satisfy performance 
and operational requirements at lowest life cy- 
cle costs. Each one of the data elements de- 
veloped during the task analysis is assessed 
both by maintenance engineering and the sup- 
port elements. Assessment effort by the support 
elements is facilitated by the task analysis sum- 
maries produced and distributed by mainte- 
nance engineering. 

4-3.1.7  Step 7.0—Initiate/Update Maintenance 
Data System 

The maintenance analysis data resulting 
from the foregoing step are entered into the 
maintenance engineering analysis data system. 
The maintenance engineering analysis effort is 
an iterative process, initiated in the concept 
phase and updated throughout the development, 
production, and deployment phases. The results 
of each analysis are disseminated to the support 
elements. Subsequently, information is received 
from these elements. The combined information 
provides a data system package from which in- 
formation pertaining to a desired hardware lev- 
el may be extracted. 
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4-3.1.8  Step 8.0—Implement Data System Results 

This step spans the materiel production 
and deployment phases. During production, 
maintenance engineering data are updated, and 
resources identified by the data are acquired. 
During deployment, materiel is operated and 
maintained with the procedures and resources 
that were developed in steps 1.0 through 7.0. 

4-3.1.9   Step 9.0— Report Field Experience 

Problems with the materiel are reported 
on equipment improvement reports or field 
service reports. These reports provide the basis 
for identification of changes in design or sup- 
port, or in operational procedures. Typically, 
these reports may identify requirements for in- 
creased preventive maintenance to prevent 
problems, changes in operational procedures to 
avoid hardware failure or personnel injury, and 
modifications to correct hardware deficiencies. 
The reported problems may be the result of 
unusual climatic or environmental conditions 
not considered in the initial development, or of 
personnel deficiencies. Whatever the contrib- 
uting factor, the reported field problems are 
reviewed by maintenance engineering, and ap- 
propriate action is initiated. Serious problems 
initiate repetition of steps 1.0 through 9.0. Mi- 
nor problems initiate repetition of all or some 
of steps 6.0 through 9.0. 

4-3.2   MAINTENANCE PROCEDURAL MODEL 
APPLICATION 

In the paragraphs that follow, the model's 
use and effectiveness of the model is demon- 
strated by applying it to PERSHING, a 
deployed Army system. In the interest of sim- 
plicity, the discussion is limited to a single end 
item. 

4-3.2.1   Background Information 

a. System Description. PERSHING is a 
surface-to-surface, two-stage, solid propellant 
ballistic missile with selective range capability. 
The system provides both a quick reaction alert 
capability and support for the field Army. The 
major items of equipment in the system are: 

(Y)Programmer-test Station. The 
programmer-test station is a mobile fire control 
center, which consists of the computer and 
monitoring equipment that automatically per- 
form missile checkout and countdown. 

(2) Erector-launcher. The erector- 
launcher consists of a semitrailer transporter, 
erector, launch pad, a warhead section pallet, 
and a davit assembly. The erector-launcher pro- 
vides for transportation, erection, and launching 
of the missile. 

(3) Power Station. The power station 
is a self-contained, skid-mounted unit that pro- 
duces AC and DC electric power, high-pressure 
air, and conditioned air. It is powered by a gas 
turbine engine that uses jet fuel or combat 
gasoline. 

(4) System Component Test Station. 
The system component test station, which is 
housed in an M373A2 Maintenance Van, per- 
forms the rear area PERSHING maintenance 
mission. The van contains a dismounted 
programmer-test station, an assembly tester, a 
pneumatic test console, and a card and module 
test set. The system component test station pro- 
vides automatic testing and malfunction diag- 
nostics of items in the PERSHING inventory. 

(5) Power Distribution Sets. The power 
distribution sets consist of electrical cables, 
high-pressure airhoses, conditioned-air ducts, a 
power distribution box, and an electrical heat- 
ing control box. 

b. Maintenance Philosophy. The PER- 
SHING maintenance concept involves support 
at each maintenance level, as follows: 

(1) Organizational maintenance is per- 
formed by and is the responsibility of the using 
organization on equipment in its possession. 
Firing battery equipment operators or crewmen 
and firing battery maintenance personnel per- 
form maintenance that is either preventive or 
corrective. 

(2) Direct support maintenance is per- 
formed in support of the using organization by 
a direct support unit. Direct support mainte- 
nance personnel perform corrective mainte- 
nance at the firing site or in the rear area. 
This maintenance includes fault isolation and 
repair or replacement of components, assem- 
blies, and subassemblies on a return-to-user 
basis. The direct support units also perform pre- 
ventive maintenance tasks above the organiza- 
tional capabilities. 

Direct support maintenance personnel use 
mobile test and maintenance facilities to sup- 
port the using organization  at the firing site. 
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A system component test station is used in the 
rear area to diagnose defective items and is 
augmented by a complete complement of tools, 
test equipment, and repair facilities with which 
to perform maintenance. All equipment normal- 
ly is rendered serviceable and returned to the 
user through repair or replacement of un- 
serviceable items. When corrective maintenance 
is beyond the workload capabilities of direct 
support units, unserviceable items are referred 
to general support units. 

(3) General support maintenance is 
performed in support of both the user and di- 
rect support units in a rear area. This main- 
tenance consists of fault isolation, repair, re- 
placement, and limited overhaul of assemblies 
and subassemblies beyond the workload 
capabilities of the direct support units. 

(4) Depot maintenance personnel sup- 
port the Army supply systems through the use 
of tools and test equipment similar to those 
of the manufacturer. Repair parts and other 
materials necessary for repair and overhaul of 
unserviceable items are stored at the depot. Un- 
serviceable items are restored to a serviceable 
combat-ready condition and are returned to the 
supply system, or are salvaged if repair is con- 
sidered uneconomical. Serviceable items placed 
in the supply system by the depot shall be func- 
tionally and physically interchangeable with 
and have an operational life expectancy rea- 
sonably near that of an identical new item with 
the same ordnance part or stock number. 

c. Problem. Field reports revealed that the 
PERSHING power station had an unacceptable 
mean time to repair and an excessive failure 
rate. The maintenance procedural model (Fig. 
4-4), starting with step 1.0, was used as guid- 
ance in correcting these deficiencies. 

4-3.2.2   Step 1.0—Identify Items 

The power station items were initially 
identified from a generation breakdown. The 
items were identified in terms of group con- 
figurations and individual maintenance signifi- 
cant items within the groups. Twenty-nine basic 
groups were identified. Columns 1 and 2 of the 
maintenance allocation chart presented in Table 
4-1 show some typical groups. Data with which 
to prepare the maintenance allocation chart, 
other than group identification, are developed 
during subsequent step 5.0, and the process is 
not completed until step 7.0. 

4-3.2.3  Step 2.0—Develop MaintenanceConcept 

The Army established the following re- 
quirements for the redesign and repackaging 
of the power station: 

a. Decrease the existing mean corrective 
time of 8.6 hr by at least 50 percent. 

b. Reduce failures during alert from the 
existing 15 percent to 6 percent. 

c. Design so that 28 percent of the power 
station failures would be correctable with the 
power station in its operational position. 

The failure rate data are of special 
significance in this step, for they form the 
baseline for determining maintenance signifi- 
cant items, the failures anticipated per year, 
and the maintenance factor for the repair items, 
and are used in the calculation of the mean 
time to repair. 

It was determined that the mean corrective 
time reduction would be obtained by increasing 
accessibility, and the reduction of failures dur- 
ing alert would be obtained by increasing the 
reliability of the contributing components. The 
new design was to incorporate the following: 
redesigned structure enclosure for increased ac- 
cessibility, a redesigned electrical distribution 
center to locate centrally electrical components 
presently located elsewhere, a redesigned con- 
trol cubicle to swing open for improved ac- 
cessibility, rerouting of tubing, hoses, and elec- 
trical cabling, and relocation of components to 
increase maintenance accessibility. 

Some specific determinations as a result 
,of design analysis were: 

a. Turbine. The turbine posed possibly the 
greatest single power station maintenance prob- 
lem. In the original unit, work on the turbine 
and its accessories was accomplished through 
the top of the power station outer structure. 
Turbine removal and replacement required 24 
hr. It was decided to design the outer power 
station structure as a "clamshell" attached by 
quick-release fasteners. Additionally, a coupling 
was placed in the turbine drive shaft, which 
permitted removal of the turbine alone. Pre- 
viously, it was necessary to remove the turbine, 
a gearbox, and a generator as a unit. 

b. Battery Access. In the original unit, 
batteries were inaccessible. Adding electrolyte 
required 2 hr, and battery removal required 2.7 
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TABLE 4-1.  MAimOJANCE ALLOCATION CHART 

(1) (2) (3) (4) (5) 

KNCTTONAL CHOP 

MAINTENANCE  FUNCTIONS 
TOOLS AND 
EQUIP1-ENT 

REMARKS 

A B C D E F G II I J K 
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es E 
« 
55 
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En 

e s s 
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W 

DQ 
H 

< 
in 
z 
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1 
0. s 

< 

•4 

< 
5 

i 

9 
M 

01 s 
PART  I  "  FOMR STATION 

01 Power Station Conponents C c C 0 o o 1-B,1-D,1-H, 
1-1 

02 Cover Assenbly   and Components 
Panels C F F A-A 
Mechanism,   Sliding Door F F F 
Switch , Sensitive 0 O A-H 
Wiring 0 F 
Horn , Electric 0 F 
Door Assenbly,   Sliding F F 
Ducting F 
Cover Assenbly C O 0 

03 Air Conditioner,   Frame,   and 
Components 

A i r Conditioner 
Valve , Modulating 
Valve , Regulating 
Valve , Butterfly 
Actuator Unit 
Water Separator Assenbly 
Cooling Turbines 
Cooling Qiaafcer 
Heat Exchangers 
Muffler and Plenum 

F 

F 

F 

F 

F 

0 
F 

0 
F 

F 

F 
F 
F 
F 
D 
F 
F 
F 
F 
F 

0 
F 
D 
D 
D 
0 
D 

F 

D 
D 

2-B 

B-H 

A-A 

A-A 
04 AC Generator,   DC Generators , 

and Components 
Generator, AC 
Generator, DC 

H 
F 

F 
F 

F 
F 

D 
D 

3-B 
4^ ,4-K 

D-H,D-I 
E-H ,E- I 

05 Air Conpressor  and Conponents 
Air Conpressor F C F F O D 2-B F-G F-H 
Relief Valves F D F-I 
Solenoid Dump Valve F D 

hr. It was decided to relocate the batteries and 
place them on a rollout tray. 

c. Electrical Distribution   Center. In the 
original unit, maintenance access was gained 
by disconnecting numerous cables and removing 
the unit from its rack. Removal and replace- 
ment required 5 hr. It was decided to provide 
cable service loops and support rails to permit 
maintaining the unit without disconnecting ca- 
bles. 

d. Fault Isolation. In the original unit, 
lights, meters, etc., 'were used to indicate 
malfunctions. Any one of several failures would 
cause the same indication, and procedures did 
not adequately describe optimum courses of ac- 
tion. It was decided to add additional indicators 

and to develop detailed fault isolation proce- 
dures. 

Based on the requirement for percent of 
repair to be performed at the site, maintenance 
time requirements, the planned repackaging 
and redesign, and gross cost analyses, the main- 
tenance concept shown in column 3 of Table 
4-1 was selected. The following symbology used 
in the subcolumns denotes the lowest mainte- 
nance level authorized to perform the mainte- 
nance functions: 

C—Operator or crew 
0—Organizational maintenance 
F- Direct support maintenance 
H-General support maintenance 
D—Depot maintenance 
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4-3.2.4  Step 3.0—Develop Support Data 

Preliminary identification of tool and 
equipment requirements was completed as 
shown in column 4 of Table 4-1 for each of 
the maintenance functions identified in column 
3. These items were identified by maintenance 
category, nomenclature, and tool number. In ad- 
dition, appropriate remarks pertinent to the 
maintenance functions were delineated in col- 
umn 5. Examples of tool selection and remarks 
are delineated in Tables 4-2 and 4-3. The ref- 
erence codes in Tables 4-2 and 4-3 are keyed 
to the codes shown in Table 4-1. 

4-3.2.5  Step 4.0—Perform Task Analysis 

Fault isolation flows, such as the one 
shown in Fig. 4-5, were developed to various 
levels of detail during the program phases. 
These flows, which were developed to assist in 
the overall task analysis, also formed unique 
baseline material for development of the tech- 
nical manuals. In Fig. 4-5, the number 34 (ap- 
pearing outside the various blocks) indicates a 
change in maintenance levels from organiza- 
tional to field. 

Due to the detail of the flows, the 
identification of support resource and design re- 
quirements was rapidly accomplished. For ex- 
ample, Fig. 4-5 shows actions to be taken from 
the time the voltmeters do not indicate voltage 
with the engine running until corrective main- 
tenance is accomplished. From this diagram, 
the following requirements for maintenance 
resources and actions were determined: 

a* Test equipment: multimeter for continu- 
ity test 

b. Maintenance action: replacement loca- 
tions for DC generator, batteries, switches, 
relays, and wiring harness 

c. Stock location: relays A16A2K7 and 
A16A2K18 at organizational level 

d. Technical publications: requirement for 
an operator and organizational maintenance 
manual and a direct and general support main- 
tenance manual to include removal and replace- 
ment procedures for items identified in flow 

e. Skill data: basic electrical and mechan- 
ical skills required 

/ Design features: voltmeter on control 
panel for monitoring voltage. 

4-3.2.6   Step 5.0—Review/Consolidate 
Requirements 

To avoid duplication in the maintenance 
resource identification, requirements resulting 
from each of the individual task analyses were 
reviewed and consolidated (or summarized) to 
the group level and then to the end item level. 

4-3.2.7   Step 6.0—Identify/Resolve Problems 

The task analysis flows provided the detail 
necessary to identify problems in the basic 
maintenance philosophy, system requirements, 
and previously identified support resources. 
These problems were resolved. 

4-3.2.8   Step 7.0-Initiate/Update Maintenance 
Data System 

The total maintenance analysis was an 
iterative process throughout the development of 
the equipment. Initiation or update of the main- 
tenance analysis data system was generated 
from various sources of information-primarily 
from the task analysis and maintenance engi- 
neering analysis process. This primary effort 
was supplemented by various other activities. 
In reference to the power station, the following 
additional sources were used in the overall pro- 
cess: 

a Design Guidelines. Supplementing the 
contract specifications, design guidelines were 
prepared and issued to each engineer. These 
were specific, detailed requirements based on 
an allotted time to achieve the proper access 
and removal of each component and assembly 
within the power station. Of these require- 
ments, 95 percent were met during the design 
program. 

b. Mock-up. A full-scale wooden and foam 
mock-up was constructed and used for design 
reviews and for testing various detailed con- 
cepts before documentation. The mock-up 
proved very effective and enabled the design 
engineers virtually to eliminate post-release de- 
sign changes. 

c. Time Line Analysis. An analysis of the 
time required for each maintenance action was 
prepared and continually revised throughout the 
redesign program to reflect the hardware con- 
figuration. This analysis and the functional flow 
diagrams were used for continual refinement 
of predictions and for preparation of training 
aids and support documentation. 
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TABLE 4-2.  SPECIAL TOOL AND SPECIAL TEST EQUIPMENT REQUIREMENTS 

REFEREHCE >1AINTENAMCS TOOL 

CODE CATEGORY NOMENCLATURE NUMBER 

1-B F :able Resistance Test Set 11039161 
F Dummy Connector (DC power on) 11054408-9 
F Slectronic Voltmeter 5625-072-4303 
F Igniter Circuit Tester, Model 

101-5BF 
4935-712-0205 

F Load Bank, Sun Electric 
Model GLB-3A, Modified 

«IS17523/1-1 

F Multimeter, AN/URM-105 6625-999-6282 
F Oscilloscope 6625-880-1930 

1-D 0 Shop Equipment, Organizational 
Repair, Light Truck Mounted 

4940-294-9516 

1-H O Multiple-leg Sling 11025262 

1-1 F Contact Team Tool Kit; Pershing 
Missile System 

4935-782-1315 

F Digital Repairman Tool Kit; Pershing 
Missile System 

4935-782-1314 

F Dummy Connector (top cover inter- 
lock) 

11053122-9 

F Electrical Shop Tool Kit; Pershing 
Missile System 

4935-782-1313 

0 Firing Position Tool Set; Pershing 
Missile System 

5180-935-4688 

0 Hose Assembly NAS1690-04-29R4 
F Mechanical Shop Tool Kit; Pershing 

Missile System 
4935-782-1312 

0 Multiple-leg Sling 11025262 
0 Pressure Gage-Range 0-5,000 psi 6685-840-3747 
0 Reducer 4730-510-7194 
F Shop Equipment, Contact Maintenance, 

Truck Mounted 
4940-294-9518 

0 Shop Equipment, Electronic Repair, 
Sami-trailer Mounted 

4940-294-9542 

2-B F Test Set, Pneumatic System 
Components XM83 (See Section 11, 
Part II for maintenance 
functions) 

1450-005-4877 

3-B H Load Bank 6115-964-1091 
or equiv. 

4-B F Dummy Connector (DCpower on) 11054408-9 
F Load Bank, Sun Electric Model 

GLB-3A Modified 
MIS17523/1-1 

4-H F Switch, SPDT, Momentary, 20 A 5930-655-1521 
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TABLE4-3.  SPECIAL INSTRUCTIONS 

REFERENCE 
CODE REMARKS 

A-A 

A-H 

B-H 

C-I 

D-H 

D-I 

E-H 

E-I 

F-G 

F-H 

F-I 

G-I 

H-H 

Visual   Inspection. 

Attaching hardware supplied with switch. 

CAUTION: Wear gloves while handling Fiberglas condenser. 
Avoid stretching condenser out of shape or breaking glass 
fibers. 

Field repair  limited to removing minor dents in ducts and 
repair of minor cracks by welding. 

Use  thin  film  of grease   MIL-G-23827   to  lubricate   spline 
before  installation. 

Field repair  limited to replacement  of main cover,  terminal 
boards,   capacitor,   air inlet,  brushes,  and associated at- 
taching hardware. 

Prior to installation of generator,   flash shunt field in 
accordance with prescribed procedures.     Use thin  film of   i 
grease MIL-G-23827   to  lubricate  spline before  installation. 

Field repair  limited to replacement of terminal blocks, 
brushes,   and brush springs. 

When installing new compressor,   use  spline coupling from 
old compressor;   and remove shipping plug and install oil 
dipstick tube and attaching parts  from old compressor. 
Compressor is shipped with plug,   P/N   1854-3700 installed 
over reducer,   P/N MS21916-6^k   remove this plug  and all 
shipping plugs  and install  existing lines and hardware. 

Use thin  film of grease MIL-G-23827 tolubricate spline   before 
installing compressor. 

The  3rd stage relief valve cannot be removed until  4th stage 
head is removed   (a depot function). 

Repair  limited to straightening and rewelding as required. 

If any part of harness assembly,  overtemperature cable as- 
sembly or lead and sensor assembly is damaged, replace com- 
plete assembly. 

d. Trade-offs. Trade-off studies were con- 
ducted to evaluate design alternatives at each, 
design level. The results of these studies en- 
abled the selection of optimum design charac- 
teristics in terms of life cycle costs and ease 
of maintenance. 

e. Design Reviews. Design reviews of the 
concept, design, and prototype phases were con- 
ducted to  evaluate design progress  toward 

fulfillment of the contract requirements. During 
these reviews, which were conducted by man- 
agement and staff personnel, each segment of 
design was examined thoroughly to evaluate its 
impact on maintenance of the unit. 

/ Maintainability  Demonstration.   A 
maintainability demonstration was conducted. 
The 50 randomly selected maintenance tasks 
were performed in an overall mean corrective 
maintenance time of 2.1 hr, in contrast to 8.6 
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hr for the original unit and an objective of 3.8 
hr for the redesigned unit. Additional benefits 
of the redesign program included an increase 
in the percentage of power station malfunctions 
that could be fixed without removing the unit 
from its trailer-mounted position of 41 percent, 
in contrast to 3 percent for the original unit 
and an objective of 28 percent for the redesign- 
ed unit. In addition, the overall MTBF of the 
power station was quadrupled, from 15 hr for 
the original design to a predicted 65 hr for the 
redesigned unit. Technical publications were 
used in the demonstration. These publications 
incorporated the functional flow diagrams de- 
veloped for the task analysis process. The sys- 
tem was supported in accordance with the 
resources identified during this process. 

4-3.2.9 Application to Other Materiel 

The model may be used in developing the 
maintenance concept and maintenance resource 
requirements for any type of Army *materiel. 
Constraints such as operational requirements 
and Army policy regarding maintenance levels 
for a particular type of materiel enter the model 
at step 2 and appropriately modify subsequent 
steps. For example, Army policy dictates that, 
whenever practicable for aircraft maintenance, 
a single level of support or field maintenance 
will be established between the organizational 
and depot levels. Therefore, application of the 
model to aircraft maintenance will produce a 
three-level maintenance structure with optimiz- 
ed maintenance activities for each of the three 
levels. Similar Army guidance exists for all 
types of Army materiel (Ref. 5), and the model 
user must be guided by this policy. 

4-4 MAINTENANCE SCHEDULES 

Maintenance schedules are used to in- 
tegrate, coordinate, and control the accom- 
plishment of corrective and preventive main- 
tenance at all maintenance levels. The schedules 
specify when and by whom maintenance will 
be performed, and designate, when applicable, 
the source of required materiel and material. 
Sometimes, materiel is out of action awaiting 
maintenance, and sometimes it must be re- 
moved from action to permit maintenance. It 
follows that operational schedules and mainte- 
nance schedules must be coordinated closely. It 
should be noted that deferment of maintenance 

to obtain an immediate increased operational 
capability should only be used in combat, and 
even then as a last resort. 

It is universally accepted that preventive 
maintenance is scheduled maintenance, and 
that corrective maintenance is scheduled at the 
field and depot levels. It sometimes is forgotten 
that much of the corrective maintenance at the 
organizational level also is scheduled. The 
amount to be scheduled depends upon the main- 
tenance concept of the materiel in question. For 
example, if an item of materiel with built-in 
test equipment, modular construction, and on- 
board repair part modules fails, unscheduled 
corrective maintenance is probably performed. 
On the other hand, if the failure cannot be 
isolated by use of the built-in test equipment, 
scheduled corrective maintenance is required. 
Normally, if corrective maintenance cannot be 
accomplished at the operator level, it must be 
scheduled, because organizational maintenance 
personnel have a backlog of work, and priorities 
must be established. It may be seen that for 
precision, maintenance should be categorized as 
preventive and corrective rather than scheduled 
and unscheduled. 

4-4.1   MAINTENANCE PLAN 

The maintenance plan is a document that 
describes the requirements and tasks to be ac- 
complished for achieving, restoring, or main- 
taining the operational capability of materiel. 
The maintenance plan is published early in a 
materiel program and is updated periodically 
thereafter. It includes each maintenance signifi- 
cant item in either new or off-the-shelf 
materiel. The maintenance plan, based on the 
materiel maintenance concept, defines the 
maintenance resources required and establishes 
their available-for-issue dates, in addition to 
allocating the tasks to the appropriate main- 
tenance levels; i.e., organizational, field, or 
depot. The plan includes the target operational 
readiness date and specific requirements for 
personnel, technical publications, facilities, re- 
pair parts, special tools, test and support equip- 
ment, technical assistance, and related main- 
tenance materials to be used for maintenance 
support. 

The system operational readiness date is 
the focal point in scheduling the availability 
of these resources.   All initiation of activities 
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or procurement required for maintenance sup- 
port is scheduled to occur in a time frame pre- 
ceding this date. While the time span for ob- 
taining the resources must allow a reasonable 
time for contingencies, it should not be such 
as to induce unwarranted potential for obso- 
lescence or extensive modification of the 
resource before its use is required. 

The maintenance plan provides guidance 
to all of the organizational elements involved 
in maintenance and support of the materiel. In 
the process of developing the maintenance re- 
quirements, allocations, and schedules, mainte- 
nance engineering'uses experience gained with 
the same or similar previously' deployed 
materiel to its full advantage. Maintenance op- 
erations to be performed on any item of 
materiel are assigned to specific maintenance 
levels in accordance with the following: 

a. The primary mission, character, and 
mobility of the materiel involved 

b. The economical distribution of funds, 
skills, technical supervisors, tools, shop equip- 
ment, repair parts, materials, etc. 

c. The time available for performing the 
work. 

These operations vary from simple pre- 
ventive maintenance services performed by the 
personnel who are using the equipment, to com- 
plex repair and rebuild techniques practiced at 
depot maintenance shops. 

From the allocation of maintenance re- 
sponsibilities, affected organizations develop 
progressively more detailed schedules for main- 
tenance of each maintenance significant item 
in order to control the accomplishment of all 
known tasks in accordance with established pri- 
orities. These schedules can be relatively firm 
for preventive maintenance activities accom- 
plished on a periodic basis, needing adjustment 
only for variations caused by operational re- 
quirements and immediate workloads. Correc- 
tive maintenance schedules must be developed 
on the basis of reliability data, actual or 
estimated, with anticipated failures prorated 
over a period of time on the basis of the best 
judgment of materiel maintenance specialists 
and previous experience. The schedules for or- 
ganizational level maintenance primarily will 
concern preventive maintenance and corrective 

maintenance resulting from periodic 
tests/inspections and operational failures. Field 
level maintenance schedules are a combination 

. of preventive maintenance beyond the capabil- 
ity of the organizational level maintenance per- 
sonnel, and corrective maintenance by repair 
of designated items. Depot level maintenance 
schedules primarily are concerned with correc- 
tive maintenance by repair of failed items, 
although overhaul of items removed because of 
life limitations may be considered preventive. 

4-4.2   INTEGRATION OF OPERATIONS AND 
MAINTENANCE 

Organizational, direct, and general support 
level maintenance activities may impact signifi- 
cantly the tactical capability of an Army field 
unit. This is particularly true in the case of 
fixed installations such as missile sites and 
radar sites. The impact may be to varying de- 
grees as follows: 

a. The unit is placed in an inoperative con- 
dition during the entire time that the main- 
tenance activity is being performed. 

b. Unit operations are interrupted for a 
brief period while the maintenance activity is 
being performed. 

c. The unit must operate in a degraded 
performance mode. 

d. Unit performance levels are normal, but 
a specific capability is not available. 

Since a specified unit operational readiness 
level must be maintained and periodically dem- 
onstrated, and the purpose of a maintenance 
system is to meet operational requirements with 
minimum loss of time due to repairs, scheduling 
of operations and maintenance activities must 
be integrated. This necessitates a scheduling 
and workload control function within the field 
unit which will provide for management of all 
the unit's resources in performing those activ- 
ities required to satisfy the unit's mission re- 
quirements. This management is accomplished 
through centralized scheduling of all mainte- 
nance and maintenance related activities that 
directly impact the unit's tactical capabilities. 

Conditions that result in the unit being 
in a status below full tactical capability require 
control to the fullest extent. In order to relieve 
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such conditions, the following controls are in- 
stituted: 

a. The scheduling and workload control 
element is made totally responsible for sched- 
uling necessary maintenance activities and in- 
tegrating them with the unit's operational 
schedule. 

b. The schedule must be approved by the 
unit commander. 

c. The approved schedule is directive upon 
all affected maintenance and support organi- 
zations. 

d. Deviations from the schedule are limited 
to only those required as a result of failures 
within critical equipment, or to those resulting 
from a change in the unit's tactical status re- 
quiring an increase in operational readiness 
level. 

Other maintenance activities, consisting of 
tasks which do not impact directly the imme- 
diate tactical capability of the field unit and 
which can be performed simultaneously with 
the execution of tactical requirements, are per- 
formed under relaxed control. The detailed 
scheduling, implementation, and execution of 
these maintenance activities are the respon- 
sibility of the affected maintenance organiza- 
tion. However, these schedules are established 
so as not to conflict with operational require- 
ments and are coordinated with the scheduling 
and workload control element. Examples of this 
type maintenance activity are: 

a. Preventive maintenance tasks to be per- 
formed on a specific piece of equipment that 
is either redundant or in standby status 

b. System tests that can be performed by 
the use of redundant equipment 

c. Incorporation of field modifications on 
redundant or inactive equipment. 

Normally, the unit's scheduling and work- 
load element schedule these maintenance activ- 
ities to" be accomplished within a given time 
span, with the maintenance area given the pre- 
rogative of establishing the specific date that 
permits the most effective use of its assigned 
resources. 

The complexity of the scheduling task can 
be illustrated best by a brief review of typical 
activities  which  require  maintenance  support 

and which  must be  considered  in  scheduling 
maintenance activities. 

a. Operational Requirements. These re- 
quirements provide the basis upon which the 
field unit develops its operational schedule. In 
addition to the fundamental,.mission,there are 
equally demanding requirements to exercise the 
system and establish that its mission can be 
fulfilled under varying conditions; e.g., techni- 
cal proficiency inspections and unit training ex- 
ercises of various magnitudes and duration. 
These requirements are consolidated into a mas- 
ter operational schedule by the scheduling and 
workload control element. As maintenance tasks 
are defined, they are incorporated into the mas- 
ter schedule, which is revised as necessary to 
avoid conflicts and promote efficient use of the 
unit's resources. 

b. Corrective Maintenance. This mainte- 
nance is performed to restore materiel to a sat- 
isfactory condition by correcting a malfunction 
that has caused materiel performance to fall 
below a specified level. 

c. Preventive Maintenance. This mainte- 
nance comprises systematic inspection, detec- 
tion, and correction of incipient failures in 
materiel before they occur, or before they de- 
velop into major defects. Since the basic 
purpose of a preventive maintenance program 
is to reduce equipment failures, the scheduling 
and workload control element schedules, coor- 
dinates, monitors, and controls the program for 
all of the materiel assigned to the field unit. 
Usually, the magnitude of the preventive main- 
tenance activity, at both the system lev- 
el-which directly affects the field unit's ability 
to support tactical requirements-and at the 
item level is so great that it is imperative that 
preventive maintenance be closely controlled 
and monitored to verify that all requirements 
are executed in a timely manner. Additionally, 
preventive maintenance schedules first are es- 
tablished as a result of historical data and en- 
gineering judgment. A thorough and continuing 
analysis of preventive maintenance reports may 
reveal that periods between maintenance can 
be lengthened, or that maintenance can be 
eliminated. 

d. Limited Life  Component Replacement. 
This maintenance  is governed  by  the  basic 
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interfaces, constraints, and controls applicable 
to preventive maintenance. 

e. Calibration. The calibration of test, 
measurement, and diagnostic equipment and 
the periodic proof-loading of handling equip- 
ment pose a particular scheduling problem 
when materiel must be removed from a ready 
status in order to perform the maintenance. 

/ Field Modification Programs. Some 
modification programs are quite time- 
consuming and severely impact materiel avail- 
ability. 

g. Product Assurance Tests. These tests 
are conducted to determine the effects of ex- 
posure and aging under deployed conditions. 
The tests may involve removal and replacement 
of elements of a deployed system for laboratory 
analysis at a facility remote from the field unit. 

h. Training. New personnel training, cross- 
training, and individual proficiency training 
may be required. Any training periods or ac- 
tivities requiring on-equipment instruction must 
be scheduled so as not to interfere with the 
activities contained in the unit's master oper- 
ational schedule. 

The unit's operational and maintenance 
schedule presents all activities to be performed 
in a given time period that impact its capability 
to satisfy operational requirements. The dura- 
tion of the time period will depend upon the 
complexity of the situation. A complex situation 
will be assumed in which a combined direct 
and general support unit is in residence at a 
missile site. The principles advanced may be 
tailored to fit any situation. 

For the assumed situation, operational and 
maintenance schedules are prepared to provide 
long-range, intermediate, and daily visibility. In 
general, a master schedule would be prepared 
to cover a 1-yr period, with subschedules pre- 
pared for current bimonthly, weekly, and daily 
periods. These schedules must have the con- 
currence of the unit's operational and mainte- 
nance commands, as well as that of the 
maintenance-support organizations. 

The weekly and daily schedules are up- 
dated and modified on a day-to-day basis to 
reflect the specific requirements and limitations 
under which the unit is operating. Since the 
longer range schedules are primarily guides for 

succeeding equivalent periods, they are not up- 
dated during the operating period covered. The 
bimonthly schedule shows each task to be per- 
formed during that interval, identified by type 
of activity, and placed in the approximate time 
period during which it will be performed; i.e.," 
the day(s) on which the requirement must be 
accomplished. A brief description of each ac- 
tivity, including an indication of the priority 
to be assigned, accompanies each schedule form. 
Since the purpose of the bimonthly schedule 
is to provide a planning base for future ac- 
tivities, it is revised only on a monthly basis. 

The weekly schedule provides a further 
refinement in time period allocations for each 
activity. This form of schedule is used primarily 
as the initial basis for adjusting the daily sched- 
ules due to changes in requirements, deferment 
of activities that were not accomplished, and 
extensive activities that were not completed in 
the allotted time frame. Individual weekly 
schedules are firmed up on the last working 
day of the preceding week. These schedules are 
accompanied by a task-by-task description, with 
each description related to an activity number 
noted on the schedule. 

The daily schedule identifies the specific 
time at which each task activity is to begin 
and the total time allocated for accom- 
plishment. A description of each schedule task 
is attached to the schedule. The description in- 
cludes the following types of information: brief 
descriptive sentence; subsystem(s) that must 
support the task/activity; and the priority plac- 
ed on the task/activity. In order to develop an 
effective schedule, the following information is 
required: 

a. The specific equipment involved in the 
task 

b. The specific time period during which 
the task must be performed, and an alternate 
period, if the activity permits 

C The total time required to perform the 
task 

d. Indication of the impact on the subsys- 
tem 

e. The impact on field unit operations 

f. The impact if the task is not performed 
during the period originally specified 
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g. Support required from subsys- 
tems/activities not directly involved in the task. 

Prior to issuance, the schedule must be 
reviewed to determine that: 

a. All known requirements for the period 
covered have been included 

b. Maximum simultaneous scheduling of 
tasks has been considered to minimize equip- 
ment downtime or degraded time 

c. Satisfactory time allotments have been 
established to insure that subsequent activities 
can be accomplished as scheduled 

d. Additional requirements that may have 
been generated subsequent to initial devel- 
opment of the schedule have been incorporated. 

The schedules, particularly those for the 
daily and weekly periods, must take into ac- 
count the inability of any maintenance orga- 
nization to anticipate all tasks, especially those 
of an emergency nature. Consequently, sched- 
ules should not assign 100 percent of the time 
available to specific tasks, but should leave a 
portion of the time for quick assignment to 
emergency jobs or other priority tasks not an- 
ticipated at the time of scheduling. In other 
words, the schedule must have some .flexibility. 
When the schedule is revised, any tasks not 
completed in the assigned period must be car- 
ried over into the succeeding schedule. 

After the schedule is reviewed and ap- 
proved by the affected operational and main- 
tenance organizations, it is issued as the unit 
commander's direction and authorization to ac- 
complish the tasks as scheduled. 

4-5 MAINTENANCE ORGANIZATIONS 
(Ref. 5) 

The Army materiel maintenance function 
is a component of the materiel division of the 
Army Logistic System. Therefore, the Army 
maintenance structure parallels the overall 
Army logistic structure. It encompasses the 
materiel maintenance organization and activi- 
ties of the three major segments of the Army 
Logistic System. These are the Army Wholesale 
Logistic System, the Army in the Field Logistic 
System, and the CONUS Installation Logistic 
System. 

Army wholesale materiel maintenance ac- 
tivities include depot maintenance and National 
Maintenance Points. CONUS materiel mainte- 
nance activities generally are those services pro- 
vided to installed operating equipment and 
units, other than deployable units, assigned to 
or as satellites to CONUS installations. Army 
in the field materiel maintenance activities gen- 
erally are concerned with the maintenance op- 
erations of the organizational, direct support, 
and general support maintenance levels. This 
discussion will be limited to Army in the field 
materiel maintenance activities and depot main- 
tenance. 

4-5.1   ARMY IN THE FIELD MATERIEL 
MAINTENANCE 

The materiel maintenance activities of the 
Army in the field are those internal to theaters 
of operations and/or performed by and. in sup- 
port of the missions of commands and activities 
deployed in oversea areas or deployable com- 
mands and activities in CONUS. Army in the 
field maintenance activities sustain the oper- 
ational readiness of the force. They activate and 
operate the Army in the field portion of the 
maintenance support system, in accordance 
with the plans and equipment publications pre- 
pared by National Maintenance Points, to main- 
tain in a serviceable condition sufficient 
materiel to satisfy prescribed operational re- 
quirements. 

4-5.2   ORGANIZATIONALMAINTENANCE 

Each combat, combat support, and combat 
service support activity is authorized an organic 
materiel maintenance element (i.e., 
crew/operator and maintenance personnel) to 
perform authorized organizational maintenance 
operations on equipment assigned to or used 
by it to accomplish its mission. 

Normally, maintenance at this level con- 
sists of inspecting, cleaning, servicing, pre- 
serving, adjusting, and relatively simple repairs 
accomplished by removal and replacement of 
components. 

For some equipment (e.g., selected items 
of medical materiel), all authorized maintenance 
operations are allocated to the organizational 
maintenance category. Also, certain using units 
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and other activities, because of the design char- 
acteristics or limited distribution of their prin- 
cipal items of equipment, or operational re- 
quirements, are authorized an organic capabil- 
ity to perform maintenance operations on all 
or selected items of their organic equipment 
which normally would be allocated to the sup- 
port maintenance levels. 

4-5.3   SUPPORT MAINTENANCE 

Combat service support units are author- 
ized in the Army force structure to provide di- 
rect support and general support maintenance 
service to the Army in the field. To the max- 
imum extent practicable, these units are func- 
tionalized; i.e., organized to perform specialized 
maintenance tasks on equipment of several 
commodity groupings. 

Within each major level of command, sup- 
port maintenance units normally are assigned 
to a support element whose commander has 
been delegated responsibility for operation of 
the logistic support structure of the command. 
Logistic control or materiel management 
centers, including or supported by automatic 
data processing facilities, established within ap- 
propriate staff sections of these elements or as 
separate entities, assist these commanders in 
management of their support maintenance op- 
erations. 

4-5.3.1   Direct Support Maintenance 

Direct support maintenance operations are 
performed on equipment in the direct support 
unit area, or, when practical and cost-effective, 
at the equipment use location. Normal main- 
tenance activities include the following: repair 
of assemblies and modules by simple piece part 
removal and' replacement; operation of a direct 
exchange facility for modules; pollution control 
system maintenance on internal combustion en- 
gines; light structural repairs; and alignment, 
calibration, and evacuation of unserviceable 
materiel whose repair is beyond the unit's au- 
thorized capability or capacity to parallel or 
higher maintenance levels, as appropriate. 

Direct support units make judicious use of 
highly mobile contact teams. One-stop service, 
to the extent practical, is the goal of direct 
support maintenance. In furtherance of this 
goal, units serve as the supply system outlet 
for repair parts required by the using units to 

perform authorized organizational maintenance 
tasks. They also maintain operational readiness 
float stocks to assist in maintaining the req- 
uisite degree of materiel readiness in supported 
units, and serve as the primary reentry point 
for unserviceable repairable equipment to the 
local area; e.g., theater supply system. Un- 
serviceable items usually are not held at direct 
support maintenance unit locations if they are 
not to be repaired and returned to the user 
or to direct exchange stock. Evacuation or dis- 
position instructions for items that are not eco- 
nomically repairable at the direct support level 
normally are provided by the appropriate 
logistic control or materiel management center. 

4-5.3.2  General Support Maintenance 

General support maintenance operations 
primarily are aimed at the repair of end items 
or modules for return to the local area or the- 
ater stocks or in support of the direct exchange 
program. General support units accomplish 
maintenance similar to that performed by direct 
support units, as well as more complex main- 
tenance. For example, general support units 
have greater module and structural repair 
capabilities. General support units also collect, 
classify, and dispose of certain classes of un- 
serviceable or abandoned materiel, operate au- 
thorized cannibalization points to augment sup- 
ply stocks, and evacuate materiel to designated 
depot maintenance facilities. Normally, general 

support units operate in shops and are consid- 
ered movable but not mobile. 

Items evacuated from direct support units 
comprise the greater portion of the general sup- 
port workload. Unserviceable repairable assets 
are accumulated at general support mainte- 
nance units, pending a repair program sched- 
uled by materiel managers at the appropriate 
command level in response to the needs of the 
supply system and direct exchange program and 
in accordance with the availability of the req- 
uisite repair parts and other maintenance 
resources. 

4-5.3.3  Fieldand IntermediateSupport 
Maintenance 

In some cases, the maintenance and supply 
capabilities of direct and general support units 
are combined and made the responsibility of 
a single unit. The single unit is called either 
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field support or intermediate support by the 
Army, and intermediate support by the other 
services. 

4-5.4   DEPOT MAINTENANCE 

Depot maintenance operations support the 
overall Army inventory management program. 
They are used as an alternative or a supplement 
to new procurement as a source of serviceable 
assets to meet Army materiel requirements. 
Programs in support of the Army in the field 
are controlled by national level materiel man- 
agers. Oversea commanders assigned depot 
maintenance missions participate in the 
formulation of depot maintenance programs for 
which they are assigned responsibility for ex- 
ecuting. Approved depot maintenance programs 
are executed by designated Army arsenals and 
depot maintenance facilities, by agreement with 
other military services, and by contractual ar- 
rangements with commercial firms. 

Depot maintenance normally consists of 
materiel overhaul, repairs that exceed the capa- 
bility of the field army, complex inspections, 
modifications, and fabrication of items and 
parts not in the supply system when such fabri- 
cation is cost-effective. 

4-6 SUPPORT PLANNING 

The end product of support planning is a 
maintenance plan that defines the actions and 
supporting resources required to maintain 
materiel in its prescribed state of operational 
readiness. The operational readiness require- 
ment is of paramount importance, and must 
be satisfied. After its satisfaction, materiel life 
cycle costs are of primary importance. There- 
fore, the purpose of support planning is to de- 
velop a maintenance plan that will permit 
deployed materiel to satisfy operational require- 
ments at lowest life cycle cost. 

Support planning is initiated at the start 
of a materiel acquisition or modification pro- 
gram, and continues throughout the materiel 
life cycle. The magnitude, scope, and level of 
detail of the planning effort are tailored to meet 
the specific situation. The following factors are 
considered in tailoring the planning for materiel 
acquisition programs (Ref. 5): 

a. Intended use (experimental or oper- 
ational) 

b. Mission essentiality 

c. Quantity to be procured and method of 
acquisition 

d. Complexity 

e. Initial deployment date and anticipated 
service life 

/ Estimated annual and life cycle costs 

g- Availability and suitability of existing 
resources for materiel support. 

With due consideration for the foregoing 
factors, maintenance engineering conducts or 
insures that a contractor conducts planning to 
include: 

a. Defining the maintenance tasks to be 
performed to include: 

(1) Developing maintenance standards 
and associated man-hours, skills, and other 
resource requirements for the performance of 
each task 

(2) Prescribing or forecasting the fre- 
quency of performance of each task 

b. Establishing maintenance technical 
training criteria necessary to assure the avail- 
ability of the required level of technical com- 
petence to maintain the materiel 

c. Designing the maintenance support 
structure required for the performance of the 
maintenance tasks defined, to include: 

(1) Determining the levels of mainte- 
nance to be used in support of the materiel 

(2) Allocating the required mainte- 
nance tasks among these levels 

(3) Determining the skills, manpower, 
and technical requirements for maintenance fa- 
cilities, tooling, test, measurement, and diag- 
nostic equipment, and other support equipment 
at each category 

(4) Selecting and allocating repair 
parts to the various levels to which mainte- 
nance tasks have been allocated. This includes 
establishing or obtaining through command 
channels, as part of the initial provisioning pro- 
cess, final decisions on the coding of repair 
parts and other support equipment with respect 
to source, maintenance level, recoverability, and 
essentiality. 

d. Insuring that maintenance float factors 
or quantitative  requirements  are established, 
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when applicable, and that these factors and re- 
quirements are compatible with the planned op- 
erational environment and readiness require- 
ments of the materiel. 

Two tools of maintenance planning are re- 
pair level analysis and maintenance allocation 
charts. The culmination of support planning is 
to determine the total resources required for 
preventive and corrective maintenance. These 
subjects are discussed in the paragraphs that 
follow. 

4-6.1   REPAIR LEVEL ANALYSIS 

Maintenance and repair level decisions are 
made on the basis of a detailed review of the 
operational requirements of the system, the 
technical characteristics of materiel design, and 
the economics of support. It is an iterative pro- 
cess conducted throughout the conceptual, de- 
velopment, and production phases. A tentative 
maintenance allocation is necessary early in the 
program life cycle to analyze adequately the 
impact of preliminary design decisions. Con- 
straints imposed by operational requirements 
may dictate the repair level decisions for cer- 
tain items on the basis of mobility require- 
ments, availability of resources, etc. Other 
decisions are made on the basis of optimum 
logistic cost effectiveness and operational capa- 
bility. The general decision process must allow 
rapid identification of those tasks which can 
be allocated immediately and those which re- 
quire more detailed analysis. 

A systematic screening process must be es- 
tablished to eliminate the obvious discard-at- 
.failure items first, and then analyze the remain- 
ing items at increasing levels of detail until 
each item maintenance and repair level is 
allocated. The first step in the screening process 
determines those item repair tasks which are 
not feasible due to technical or economic rea- 
sons, and assigns a disposable code to the items. 
The next step assigns those item repair tasks 
which are definitely depot or definitely field lev- 
el in nature for obvious technical and economic 
reasons. Allocation of the remainder can be ac- 
complished by comparison of the cost of repair 
at the depot and intermediate levels and the 

cost of discard   at those  levels, basing the 
decision on lowest life cycle cost. 

Since a materiel support plan should be 
completely compatible with the Army logistic 
system, the considerations that follow should 
govern the assignment of repair levels. Normal- 
ly, repair of an item should not be assigned 
to depot maintenance unless: 

a. The repair is a part of a rebuild or over- 
haul effort. 

b. The required repair is to tolerances 
beyond the capability of lower level mainte- 
nance facilities. 

c. The repair requires shop facilities with 
environmental controls not available at lower 
echelons. 

d. The repair constitutes the most cost- 
effective method of repair. 

When repair responsibility is allocated to 
the general support maintenance level, care 
must be exercised to insure that properly skilled 
personnel and necessary test equipment are 
available within the units assigned that respon- 
sibility. In the allocation of repair respon- 
sibilities to maintenance levels below general, 
support, maintenance engineering must assure 
that such repairs are limited to those which: 

a. Are possible without the need of com- 
plicated tools and procedures 

b. Require only easily operated test, meas- 
urement, and diagnostic equipment 

c. Do not require complex or critical ad- 
justments or system alignment after accom- 
plishment. 

The foregoing categories of repairs requir- 
ing adjustment ,or system alignment after ac- 
complishment are deserving of additional com- 
ment. For repairs by replacement, normal de- 
sign policy dictates -that the requirement for 
adjustment or system alignment following 
substitution of replacement items for defective 
items be minimized. In those instances when 
it is known that adjustment or alignment is 
required following repair by replacement, the 
repair responsibility must be allocated to the 
maintenance level where the skills and test 
equipment are available to perform also the ad- 
justment and alignment functions required. 
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4-6.2   MAINTENANCE ALLOCATION CHARTS 

A maintenance allocation chart is a listing 
of maintenance operations applicable to a 
materiel item, with, an indication of the lowest 
maintenance level that can perform the oper- 
ations, a statement of the tools and test equip- 
ment required to perform the maintenance, and 
notes pertaining to its performance (Tables 4-1 
through 4-3). Basic portions of the maintenance 
allocation chart are established in the con- 
ceptual phase by the maintenance concept. The 
portions are refined and augmented as the 
materiel acquisition program progresses. The fi- 
nal document is based on either maintenance 
engineering analysis data or data from a sepa- 
rate document called the preliminary mainte- 
nance allocation chart. Preparation of the pre- 
liminary maintenance allocation chart is not 
initiated until the development phase. 

Due to the interdependence of maintenance 
resource requirements, decisions reflected in the 
maintenance allocation chart cannot be made 
until many other equally important decisions 
are made. Data for these other decisions, as 
well as for the final maintenance allocation 
chart decisions, are contained in the mainte- 
nance engineering analysis data system or the 
preliminary maintenance allocation chart. The 
broad range of source data required to make 
the final maintenance allocation chart decisions 
is, therefore, much more important to the sup- 
port planning process than the relatively lim- 
ited data that are contained in the maintenance 
allocation chart. 

The data in preliminary maintenance 
allocation charts differ slightly from mainte- 
nance engineering analysis system data. How- 
ever, the difference is not evident in a broad 
discussion of the contents and purpose of the 
two data sources. Therefore, the discussion that 
follows is generic in nature and may be con- 
sidered to reflect typical activities involved in 
developing either preliminary maintenance 
allocation chart or maintenance engineering 
analysis data to support maintenance allocation 
chart decisions. 

Before development of source data is ini- 
tiated, a maintenance concept is established as 
a result of trade-offs and analysis. The main- 
tenance concept specifies the maintenance to 
be performed at each maintenance level. Func- 

tional and task analyses then are performed. 
The functional analysis expands the mainte- 
nance concept, and includes determination of 
functions such as repair, replace, inspect, etc., 
to a quite detailed level. The task analysis is 
a detailed analysis that identifies all required 
maintenance tasks and actions. 

The task analysis, assuming that mainte- 
nance engineering successfully has influenced 
design, is probably the most important remain- 
ing maintenance engineering function to be ac- 
complished. It is definitely the most important 
insofar as support planning is concerned. This 
analysis provides baseline data for determina- 
tion of 

a. Maintenance procedures to return 
materiel to or sustain it in operating condition. 
These procedures are the basis for technical 
publications and train-ing requirements. 

b. Times required to perform corrective 
and preventive maintenance 

c. Tools, test equipment, consumables, and 
repair parts required for maintenance 

d. Operating and maintenance safety pre- 
cautions 

e. Required human factors studies 

/  Troubleshooting routines. 

Completion of the task analysis can result 
in modification of the maintenance concept or 
in a requirement for design changes. On the 
assumption of no changes, the maintenance task 
data are augmented with recoverability, essen- 
tiality, stockage, and failure rate data. The com- 
bined data provide the basis for identification 
and establishment of provisioning requirements. 

In summary, either the preliminary main- 
tenance allocation chart or maintenance engi- 
neering analysis data provide a great portion 
of the data required to plan the support of 
deployed materiel. The maintenance allocation 
chart data are more limited and therefore not 
as useful for planning. 

4-6.3   PREVENTIVE AND CORRECTIVE 
MAINTENANCE 

Both preventive and cprrective mainte- 
nance requirements are assigned by mainte- 
nance level while the maintenance allocation 
chart is being developed. These requirements 

4-34 



AMCP  70G-132 

include both the maintenance actions to be per- 
formed and the resources that are used to per- 
form the maintenance. The most significant dif- 
ference in planning support for these two types 
of maintenance derives from the fact that pre- 
ventive maintenance is accomplished on a pre- 
scribed schedule, whereas corrective mainte- 
nance is performed as the result of random fail- 
ures. 

In planning preventive maintenance, eco- 
nomical utilization of support resources usually 
can be realized, because the resources can be 
used on a production line basis. For example, 
it might be possible to calibrate 50 end items 
once a month with one set of calibration equip- 
ment, because the calibrations can be sched- 
uled. This assumes that operational require- 
ments can be satisfied with on6 item out for 
calibration and a certain number, based on 
reliability and maintainability predictions, out 
for corrective maintenance. 

Planning for corrective maintenance is not 
as precise as planning for preventive mainte- 
nance. Since corrective maintenance is techni- 
cally an unscheduled action based on failures 
that are random in nature, only an average 
workload can be calculated, manually without 
excessive expenditure of time. To circumvent 
this problem, dynamic simulation of materiel 
operation and maintenance over a period of 
time may be used. This tool permits the random 
application of failures and provides resulting 
downtime due to such factors as waiting for 
resources, preventive maintenance, corrective 
maintenance, and conflicting priorities. As a 
result, the planner is provided with data per- 
taining to peak workloads and resource utili- 
zation. Based on this information, corrective 
maintenance requirements can be planned more 
accurately and with less risk than is possible 
by manual application of average failure rates. 
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CHAPTER 5 
MAINTENANCE ENGINEERING ANALYSIS 

This chapter describes and discusses pre- 
liminary maintenance allocation charts, a typ- 
ical maintenance engineering analysis data sys- 
tem, and maintenance factors. 

5-1   INTRODUCTION (Ref. 1) 

Maintenance engineering analysis is the 
dynamic catalyst in an integrated support pro- 
gram. During the early stages of a materiel 
acquisition cycle, the data identified by main- 
tenance engineering analysis are general and 
parametric in nature. As the design progresses, 
and a product baseline is identified, support re- 
quirements are defined in increasing detail. 
Interactions between maintenance engineering 
and design engineering activities must be many, 
varied, and continuing, particularly in the early 
phases of a materiel acquisition program. 
Logistic feasibility studies are made con- 
currently and are correlated closely with tech- 
nical feasibility studies. A continual dialogue 
is maintained between the design engineer and 
maintenance engineering as an inherent part 
of system development. This relationship max- 
imizes possibilities for early identification of 
problems, thus forcing design versus support 
trade-off decisions before the design is finalized. 
Maintenance engineering analysis efforts during 
the conceptual, validation, and early devel- 
opment phases are of special importance, hav- 
ing the potential for major impacts on design, 
system supportability, and life cycle cost. 

Maintenance engineering analysis provides 
for specific consideration of operator as well 
as maintenance requirements, and injects sys- 
tem support criteria into the design process at 
an early point in the acquisition cycle. Program 
essentials are analysis and definition of qual- 
itative and quantitative support requirements, 
prediction of support costs in funds and other 
resources, and evaluations and trade-offs. 

The foregoing discussion pertains to main- 
tenance engineering analysis activities during 
materiel programs that involve design and de- 
velopment effort prior to production. Such pro- 
grams provide maintenance engineering with 
the opportunity first to place major emphasis 
upon influencing design for supportability and 

then to place major emphasis upon designing 
the optimum support subsystem for the final 
materiel design. When the Army procures off- 
the-shelf equipment, or slightly modified off- 
the-shelf equipment, maintenance engineering 
has little or no opportunity to influence design. 
However, this does not negate the value of the 
maintenance engineering analysis process in op- 
timizing a support subsystem for the equip- 
ment. All portions of the maintenance engineer- 
ing analysis process which are useful in identi- 
fying support resource requirements apply 
equally to newly developed and off-the-shelf 
equipment. The only significant difference in 
the two applications is that the analysis process 
is iterative with regard to newly developed 
materiel and is virtually a one-time activity 
with regard to off-the-shelf equipment. Main- 
tenance engineering analysis activities are docu- 
mented by means of logistic support analysis 
data sheets that are described in MIL-STD-1388. 

5-1.1   MAINTENANCE ENGINEERING ANALYSIS 
PROCESS 

A systematic, comprehensive maintenance 
engineering analysis program that includes con- 
sideration of the projected materiel operational 
environment is conducted on an iterative basis 
throughout the acquisition cycle. This mainte- 
nance engineering analysis is the single 
analytical logistic effort within the system en- 
gineering process, and is responsive to acquisi- 
tion program schedules and milestones. Main- 
tenance engineering analysis is a composite of 
systematic actions taken to identify, define, 
analyze, quantify, and process logistic support 
requirements. The analysis evolves as the de- 
velopment program progresses. The numbers 
and types of iterative analyses vary according 
to the program schedule and complexity. As 
maintenance engineering analysis evolves, 
records are maintained that provide the basis 
for logistic constraints, identification of design 
deficiencies, and identification and development 
of essential support resources. 

Initially, maintenance engineering analysis 
develops qualitative and quantitative logistic 
support objectives. As the program progresses, 
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these objectives are refined into design param- 
eters for use in design/cost/operational avail- 
ability/capability trade-offs, risk analyses, and 
development of support capabilities. The initial 
effort evaluates the effects of alternative hard- 
ware designs on support costs and operational 
readiness. Known scarcities, constraints, or 
logistic risks are identified, and methods for 
overcoming or minimizing these problems are 
developed. 

During design, analysis is oriented toward 
assisting the designer in incorporating logistic 
requirements into hardware design. The goal is 
to create optimum materiel that meets the spec- 
ification and is most cost-effective over its 
planned life cycle. Logistic deficiencies, iden- 
tified as the design evolves, become consid- 
erations in trade-off studies and analyses. 

Periodically, the design and the hardware 
are subjected to formal appraisals to verify sup- 
portability features, such as accessibility and 
compatibility of test equipment, as specified in 
the contract. As the program progresses, and 
designs become fixed, the maintenance engi- 
neering analysis process concentrates on pro- 
viding timely, valid data for all areas of sup- 
port; e.g., maintenance, provisioning, personnel 
and training, and technical publications. 

Detailed logistic support requirements are 
identified as the design of the end item becomes 
firmly established. The range and depth of 
analyses vary, depending upon the extent of 
materiel design definition and the goal of the 
analysis. Some analyses are highly iterative, 
while others are a one-time effort. Feedback 
and corrective action loops include controls to 
assure that deficiencies are corrected and docu- 
mented. Generally, detailed analysis of support 
requirements is concentrated on line replaceable 
units (LRU's), modules and major assem- 
blies/subassemblies, plus necessary tools, test 
and ground support equipment, etc. 

5-1.2  MAINTENANCE ENGINEERING ANALYSIS 
TASKS 

The flow diagram in Fig. 5-1 illustrates 
the overall maintenance engineering analysis 
process. The activities portrayed are highly 
iterative. Maintenance engineering analysis be- 
gins in the  conceptual phase  and continues 

throughout the materiel life cycle. Analysis 
tasks are shown on sheet 1 of Fig. 5-1. Sheet 
2 shows that the analysis output data are 
manipulated either automatically or manually 
to identify support resource requirements. The 
manipulation of the data and the resulting out- 
puts are discussed in par. 5-3. The maintenance 
engineering analysis tasks are: 

a. Historical Data Review. A review of 
historical data is accomplished to relate past 
experience to the logistic support requirements •> 
of the new acquisition. Historical data will be 
used in development and verification of 
reliability and maintainability estimates, in- 
cluding frequency and time for maintenance 
factors. This review will use supply, mainte- 
nance, and operational information from oper- 
ational systems, and other service or contractor 
information such as technical reports, combat 
records, and field exercises, as appropriate. One 
purpose of this review is to reveal trends in 
support concepts and indicate success/failure of 
these concepts on past or inventory sys- 
tems/equipments. Additionally, the review will 
consider: 

(l)High rate failure potential of sub- 
system, components, items, etc. 

(2) Major downtime contributors 
(3) Specific design features that will 

enhance logistic support 
(4) Potential logistic support problem 

areas 
(5) Design concepts with potential 

safety impact 
(6) Design characteristic versus sup- 

port cost 
(7) Gross requirements for logistic 

support resources, such as manpower, equip- 
ment, and facilities. 

These historical data establish a baseline 
value with respect to logistic support require- 
ments for new acquisitions and provide in- 
dications for special attention if significant 
departures from this baseline are noted. 
Likewise, such data may furnish insight to 
justify new approaches or significant departure 
from traditional concepts. Thus, historical data 
may provide a basis for planning changes such 
as reducing  or increasing  the  allocation  of 
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resources for maintenance, establishing differ- 
ent support procedures, reallocating mainte- 
nance workload among the different lev- 
els/categories of maintenance, or establishing 
different test and checkout procedures. 

b. Support Synthesis. Support synthesis 
provides an organized basis on which to conduct 
support modeling evaluation of the proposed 
support subsystem and the framework for other 
analysis tasks. Synthesis is defined as the put- 
ting together of parts or elements so as to form 
a whole, or the assembly of various support 
approaches into conceptual support subsystems. 
Initiative and creativity are applied to influence 
equipment design for maintainability and 
logistic support. The analyst considers a wide 
variety of maintenance and support parameters 
within the restraints imposed by operational re- 
quirements and cost-effectiveness. Since a func- 
tional model or procedure with quantification 
is useful on all except the most minor acquisi- 
tions, synthesis data elements should be 
selected appropriate to the modeling technique 
used and the outputs required for the specific 
materiel procurement. Three basic areas shall 
be considered in performing the synthesis: 

(l)Variables representing the sys- 
tem/equipment must meet the purpose of the 
investigation. 

(2) The scope of the representation 
must be adequate. 

(3) Care must be taken in the manner 
of describing the synthesized support system. 
Characteristics of each approach will be defined 
and quantified. 

c. Design Projections. Design projections 
are used as detailed design progresses to de- 
tailed definition of hardware. These projections 
are used to develop estimated cost factors, func- 
tional requirements identifications, main- 
tainability predictions, and other essential 
maintenance engineering analysis inputs, nec- 
essary for early synthesis/evaluation of the 
logistic support system. 

d. Logistic Design Appraisal. A logistic de- 
sign appraisal is an integrated part of program 
and design reviews held for the materiel. As 
a minimum, logistic design appraisals are con- 
ducted upon completion of conceptual design, 
prior to the release of design drawings for full- 
scale development, and upon completion of full- 

scale development. Informal support subsystem 
design appraisals are conducted at lower system 
indenture levels throughout full-scale devel- 
opment. The primary objective of the appraisal 
is to evaluate the projected design and, finally, 
the actual design upon completion of the full- 
scale development phase. Materiel design is 
reviewed for incorporation of support require- 
ments from early in the conceptual phase 
through full-scale development. Specifically, the 
design appraisal considers the following: 

(1) Logistic support for the total sys- 
tem 

(2) Physical configuration, including 
structural arrangement, installation, controls, 
displays, mounting, accessibility of subcompo- 
nents, and transportability 

(3) Maintainability considerations, 
such as standard versus special test equipment, 
online versus offline test equipment, component 
interchangeability, modularization, accessibility, 
criticality, standardization, and human factors 
engineering 

(4) Component reliability or malfunc- 
tion rate/mode of subassemblies. 

Subsequent to the support system design 
appraisal, a systematic followup is performed 
to insure incorporation of changes defined for 
logistic considerations. 

e. Trade-off Analysis. Trade-offs between 
support alternatives and equipment design pa- 
rameters are made to provide an economical 
support subsystem that best satisfies the sys- 
tem operational requirements. The rationale 
and results of all trade-offs made are provided 
as specified by the procuring activity. Trade-off 
analysis normally involves the following con- 
siderations: 

(l)The initial effort is directed toward 
identifying and listing these alternatives 
without consideration of the system model. 
Alternatives that are unacceptable are retained 
on a checklist but are omitted from in-depth 
consideration. 

(2) Following refinement of the list of 
factors bearing upon the trade-off analysis, the 
analyst formulates a model or manual proce- 
dure that simulates the interrelationship of 
these factors. This model or procedure is ex- 
amined against the total list of factors for pos- 
sible pertinent omissions. It is emphasized that 
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the validity of trade-off decisions is directly de- 
pendent upon the completeness and thorough- 
ness of the study. 

(3) The analytical model or procedure 
is then tested and the various factors weighted 
as to importance and sensitivity. Care is used 
to keep the relationships in proper perspective 
relative to their importance. 

(4) The analytical process follows mod- 
el (or procedure) testing and validation. The 
various alternatives and related parameters are 
examined throughout the full, reasonable range. 
The results, including the rationale for selection 
and rejection of alternatives, are recorded and 
documented. Final disposition of such documen- 
tation is as directed by the procuring activity. 
The primary objective of the documentation is 
to define parameter relationships for subse- 
quent iterations and model refinement. 

(5) The nature of trade-off models de- 
pends upon both the acquisition phase and the 
system complexity. Trade-offs early in the pro- 
gram would be interdisciplinary and broad in 
scope. Restraints are based upon the cost, de- 
livery schedule, and gross estimates of oper- 
ational capability and system concepts. As de- 
velopment progresses, the inputs become in- 
creasingly more specific in substance, with the 
outputs influencing a more limited number of 
related parameters. However, it is essential that 
any proposed change be tested for its impact 
on the total system. 

/ Cost Factors. Cost factors are prepared 
for use in the analytical trade-off process to 
provide the life cycle cost of development, pro- 
curement, operation, and support of 
proposed/selected alternatives. These should be 
based upon sufficient and adequate data, if 
available, from actual surveillance of oper- 
ational systems to maximize confidence. These 
factors may be measured in terms of manpow- 
er, equipment, facility space, and supplies, as 
well as in dollars. 

g. Time Factors. Time factors are iden- 
tified and determined for equipment operation, 
transportation, maintenance, and supply as an 
intrinsic part of all tasks of maintenance en- 
gineering analysis. These time factors are used 
to determine system downtime as a measure 
of system availability/effectiveness, mainte- 
nance  man-hour  requirements,  maintenance 

time standards, and supply response require- 
ments. Time factor determination is essential 
for quantitative maintainability prediction that 
involves the statistical combination of time-to- 
accomplish estimates. Time factor determina- 
tions begin in the conceptual stage on the gross 
maintenance functions and continue through 
full-scale development when hardware design 
has progressed to the point that specific fea- 
tures are known. Time factors normally are de- 
termined earlier and in more detail for those 
functions or functional sequences in which time 
is critical to mission success, safety, use of 
resources, minimization of downtime, and/or in- 
creasing availability. Examples of data outputs 
are task time in man-hours; task time elapsed; 
time line of critical tasks; maintenance man- 
hour figures per operating hour; maintenance 
man-hour figures per year; maintenance man- 
hour figure per maintenance action; mean time 
between maintenance actions; mean time be- 
tween overhauls; mean time to repair; and other 
time data associated with operation, trans- 
portation, supply, and the maintenance cycle. 

h. Use Study. Studies on the use of the 
proposed materiel consider such factors as 
mobility, mission frequency and duration, op- 
erational environment, basing concepts, and an- 
ticipated service life as they relate to the op- 
erational requirements. Resulting data include 
annual operating requirements, consisting of 
number and duration of missions and number 
of operating days, number of systems sup- 
ported, transportation time sequences, support 
profiles, allowable maintenance periods, and en- 
vironmental requirements. 

i. Functional Requirements Identification. 
This task identifies the support functional re- 

quirements as the frame of reference for de- 
veloping support approaches. This task must be 
accomplished in time to provide a basis for con- 
current consideration of support requirements 
with critical design decisions. Functional re- 
quirement identification progresses from gross 
functional levels, possibly with no mention of 
hardware in the conceptual stage, to a more 
formalized identification during full-scale devel- 
opment when the design has developed to the 
point that engineering drawings and hardware 
are defined in detail. Data associated with func- 
tional studies are addressed in the development 
program. 
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j. Failure Mode and Effects Analysis 
(FMEA). This analysis is performed, unless 
otherwise specified in the contract, to identify 
predicted materiel failures and effects of the 
failure. The analysis provides timely identifica- 
tion of deficiencies in the total system. Defi- 
ciencies are corrected through design changes 
or by proper logistic support adjustments to the 
extent mandated by functional mission require- 
ments and safety considerations. To the extent 
possible, inherent catastrophic or critical failure 
effects are alleviated. Failure mode and effect 
analysis is performed at the beginning, in the 
early stages of system definition and design. 
The analyst first uses system functional level 
breakdown and flow block diagrams, as devel- 
oped by the design, reliability, and maintenance 
engineering activities. As design progresses, the 
failure mode and effect analysis extends down 
to the lowest functional level. Examples of 
analysis output data are item failure modes, 
failure rates, failure symptoms, failure criti- 
cality, failure effects (primary and secondary), 
and detection methods, all of which are used 
as input data for maintenance engineering 
analysis. 

k. Repair Level Determination. A repair 
level study is conducted to arrive at the op- 
timum level of component discard and level of 
repair. The replacement unit size and the main- 
tenance level are determined to define the vari- 
ous replace/repair action alternatives. Empha- 
sis is placed on cost, operational availability, 
and operational effectiveness. Trade-offs among 
these three factors and any overriding restrain- 
ts, such as deployment requirements and supply 
line reliability, form the basis for replacement 
unit and capacity decisions. The support 
resource requirements generated by the various 
alternatives-including personnel and training, 
technical data, support equipment, facilities, 
and replacement/inventory parts-are evaluated 
to determine the optimum level decisions. 
Mathematical models for computer simulation 
of the synthesized support subsystems should 
be used if the size of the system under de- 
velopment indicates that such an approach is 
cost-effective. 

I. Maintainability Prediction. A main- 
tainability prediction is conducted unless other- 
wise   specified   in   the   contract.   The 

maintainability prediction is quantitative dur- 
ing the full-scale development phase. Prior to 
that time, quantification may be limited by un- 
certainty of design and scarcity of data; how- 
ever, best estimates must be used in conjunc- 
tion with other analysis activities that deter- 
mine repair levels, establish logistic resources, 
and optimize support characteristics. Output 
data from maintainability prediction are system 
maintainability values associated with hard- 
ware indenture -levels. These values include 
maintainability allocations, mean time to re- 
pair, mean downtime, mean time between main- 
tenance actions, and man-hours per operational 
increment. The data are used as inputs to the 
analytical determination of logistic support re- 
quirements. 

m. Task Analysis. This effort is a detailed 
investigation of the maintenance/ 
operational functions to identify all tasks or ac- 
tions required to accomplish them and will be- 
come the baseline data for the following: 

(1) The organization of specific main- 
tenance procedures that must be conducted to 
sustain or to return the equipment to operating 
condition. These procedures form the basis of 
the equipment maintenance manuals. 

(2) Task time as vital for predicting 
maintenance time parameters 

(3) Skill requirements and quantities 
of personnel necessary to perform the main- 
tenance and operational tasks 

(4) Tools, support equipment, ex- 
pendable items, and spares/repair parts re- 
quired to perform maintenance and operational 
tasks 

(5) Minimizing the hazards associated 
with operating and maintaining the item 

(6) Human factors engineering studies 
(7) Facility and space needs for per- 

forming tasks. 
As in many of the other areas of main- 

tenance engineering analysis, task analysis is 
evolutionary. Maintenance times and personnel 
requirements are estimated in the conceptual 
stage and iterated on a continuing basis as the 
design progresses through full-scale devel- 
opment. The failure mode and effect analysis 
is the primary source for corrective mainte- 
nance task  identification.   Particular  attention 
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is given to fault isolation, servicing, and cor- 
rective and preventive maintenance. Data 
resulting from the task analysis result in a com- 
plete description of the maintenance function 
and include such elements as task description, 
task number, sequential actions comprising a 
task, task frequency, man-hours per task, task 
elapsed time, personnel requirements per task, 
replacement parts per task, and support and 
test equipment per task. The task analysis must 
depict clearly the relationship of tasks and 
functions in performing complete jobs. For ex- 
ample, the access and preparation tasks/actions 
for each fault isolation must be associated with 
the fault isolation task as well as with all pos- 
sible corrective actions that could result. Task 
analysis is performed in greater detail as the 
design is defined. When an initial design has 
been established (at the end of validation 
phase), tasks are defined to the line replaceable 
unit level for use in determining manning re- 
quirements and level of repair. When detailed 
design data are available, tasks are broken 
down into step-by-step procedures and are used 
as the basis for technical data preparation. 

n. Safety Analysis. An analysis is per- 
formed to optimize the safety characteristics of 
the materiel within the constraints imposed by 
operational requirements. The analysis iden- 
tifies hazards and specifies measures to min- 
imize the danger to personnel, as well as the 
unique support requirements identified thereby. 
The failure mode and effect analysis is used 
for identification of safety hazards. The respon- 
sibility for the system safety analysis should 
be independent of the system design function 
and should have recourse directly to top man- 
agement. 

o. Standardization Review. Unless other- 
wise specified in the contract, standardization 
reviews are conducted to achieve the maximum 
use of existing components, tools, support 
equipment, test, measurement, and diagnostic 
equipment and personnel skills without signifi- 
cantly inhibiting design improvement. New 
items introduced require justification that the 
items already in the system do not meet the 
approved military characteristics or safety re- 
quirements, the state of the art and tech- 
nological advances require the introduction of 
a new  item,  or the new item materially will 

increase the overall effectiveness and modern- 
ization of the equipment under development. 
Design improvement trade-offs with the advan- 
tages of standardization may be cited as a rea- 
son for use of a nonstandard item. The key 
factor required in reducing the life cycle costs 
and enhancing effectiveness of logistic support 
is to standardize for both physical and func- 
tional interchangeability. Standardization in 
this regard also requires: 

(l)Identicality of the end articles pro- 
duced under contract, including identicality of 
internal parts, during the span of multiyear 
procurements and across lead and follow-on 
contracts, when applicable 

(2) Intra-end article (intra-weapon sys- 
tem/intra-aircraft/intra-ship) standardization to 
insure the use of the minimum different com- 
ponents/equipments/items within the end arti- 
cle whenever the closest tolerance or highest 
output could become the,standard (i.e., vertical 
standardization within a system) when horizon- 
tal standardization (i.e., between systems) is not 
practical 

(3) Intra-departmental standardization 
(the design reuse of reliable compo- 
nents/equipments already supported in the spe- 
cific department s)) 

(4) Use of military standard parts in 
new design. 

p. System Impact Review. Review is con- 
ducted to determine the impact of the proposed 
support system on other facets of the materiel. 
Additional features needed to enhance overall 
Operational capability and cost-effectiveness are 
identified. Constraints imposed by existing or 
proposed logistic systems (inventory, provision- 
ing, support equipment, test equipment, person- 
nel and training, and safety systems) also are 
identified and entered into system documen- 
tation. The support subsystem for the equip- 
ment under development is not designed as a 
separate entity; parallel design evolves in the 
development of the hardware and support sub- 
system. Early system impact review accom- 
plishes the first mating of the system perform- 
ance requirements with the requirements of the 
Army's overall logistic system. The concepts, 
policies, and principles established by oper- 
ations and logistic support studies form the con- 
straints of the support subsystem design and 
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must be compatible with the mission and ef- 
fectiveness requirement of the materiel. These 
concepts, policies, and principles dictate the al- 
lowable logistic resources and are the basis for 
statements of early requirements such as the 
specific maintenance levels to be used, pre- 
ventive maintenance limitations, allowable per- 
sonnel rates and numbers, and allowable main- 
tenance downtime. Computerized modeling of 
the maintenance and supply system, if practical 
(depending upon acquisition requirements), is 
an important method of evaluating alternate ap- 
proaches. Models are particularly valuable dur- 
ing trade-off studies involving main- 
tainability/availability and life cycle costs that 
are conducted during early development effort. 
Depot workload and scheduling, provisioning 
and inventory factors, personnel factors, and 
the transportation process specifically should be 
examined. 

5-1.3   MAINTENANCE DATA SOURCES 

The preliminary maintenance allocation 
chart is a basic source of maintenance data 
resulting from maintenance engineering 
analysis. This document is comprised of four 
charts which basically assign materiel mainte- 
nance level responsibilities, identify required 
tools and test equipment, and provide appro- 
priate remarks pertaining to maintenance ac- 
tions. Although the document fails to bring to- 
gether in one package all of the maintenance 
analysis data required for support planning, it 
provides a baseline for the derivation of other 
required data. Preliminary maintenance alloca- 
tion charts are generated (normally by a con- 
tractor) during the development phase, eval- 
uated during prototype demonstration (usually 
by materiel physical teardown), and, after ap- 
proval, become a source of data for validating 
and refining the maintenance allocation chart. 

Maintenance engineering analysis data sys- 
tems, normally automated, provide another 
source of maintenance data. Preliminary main- 
tenance allocation charts and maintenance 
allocation charts may be retrieved manually or 
by computer from these data systems. Use of 
a data system as a data source for the charts 
will insure that the allocation of maintenance 
tasks to maintenance levels is compatible with 
planned technical manuals, skills and manpow- 
er, tools and equipment, and other support 
resources. 

5-2 PRELIMINARY MAINTENANCE 
ALLOCATION CHART 
(PMAC) (Refs. 2,3,4) 

The preliminary maintenance allocation 
chart (PMAC) provides a basis for analysis of 
the design of materiel to identify maintenance 
requirements and design change requirements. 
Some commodity commands prepare the PMAC 
manually as described in the discussion that 
follows. Other commands extract PMAC data 
from automated maintenance engineering 
analysis data systems (par. 5-3.2d). The PMAC 
contains maintenance data directly or indirectly 
related to all support elements, and is used to 
develop the maintenance allocation charts 
(MAC) for the organizational technical manual. 
The PMAC is developed to be the basic main- 
tenance decision document, and is used as the 
basis for provisioning, establishing maintenance 
procedures, planning for training, and 
determining tool and test equipment require- 
ments. 

Each development contract negotiated by 
a commodity command for materiel acquisition 
normally contains a requirement for the prep-' 
aration and updating, within specific time lim- 
itations, of the PMAC's. Production contracts 
or companion engineering services contracts 
contain a requirement to maintain the PMAC's 
current with approved engineering orders. 

The forms designed for the preparation of 
the PMAC's may vary slightly among commodi- 
ty commands in order to meet the particular 
needs of a command. To further insure that 
the commodity needs are met, PMAC's are gen- 
erated per contract specification when specific 
contract line items delineate Army Regulations, 
Data Item Descriptions and specific instructions 
and procedures to be followed. Any changes or 
variations may be directed by the command to 
the  contractor by  contract  letter.   Contractor 
changes to PMAC specifications may be made 
if approved by the command. 

One of the major differences among exist- 
ing PMAC's is the method of breaking down ■ 
the major end item.-The two primary methods 
used are listing by generation breakdown and 
by functional grouping. Certain com- 
modities-such as vehicles, tanks, power sta- 
tions,  and generators-lend themselves to the 
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functional grouping method. This method as- 
signs group numbers to each functional portion 
of the overall end product and then proceeds 
to list the components that make up the group. 
For example, a vehicle would have its major 
functional groups listed as follows: 01 Engine, 
03 Fuel System, 05 Cooling System, etc., and 
listed beneath the major groups would be its 
individual components that make up the group 
such as: 

01    ENGINE 
0100 Engine Assembly: 

Engine 
Mounting, Engine 
Power Plant 

0101 Crankcase,   Block,   Cylinder 
Head; 

Head, Cylinder 
Cylinder, Sleeve and Piston 

Assy 
0102 Crankshaft 

Bearing, Crankshaft 

Equipment such as specialized control and 
checkout equipment and test equipment, lends 
itself more to the generation breakdown 
method. This method lists the end item (a final 
combination of end products and/or component 
parts capable of performing a function without 
interdependency upon another item) and pro- 
ceeds in top-down generation drawing sequence 
to tear down the item by listing all parts to 
the lowest level of disassembly. For example, 
a multimeter, as an end item, would be broken 
down in the reverse sequence of buildup; i.e., 
removal of knobs, case, assemblies, components, 
etc., down to the bare chassis. The listing would 
begin with the major assembly as the first gen- 
eration level, the subassembly as the second, 
and the piece parts as the third. 

Another difference that exists among 
PMAC'sis the format of cover sheets. All cover 
sheets contain materiel identification informa- 
tion, revision data, approval authority, etc., but 
the information is presented in different se- 
quences. 

5-2.1   PREPARATION OFPMAC's 

The PMAC contains a list of all items, 
down to the lowest level of disassembly, the 

recommended category of maintenance, recov- 
erability aspects, essentiality, tools required to 
perform specific maintenance operations, and 
remarks required to explain the maintenance 
operation. 

With the maintenance concepts estab- 
lished, additional knowledge required by the 
maintenance engineer-in order to develop a 
valid PMAC-is experience with the actual han- 
dling and repair of hardware, familiarity with 
standard shop practices and repair operations, 
and identification and utilization of common 
tools and test equipment. The maintenance en- 
gineer also must understand the following areas 
in regard to the materiel being analyzed: 

a. Military characteristics for the item be- 
ing evaluated 

b. Maintenance plan for the system 

c. Maintenance philosophy for the item be- 
ing evaluated 

d. Planned tactical deployment of the sys- 
tems 

e. Planned training of the personnel 

/ Documentation package (drawings and 
specifications) for the item being evaluated. 

Primary factors to be considered through- 
out the preparation of PMAC's are: 

a. Maintainability of each item 

b. Availability of tools, test equipment, 
and shop facilities 

c. Distribution of repair parts and mate- 
rials 

d. Distribution of personnel skills. 

Preparation of the initial PMAC's starts 
during the development program with the ini- 
tial release of design documentation. Army and 
contractor maintenance engineering personnel 
should be throughly familiar with the estab- 
lished PMAC forms, the equipment documen- 
tation, and the development hardware. As the 
program develops, the contractor updates the 
initial PMAC's to the production configuration 
and plans for a formal PMAC review and main- 
tenance evaluation to be performed, using the 
production prototype hardware and released 
production documentation. 

For the initial preparation of a PMAC, a 
complete set of development documentation is 
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required, along with accessibility, to the devel- 
opment hardware, the assembly line, and the 
design and manufacturing personnel. Hardware 
'inspections and discussions are of particular 
value in those cases where the documentation 
does not define the requirements; i.e., tools and 
test equipment, procedures, skill requirements, 
etc. 

Development of the PMAC during the de- 
velopment phase makes the analyst aware of 
unacceptable logistic deficiencies in the docu- 
mentation and/or materiel and permits timely 
corrective action. Recognition of the deficiencies 
after the production program is initiated could 
result in costly redesign or the delivery of two 
materiel configurations and a subsequent mod- 
ification program. 

Standardization is another area in which 
much may be gained at this time. Maintenance 
engineering may identify proposed items that 
can be replaced by items currently in the supply 
inventory. Even if substitutions of the standard 
items result in design changes to interfacing 
items, the change may be amenable to justi- 
fication on a life cycle cost basis; i.e., reduced 
procurement costs, support costs, supply man- 
agement costs, etc. An example of this would 
be to standardize screw heads (all slot or all 
cross recessed) to reduce required quantities 
and types of tools. 

5-2.1.1   PMAC Development Procedure 

The major steps in a typical PMAC de- 
velopment cycle follow. Details could differ be- 
tween commodity command-contractor teams, 
but the principles would remain unchanged. 

a. The Army issues contractual require- 
ments for the development of PMAC's. 

b. Maintenance engineering performs an 
initial maintenance analysis effort and develops 
a draft PMAC, less certain data items to be 
identified later. 

c. Maintainability and other technical sup- 
port activities review an in-process copy of the 
draft PMAC, placing emphasis on major assem- 
blies and associated maintenance operations, 
tools and test equipment, and remarks. Com- 
ments and recommendations are provided to 
maintenance engineering. 

d. Maintenance engineering computes and 
assigns maintenance factors, assigns essentiali- 
ty codes, and, in consultation with supply per- 
sonnel, assigns recoverability and stockage 
codes. 

e. Maintenance engineering distributes the 
completed draft PMAC to all contractor support 
elements, receives comments, and prepares a fi- 
nal draft PMAC. 

/ The PMAC is sent to the Army for 
review. 

g. Maintenance engineering incorporates 
Army comments and prepares and distributes 
the PMAC to the Army and to appropriate con- 
tractor organizations, including all of the sup- 
port elements. 

5-2.1.2   PMAC Description 

The PMAC consists of a group of four 
charts (cover sheet, MAC page, tool page, and 
remarks page). Figs. 5-2 through 5-5 show the 
forms that comprise a typical PMAC with typ- 
ical entries (save for the cover sheet, which 
shows no approval action). The following para- 
graphs describe all of the forms and the mean- 
ings of the codes on the MAC page: 

a. Cower Page. The cover page (Fig. 5-2) 
identifies the chart number, date, page number, 
nomenclature, revision number, end item part 
number, end item nomenclature, next higher as- 
semblies, approval agencies and signatures, the 
revision letter of the pages of the PMAC af- 
fected by the current and previous revisions, 
and the page numbers of all pages that have 
been revised, including the current revision. 

b. MAC Page. The MAC page (Fig. 5-3) 
provides a list of all maintenance significant 
items in a prescribed disassembly sequence. 
These items are listed by hardware generation 
breakdown, indenture, nomenclature, quantity, 
and part number. Columns A through R iden- 
tify the overall maintenance functions of the. 
equipment. 

Columns A through K identify the detailed 
maintenance tasks to be performed. In relation 
to the items of equipment, appropriate codes 
for the maintenance levels that are to perform 
the specific tasks are entered in these columns. 
Normally, the codes used in the PMAC are nu- 
merical to represent the level of maintenance 
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MS   D'"M 
PRELIMINARY 

MAINTENANCE ALLOCATION CHART 
COVER SHEET 

1106007 »-9 15 April  1974 
IOYENCLATURE 

CABLE ASSEMBLY SET. ELECTRICAL 
'NOMENCLATURE OF END ITEM END ITEM NO. 

CABLE ASSEMBLY SET. ELECTRICAL 

NEXT HIGHER ASSEMBLY 
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CONCURRENCE: 

SIGNATURE 

REVISION 

PAGE 

PAGE 

Figure 5-2.   PMAC—Cover Page 
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5 
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X 

LINE 
NO. 

INDENTURE 
NOMENCLATURE QTY PART NUMBER 

12     3    4    5     6    7 

1. '     1     I     1      '      ' 
;    | INSULATION TUBING MIS17329/1-3 3 z 14 A .001 46N20 

2. 
!   i   !   i   :   .' 

■    iCABLEi ÖL] ICTRICAL MPD10987, 010482, CL 1 z C A .001 

3# ICAB^E, /JS^ES IBLY, 60W109 11039209-39 2 2 2 2 D M 1 AD B .074 21G20 

4. : ISF)IEJLTJ, ^L SCTRICAL CONNECTOR 10608296-11 2 Z 8 A .001 21G20 

5-# i ! jl  i  ! 
;CQNNEJ:TüF; . PLUG. ELECTRICAL MIS17433/1-11 5 ?. n 13 N A .036 21G20 

6. i   1   !   •   i   ! 
;   ;   i SLEEVE, ELECTRICAL CONNECTOR MIS17419/2-3 2 F A .001 21G20 

7. 1 ! ! I mi?. INDEX ZZM9216-60E 2 Z 3 A .001 21G20 

8. i ! 1 !»P4. SNAP ZZM9016-39E 2 z 3 A .001 21G20 

9. !   IBANDMARK] :R, CABLE 11039216-853 2 z 4 F B .001 21G20 

10. i   '  i  '   i   ' 
!    ;A<>APTpR!, ( :ABLE TO CONNECTOR MIS17432/1-3 5 z 13 O A .001 

n. 
1    i    1    !     i     ; 
!   ICABLE!, ED ICTRICAL AR MPD10987, S040752X, CL 1 z C A .001 

12. !  !  i  !   i   i 
i  IBANPMARKJ :R, CABLE 11039216-855 2 z 4 F B .001 21G20 

,3'# ! ! : 1 ; ; 
!   ICONNECTÖI , PLUG. ELECTRICAL MIS17433/1-33 5 2 D 13 N A .036 21G20 

14. # ill:: 
i   '   'SLEEVE. ELECTRICAL CONNECTOR MIS17419/2-3 2 F A .001 21G20 

15. 'Ill' RlN<i;' INDEX ZZM9216-60E 2 z 3 A .001 21G20 

16. 
<    !    '    '    '    ' 

SNAP ZZM9016-39E 2 z 3 A .001 21G20 

17. 
i ; ] ! ! : 
i  !nfeu|MTi0N TUBING AR MIL-I-23053/5, CL1.L50I. ). 2 z 14 A .001 21G20 

18. 1    1 SPRING, TtF KIT P205502-16 5 5 32 AC A .001 

19. 
: ! 1 ! ! i 

ABLE BAND TP201376-16 3 z 15 P A .001 46N20 

20.# 

1    T    T -T     1     1  

IcfiHJLli AfesiJM BLY, 60W115 11038590-9 2 2 2 2 F M 1 Q B .106 21G20 

21. 
i    i    i    1    (     l 

: ] CüNNE|CI1OI 10605215-77 3 z 11 D A .053 46N20 

22. 
!  !  !   '   !   i 
I    iCONhlECTpI 10605215-51 3 z 5 E A .053 46N20 

23. 
!  i  !   !   i   ! 
;    ICABLEI, J$L1 .CTRICAL AR MPD10987, S040450X, CL 1 z C A . 001 

24. 
I t"!   i   !   i 
!    lApAPTfcR,  ( IABLE MIS17340/3-13 3 z 5 D A .001 46N20 

25. 
'   '  !  !   '   '   ' 

!     BANtuVtARKl ;R, CABLE 11039216-327 2 z 4 F B .001 21G20 

> 
s 
n -o 

o 
I 
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to 

Figure 5-3.   PMAC-MAC Page 
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(e.g., 1 = operator, 2 = organizational, 3 = 
direct support, 4 = general support, and 5 = 
depot). 

Recoverable (column L) indicates whether 
or not the item is recoverable and returned to 
the supply system. The codes in this column 
may be but are not limited to the following: 

F - Economically repairable at direct or 
general support maintenance level 

D - Economically repairable at depot main- 
tenance level 

A - Items that contain precious metals, crit- 
ical materials, and/or economically 
reclaimable castings, etc. 

Z — Uneconomical to repair. 

Essentiality (column M) indicates the mis- 
sion essentiality of the item. 

Tools required (column N) indicates the 
Arabic numeral code for the group of tools iden- 
tified on the tool page required to perform the 
maintenance functions on the line item. 

Remarks (column 0) indicates the 
alphabetical letter code for the remarks, iden- 
tified on the remarks page, listing the procedure 
and instructions required to perform mainte- 
nance functions on the line item. 

Demilitarization (column P) indicates the 
alphabetical code (letters A through G) for the 
demilitarization of the line item. Specifically, 
code letter A indicates a nonmilitary item and 
demilitarization not required, Code letter B in- 
dicates a military item and demilitarization not 
required. Demilitarization of the line item, if 
required, is achieved by mutilation, burning, 
shredding, pulping, transfer of materiel, or oth- 
er procedures furnished by the line item man- 
ager. 

Failure rate (column Q) indicates the 
estimated failure rate per 100 items per year. 
A difference in failure rate and the mainte- 
nance factor would be covered in the remarks. 

MOS (column R) indicates the minimum 
skill required to effect the test (column B) and 
repair (column I). 

Other forms are in use that differ in vary- 
ing degrees from the example shown. Items 
may be added or deleted depending upon the 
commodity command requirements. 

c. Tool Page. The tool page (Fig. 5-4) lists 
all common and special tools, test, measure- 
ment, and diagnostic equipment, and calibration 
requirements needed to maintain the end item. 
Common tools and equipment are identified by 
set designation and stock number. 

d. Remarks Page. The remarks page {Fig. 
5-5) records specific instructions on the use of 
standard tools, special tools, test equipment, 
cleaning procedures, calibration requirements, 
precautionary measures, and other pertinent in- 
formation that should be brought to the atten- 
tion of maintenance personnel. All trade-off 
analyses containing the technical rationale for 
determination of maintenance operations and 
tool and test equipment requirements, as set 
forth in the MAC page, also are identified on 
the remarks page. 

The cover page, tool page, and remarks 
page are straightforward and based on the 
decisions made during analysis of the end item 
when determining the maintenance functions 
for the items on the MAC page. A determi- 
nation based on personal knowledge of the 
capabilities of the various categories of main- 
tenance is required to assign a maintenance 
function to an item. In determining the main- 
tenance level of repair, the following must be 
considered: level and extent of maintenance 
function, time required to perform mainte- 
nance, level and quantity of maintenance skills, 
common hand tools versus speed or automatic 
tools, test equipment, etc. For example, if the 
skill levels of direct support and general support 
personnel are similar, then the limiting factor 
in assigning maintenance becomes the time re- 
quired and the cost involved to accomplish the 
repair. Selection of a maintenance level can be 
made by studying the failure rate and density 
of an item versus the cost of the required tools 
and test equipment to effect the repair. If the 
item has a low failure rate and density and 
the cost of tools and test equipment is high, 
then the repair of the item should be assigned 
to the general support or to the depot level. 
This assumes that operational availability will 
not be impacted adversely by the increased sup- 
ply pipeline time that results from moving 
maintenance to a higher level. 
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ntXXftTllV MARIETTA ORLANDO 
DIVISION 

PRELIMINARY 
MAINTENANCE ALLOCATION CHART 

TOOL PAGE 

TOOL CODE CAT. NOMENCLATURE TOOLNUMBER 

1-b 2 TESTER.  ELECTRICAL CABLE.  AN/GSM-45C                                                            6625-996-7294 

3 CABLE SHIELD RESISTANCE TEST SET   11039161 

2 MULTIMETER, AN/URM-105C 6625-999-6282 

3 IGNITER CIRCUIT TESTER (ALINCO)   P/N   10055154 

3 SEALING COMPOUND,  MPD  11883, TYPE II 8030-731-3578 

1-h 2 WATER DISPLACING COMPOUND,   16  OZ AEROSOL CAN 6850-988-7068 

2-h 3 PNEUMATIC AIR SCRIBE 5130-933-5250 

3 ADHESIVE.  EPOXY RESIN.   MPD 11881.  TYPE IV 8040-059-5477 

3 WRENCH,   PIPE STRAP STYLE,   1 TO 5 IN. 5120-262-8491 

3 PLIERS,   SLIP JOINT,  CONDUIT W/INSERTS 5120-624-8065 

3 PLIERS,  DIAGONAL CUTTINC 5110-240-620» 

3 BIT.   SCREWDRTVER.   SLOT TYPE 320-5 5120-021-2002 

3 SCREWDRIVER, TORQUE,   2 TO 35 IN. -LB 5120-021-2041 

3 SCREWDRIVER, FLAT TIP,   3/16 IN.   TIP,  6 IN.   LG.   BLADE 5120-278-1270 

3 SOLDERING IRON,  ELECTRIC 3439-294-9011 

3 SOLDER, WIRE,  ROSIN CORE 3429-273-2536 

3 PLIERS,  RETAINING RING TYPE II 5120-293-0044 

3 COMPRESSOR, SNAP RING                                                                                             *nn_Qin_"7«v> 

3 VISE,   BENCH MOUNTED                                                                                                        4935-064-6809 

3 NOZZLE,  CART.   CALK.   COMPOUND 5120-801-0949 

3 CARTRIDGE 5120-022-9801 

3 PLUNGER,   CALK.   GUN 5120-056-4828 

3 CAP,  CARTRIDGE,  CALK.   COMPOUND 8125-996-9365 . 

3 POTTING GUN 5120-075-3335 

3 INSULATION COMPOUND, ELEC.   EMBEDDING,   MPD 11879 5970-926-0246 

3 FRAME, HACKSAW.  ADJUSTABLE 5110-289-9657 

3 BLADE,  HACKSAW,   1 0 INCH, 5110-142-4928 

3 ANTISEIZE COMPOUND TT-A-580,   1 PT. 8030-201-0996 

3 HANDLE,   TORQUE WRENCH,   600-1600 IN.-LB 5120-020-5646 

3 WRENCH,  OPEN END HEAD,    1-15/16 IN. 5120-020-5649 

3 HANDLE,   TORQUE WRENCH,   150-750 IN. -LB 5120-020-5645 

3 WRENCH,  OPEN END HEAD,    2   1/4 IN. 5120-020-5654 

3-h 2 COMPRESSOR,   SNAP RING 5120-910-7503 

2 PLIERS,  RETAINING RING,   TYPE II 5120-293-0044 

.      4-h           |          2 FABRIC,   COTTON, WHITE 7920-205-3571 

Figure 5-4.   PMA C- Tool Page 
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ATXIfTTtM IVtAFTISTTM ORLANDO 
DIVISION 

PRELIMINARY 
MAINTENANCE ALLOCATION CHART 

REMARKS PAGE 

11060079-9 15 April 1974 
) PAGE 

OF 29 

INSPECT FOR DAMAGE (VISUAL) BEFORE OPERATION, 

A-b ELECTRICAL CABLES WILL BE TESTED FOR CONTINUITY,  SHORTS,  CONDUCTOR RESISTANCE AND INSULATION, 

USING CABLE TESTER AT 6 MONTHS INTERVALS.   'REFER TO TM 9-1430-380-14.    USE TEST ADAPTERS IN CON- 

JUHCTION WITH CABLE TESTER.    THE RFI INTEGRITY TESTS SHOULD BE CONDUCTED AT THE DSU USING CABLE 

SHIELD RESISTANCE TEST SET 11039161 LOCATED IN THE ELECTRICAL SHOP SETS.    THE RFI INTEGRITY SHOULD 

BE VERIFIED EVERY SIX MONTHS. 

CABLE ADAPTERS SHALL BE TIGHTENED UNTIL FULLY SHOULDERED OK THE CONNECTOR BARREL.    TORQUE 

SHALL NOT EXCEED 85 FT.   LBS.    APPLY WATER DISPLACING COMPOC'ND TO THREADS OF EXTERIOR CONNECTORS 

REPAIR OF CABLE ASSEMBLY AT ORGANIZATIONAL LEVEL IS LIMTED TO REPLACEMENT OF CONNECTOR DUST 

B-b 

CAPS,  INDEX SLEEVES, AND CABLE BAND MARKERS. 

USE TEST ADAPTER P/N   10512434-6and -34 IN CONJUNCTIOK WITH CABLE TESTER. 

B-h APPLY WATER DISPLACING COMPOC'ND TO THREADS OF EXTERIOR CONNECTORS. 

NO MAINTENANCE FUNCTION WILL BE PERFORMED.    IF DARIAGE OCCURS REPLACE NEXT ASSEMBLY. 

D-h REFER TOREMARK E-h.    WHEN CONNECTOR IS REPLACE,  ENGRAVE THE SAME SERIAL NUMBER ON THE NEW CON 

NECTOR IN THE SAME POSITION AND SAME CHARACTER SIZE AS ON OLD CONNECTOR.    APPLY A THIN COAT OF 

ADHESIVE MPD 11881.  TYPE IV OVER THE ENGRAVED AREA. 

E-h APPLY LUBRICANT MIL-L-Ö0326 TO INNER SURFACE OF CONNECTOR COUPLING NUT TO PREVENT EXCESS ADHES- 

IVE FROM GETTING UNDER THE NUT.    CLEAN LUBRICANT FROM COKKECTOR THREADS AND CLEAN ADAPTER 

THREADS WITH SOLVENT MIL-C-18718, AND APPLY ADHESIVE  MPD 11881,  TYPE TV SPARINGLY TO INTERNAL 

THREADS OF ADAPTER BEFORE RMTING WITH CONKECTOR.    ADAPTERS TO BE POTTED PER SPECIFICATION MPD 

11879 - OUTER JACKET OF CABLE SHALL BE INSERTED INTO POTTING COMPOUND NOT MORE THAN HALF THE 

LENGTH OF THE ADAPTER, OR LESS THAN .50 INCH.    MATE CABLE PLUGS INTO A MATING RECEPTACLE PRIOR 

TO POTTING TO INSURE PROPER ALIGNMENT.    CABLE ADAPTER SHALL BE TIGHTENED UNTIL FULLY SHOU LDERElj 

ON THE CONNECTOR BARRELL.    TORQUE SHALL NOT EXCEED 85 FT-LB. 

CLEAN AREA FOR BANDMARKER WITH SOLVENT MIL-S-18718 AND ALLOW TO DRY.    APPLY BAND MARKER AT 

ROOM TEMPERATURE OF 65'-    90° F.    SEAL WITH BRUSH COAT OF EPOXY RESIN OVER BANDMARKER - OVERLAP 

EDGES. 

G-li TORQUE CABLE CLAMP SCREWS TO 18 ± 2 IN. -LB. 

H-h EACH CRIMPING TOOL HAS TWO OR MORE DISTINCT DIES WHICH ARE USED TO CRIMP DIFFERENT SIZED FERRULES 

EACH DrE IS COLOR CODED SO THAT THE PROPER DIE CAN BE READILY DETERMINED BY MATCHING THE COLOR 

OF THE FERRULE WITH THE SAME COLOR ASSOCIATED WITH A PARTICULAR DIE.    FOR EXAMPLE, A GREEN 

COLORED FERRULE REQUIRES THE HEX DIE WITH A GREEN DOT.  

I-b USE TEST ADAPTERS,  P/N   10512434-37 &-62 IN CONJUNCTION WITH CABLE TESTER. 

I-h APPLY WATER DISPLACING COMPOUND TO THREADS OF EXTERIOR CONNECTORS. 

CABLE CLAMP SCREWS TOBE    TORQUED TO 7 ± 1 IN. -LB. 

Figure 5-5.   PMAC-Remarks Page 
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5-2.1.3  Maintenance Level Assignment 

Determination of the maintenance level to 
be assigned to a maintenance function is based 
upon the capabilities of established Army main- 
tenance levels. These levels are identified as or- 
ganizational, direct support, general support, 
and depot. A description of their typical 
capabilities follows. 

a. Organizational maintenance is the main- 
tenance authorized for and performed by, and 
which is the responsibility of, the using orga- 
nization on its own equipment. Organizational 
maintenance consists normally of inspection, 
cleaning, servicing, preserving, lubrication, ad- 
justing as required, and minor part replacement 
not requiring highly technical skills. 

Organizational maintenance is divided into 
operator maintenance and technician mainte- 
nance. 

(1) Operator maintenance is that de- 
gree of maintenance performed by the operator 
in providing proper care, use, operation, clean- 
ing, preservation, lubrication, limited adjust- 
ments, and replacement of common hardware 
parts, without extensive disassembly of assem- 
blies, components, or end items. 

(2) Technician maintenance is that 
maintenance accomplished by specially trained 
technicians within the using organization, and 
includes the performance of 

(^Periodic inspection and sched- 
uled services 

(b) Replacement of all items au- 
thorized for usage 

(c) Adjustment and repairs on as- 
semblies, components, and end items that can 
be accomplished without extensive disassembly 
and with tools authorized to the organization. 

b. Direct support maintenance is that de- 
gree of maintenance performed by specially 
trained units in direct support of using orga- 
nizations. Direct support maintenance includes: • 

(1) Replacement of items authorized 
for usage 

(2) Repair of electrical, mechanical, 
and hydraulic assemblies, subassemblies, and 
end items 

(3) Repair of electronic assemblies by 
subassembly replacement 

(4) Repair of the overflow from lower 
levels within limits imposed by authorized tools, 
time, repair parts, and test equipment 

(5) Fabrication of parts from bulk ma- 
terial. 

c. General support maintenance is that 
maintenance performed by semimobile or fixed 
shops in support of direct support maintenance. 
A general support unit is primarily engaged in 
the repair of major items, assemblies, and sub- 
assemblies for return to supply channels. Gen- 
eral support maintenance includes: 

(1) Replacement of all items author- 
ized for usage 

(2) Repair of end items 
(3) Repair of electrical, mechanical, 

and hydraulic assemblies and components 
(4) Repair of electronic assemblies and 

subassemblies, with the exception of missile 
electronics 

(5) Fabrication of general-use common 
hardware and parts 

(6) Repair of the overflow from lower 
levels within the limits imposed by authorized 
tools, time, repair parts, and test equipment. 

d. Depot maintenance is that maintenance 
performed by fixed shops engaged in: 

(1) Complete overhaul or rebuild of 
major items 

(2) Reconditioning of assemblies, sub- 
assemblies, and end items for return to supply 
channels 

(3) Replacement of all parts authorized 
for usage, and fabrication of parts not otherwise 
economically obtainable. 

5-2.1.4   Formal Review 

The PMAC normally is approved through 
formal review procedures. The review team is 
comprised of Army personnel responsible for 
materiel supply, maintenance, technical 
publications, provisioning, and other support ac- 
tivities. Contractor personnel may be invited to 
attend the review as technical consultants. The 
review normally is accomplished during the lat- 
ter part of the development phase. Subsequent 
to approval, the PMAC is updated as a part 
of the engineering change program. 

Resources required for the review are the 
involved materiel,  all materiel documentation, 
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the PMAC, and the tools listed on the PMAC 
tool page. Additionally, a conference room and 
shop area are required. The review is accom- 
plished by comparing the PMAC with the docu- 
mentation and hardware on a line item-by-line 
item and entry basis. The teardown sequence, 
quantity, part number, maintenance level as- 
signment, tool requirements, etc., are confirmed 
or modified. 

The PMAC cover page is revised and a 
new concurrence obtained for any revision to 
a PMAC page that changes the maintenance 
concept used in the evaluation. Other revisions 
are noted on the affected PMAC pages. 

5-2.1.5   PMAC Revision 

The PMAC must be maintained throughout 
the life cycle of materiel to reflect the current 
design and the support subsystem. When a 
change is made to the documentation and/or 
equipment which affects the PMAC, the change 
to the PMAC must be incorporated within a 
specified number of days after the documen- 
tation and/or equipment change is approved by 
the Army. This is accomplished by integrating 
the maintenance engineering analysis effort 
with the contractor's engineering change pro- 
gram. 

Revisions to the PMAC receive the same 
treatment and level of analysis as those asso- 
ciated with the development of the original 
PMAC. The same procedures apply to the gen- 
eration and processing of revisions to PMAC's 
as those used in the generation and processing 
of the original PMAC's. 

Whenever an engineering change is 
proposed, maintenance engineering reviews the 
engineering change package to determine the 
change for impact on the PMAC documentation. 
The cost of any PMAC impact is included in 
the total change package when submitted to 
the Army for approval. Upon approval, the en- 
gineering change is incorporated on a scheduled 
basis into materiel hardware and software. A 
new PMAC reflecting the changes is prepared 
and distributed to all recipients of the previous 
edition. 

5-2.2   AUTHORIZED VARIATIONS OF PMAC's 

Different organizations may require differ- 
ent maintenance data.  As previously  stated, 

contracts may be written and PMAC forms may 
be designed to include whatever data the 
procuring agency requires. 

The following subparagraphs describe 
some data elements that might appear in whole 
or in part in some PMAC's and not in others: 

a. Mean Active Corrective Maintenance 
Time. This information is useful in scheduling 
workloads at various maintenance levels, and 
to insure that repairs assigned to the organi- 
zational level do not adversely affect operational 
availability. Such times may be established by 
conducting maintenance task analyses or by ap- 
plying formulas. A typical formula consolidates 
optimistic, most likely, and pessimistic main- 
tenance time estimates, and produces a prob- 
able time. 

b. Source Code. This code indicates the 
source for acquiring an item for replacement 
purposes. For example, the code might indicate 
that an item is procured and stocked, manu- 
factured, fabricated at a specified maintenance 
level, or assembled. 

c. Recoverability Code. This code indicates 
the disposition of an unserviceable item. 

d. Overhaul Factor. This factor represents 
the quantity of repair parts required to over- 
haul 100 items. 

e. Military Occupational Speciality. This 
element identifies the qualitative skill required 
to perform a maintenance task. 

/ Unit Pack. This quantity identifies the 
number of unit packages of a repair part that 
is shipped in an outer package or container. 

The transfer of PMAC data to a MAC 
sometimes generates a problem. Normally, the 
PMAC is prepared in disassembly sequence for 
teardown of maintenance significant equipment. 
Transition of the PMAC into the MAC results 
in some of the hardware items being assigned 
functional group codes. 

Those maintenance significant items not 
assigned functional group codes are listed 
alphabetically at the beginning of the functional 
group listing prior to the listing of the coded 
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items within the group. An example is the fol- 
lowing: 

0320        Azimuth Ring Assembly 
Azimuth Ring 
Clamp Section Assembly 
Crank, Hand 
Gear Assembly, Speed Decreaser 
Gear, Sector, Spur 
Ring, Launch 
Tube Assembly, Metal 

0325 Dampener Base 
0330 Cable Assembly 
0340 Release Mechanism, Pneumatic 

Bracket, Electrical Switch 
Clamp Section Assembly 
Cylinder 
Frame, Mounting 

As depicted, the functional group 0320 Az- 
imuth Ring Assembly consists of nonfunctional 
group coded items (Azimuth Ring through Tube 
Assembly, Metal) listed alphabetically and the 
functionally coded items (0325, 0330, 0340) 
within the overall functional coded group 0320. 
As illustrated, both the alphabetical items and 
the coded items are in the second indenture. 
In the 0340 function code at the third indenture, 
the items are again alphabetically listed. The 
basic problem resulting from this type of coding 
and/or arrangement is the difficulty the user 
has in locating specific items on the chart and 
the loss of the hardware disassembly sequence 
that is available on the PMAC. 

The general solution to this dilemma would 
be to assign functional group codes to all hard- 
ware items in numerical sequence according to 
systematic hardware disassembly arrangement. 

5-3 LOGISTIC SUPPORT ANALYSIS DATA 
SYSTEM (Refs. 1,5,7) 

The logistic support analysis data system 
is a typical system for the management of 
maintenance engineering data to insure that all 
aspects of logistic support are recognized and 
considered during materiel planning, design, de- 
velopment, and deployment. The data within the 
system comprise the logistic support analysis 
record. The data system provides a method for 
collection, storage, manipulation, and retrieval 

of data for engineering and logistic analysis, 
and for insuring integration of the activities 
of the support elements. Proper use of this data 
system will insure that logistic support docu- 
ments pertaining to parts, tools, equipment, 
personnel, training material, facilities, etc., are 
compatible with other documents that provide 
maintenance instructions, skills, level of repair 
determination, etc. 

Compatibility is achieved by using the 
logistic support analysis record as a common 
data base for developing the many documents 
that define and allocate logistic support 
resources. The procuring activity may alter or 
supplement the record, as necessary, to meet 
requirements. 

Data provided by the procuring activity, 
generated by coincident engineering require- 
ments, and derived through maintenance engi- 
neering analysis are input to the logistic sup- 
port analysis record through input data sheets. 
These data sheets, structured for a particular 
acquisition program, are filled in as data be- 
come available. Such data sheets also act as 
checklists to assure that the analysis provides 
adequate visibility of logistic support resource 
requirements at all levels of hardware in- 
denture. 

a. Data Item Description Requirements. 
The logistic support analysis record is used by 
maintenance engineering as the common data 
base for support development. The data gen- 
erated during the course of the development 
program are used to satisfy the applicable data 
item description requirements of the various 
support elements associated with the program. 

The objectives of using logistic support 
analysis data to satisfy data item description 
requirements are: 

(l)To assure that parts, tools, and 
equipment authorization documents are com- 
patible with other documents that provide 
maintenance instructions, skills, and authorized 
repair tasks. Compatibility can be achieved only 
by using a common data base for developing 
the many documents that allocate integrated 
logistic support resources and authorize parts 
and skills. 

(2) To reduce data acquisition cost by: 
(a) Reducing engineering analysis 

effort required to develop duplicate data 
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(b) Reducing the number of data 
systems maintained by the contractors 

(c) Reducing delivery of duplicate 
data 

(d) Reducing the generation of 
data to satisfy data item description require- 
ments to an automated data processing extrac- 
tion, requiring only cost of machine printout 
time. 

b. Data Generation and Documentation. 
Data are generated by maintenance engineering 
analysis conducted on the items under devel- 
opment (or procurement, if an off-the-shelf 
item). This analysis establishes the maintenance 
actions to be performed upon the item and de- 
termines the support resource requirements 
necessary to accomplish the maintenance ac- 
tions. 

The data system stresses the flexibility of 
approach that maintenance engineering analysis 
must take in order to explore all aspects of 
design as they relate to the system operational 
and support environment. In the application of 
the maintenance engineering methodology, a 
variety of sequences may be used to arrive at 
the maintenance decisions required during a de- 
velopment program. For this reason, the se- 
quence of entry of data upon the data sheets 
contained in the data systems often may be 
tailored to suit the engineering activity con- 
ducting the analysis. Interim, ancillary, and 
supplemental data required or desired during 
the course of the analysis may be entered into 
the data bank, integrated, and stored by using 
the data sheet control information. 

c. Data Review. In general, the review will 
use summary sheet extracts from the data bank 
as indicators of the status of the analysis and 
documentation effort. The review assures that 
the data reflect currency of the analysis with 
latest revision of design drawings and that the 
data bank is capable of providing the output 
data products required at that stage of the de- 
velopment program. Review and acceptance of 
data normally are accomplished by an in- 
tegrated logistic support team, which is formed 
to monitor logistic support planning for major 
systems, or by other personnel designated by 
the responsible maintenance point or support 
manager. 

d. System Purpose. Use of logistic support 
analysis data is divided into two broad cate- 
gories. One is concerned with evaluation of the 
maintenance aspects of design and the commu- 
nication of facts and information for making 
decisions concerning maintainability, mainte- 
nance, and logistic support aspects. The other 
is to document and communicate decisions that 
have been made to those concerned with plan- 
ning for and acquiring the resources to support 
the materiel. 

Proper use of the logistic support analysis 
data is prerequisite to the achievement of in- 
tegrated logistic support goals. These goals re- 
quire that the total system support package be 
developed to implement the same maintenance 
plan. This fact is sometimes overlooked by sup' 
port element managers who demand that data 
for their areas be based upon redundant and 
separate analyses. The result is generally high 
acquisition costs for data and the identification 
of support resources that are incomplete, in- 
compatible with each other, and not consistent 
with the materiel maintenance plan. 

Maintenance engineering must assure that 
the logistic support analysis data generated 
throughout the development program merely 
are not accumulated and then ignored, but are 
used throughout the program as the primary 
source of all support development data. A policy 
must be established that forces all program ac- 
tivities to use the data as the common basis 

for support planning and development and as 
a cost-effective source for satisfying contractual 
data requirements. 

e. System Content. The logistic support 
analysis record contains standardized data ele- 
ments 'that provide detailed support require- 
ments and serve as a tool for managerial 
decisions relative to allocation and funding of 
resources. The input/output formats, storage, 
and filing of these data complement the tech- 
nical data systems of the program and assure 
integration of support element and design ac- 
tivities. Requirements for products pertaining 
to selective tasks, functions, reports, etc., are 
obtained from the stored data as required by 
the data item descriptions. The logistic support 
analysis record always reflects the current 
materiel design configuration. 
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f. Specific Input/Output Requirements. 
The range, depth, and specific input/output re- 
quirements for the data system are identified 
in the data system plan. 

Inputs will be provided by cognizant func- 
tional elements (e.g., reliability, maintainability, 
producibility, availability, human factors, sys- 
tem engineering, design, or logistics). Data gen- 
erated by maintenance engineering analysis 
should adhere to the standard data elements 
of the data system. The outputs from the data 
system should be in accordance with the con- 
tract data item descriptions. 

(1) Inputs. In order to accomplish the 
maintenance engineering analysis effort, main- 
tenance engineering requires design and logistic 
data inputs, including operational requirements, 
logistic system data, drawings, and hardware 
specifications. The following is typical of the 
initial information required: 

(a) Maintenance: 

1. Long-range service mainte- 
nance policies 

2. Maintenance organizational 
structures 

3. Maintenance equipment 
economic factors 

]+■ Other maintenance plan- 
ning inputs. 

(b) Support and Test Equipment: 

1. Existing equipment 

2. Government/contractor- 
furnished equipment inter- 
face considerations 

3. Existing calibration proce- 
dures and capabilities 

4. Support and test equipment 
economic factors 

5. Service policy and proce- 
dure for identification, 
selection, development, and 
acquisition of support 
equipment 

6. Requirement dates. 

(c) Supply Support: 

1. Long-range supply concepts 

2. Present and projected  sup- 
ply structures 

3. Government-furnished 
materiel 

h-   Standardization policy 

5. Usage and inventory data 

6. Economic factors. 

7. Other supply constraints or 
policies. 

(d) Transportation and Handling: 

1. Standard packaging  proce- 
dures and materials 

2. Containerization policies 

3. Shock, vibration, hazard ous 
material,   and  handl ing 
specifications 

i- Transportation modes 

5. Route   and   security 
straints 

re- 

6. Storage  and shelf life 
quirements 

re- 

7. Economic factors 

8. Other transportation   , 
handling factors. 

and 

(e) Technical Data: 

2. 

3. 

U. 

Availability of technical 
publications for 
Government- or contractor- 
furnished equipment 

Maintenance aids 

Special features 

Economic factors 

5. Requirements for technical 
publications, drawings, etc. 

6. Validation  and verification 
requirements and schedules 

7. Engineering  and  logistic 
data. 
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(f) Facilities: 

1. Standard facilities criteria 

2. Environmental   consid- 
eration 

3. Site data 

U-  Construction specifications 

5. Utilization factor 

6. Economic factors 

7. Other  service policies  and 
procedures. 

ig) Personnel and Training: 

1. Existing skills available 
2. Standard  service manning 

structures 

3. Existing   training   facil- 
ities/aids 

U-   Service training techniques 

5.  Economic factors 

Long-range  service person- 
nel policies. 

(2) Outputs. The data developed by 
maintenance engineering analysis are used as 
the analytical basis for determining logistic 
support resource requirements. Additional data 
are developed and provided to system design 
activities in the form of recommended design 
constraints for incorporation in system docu- 
mentation, and as inputs to risk analysis, ef- 
fectiveness studies, and system trade-off stud- 
ies. 

(a) Early information used for 
support planning includes such data as main- 
tenance concepts, reliability, maintainability, 
maintenance task time analysis, compatibility, 
qualitative maintenance, applicable specifica- 
tions, presentation format (e.g., maintenance 
dependency charts, maintenance aids, and com- 
puter/software and microfilm aids), special fea- 
tures or innovations, and technical data cost 
factors. 

(b) Interim products may take the 
form of summaries of integrated support re- 
quirements. The summary extracts provide vis- 
ibility to the important resource requirements 
and availability parameter achievements of the 
system  design.   Summaries are retrieved   as 

needed whenever such visibility is required ?or 
program review, support planning, or further 
analysis. Analysis summaries generally are not 
considered to be deliverable data items in the 
contract. Their use is internal to the mainte- 
nance engineering function for review and 
analytical purposes, and their generation re- 
quires only the automatic data processing of 
existing analysis data.  Typical applications of 
logistic support analysis data system summaries 
are: 

1. For periodic assessment of 
support impacts as required to determine 
adherence to the design to support requirements 
of the contract. 

2. To display logistic resource 
requirements for assignment to the work break- 
down structure, and to determine further pro- 
gram funding, inputs to life cycle costing stud- 
ies, etc. 

3. For evaluation of analysis 
efforts by Government integrated logistic sup- 
port teams. These summaries are reviewed by 
the teams as an indication of areas covered by 
the analysis effort and to assist in locating 
areas that require a more thorough review of 
detailed maintenance data. 

4.. For support planning. 
These summaries provide an excellent means 
of communicating logistic requirements to the 
support elements. 

5. To consolidate selected data 
for further analysis. Many maintenance engi- 
neering decisions associated with the devel- 
opment of support requirements are made after 
initial analysis of the equipment design has 
been made. Logistic resources identified in the 
initial analysis worksheets, once summarized, 
facilitate follow-on decisions concerning equip- 
ment standardization, maintenance factor deter- 
mination, stockage and allowance quantities, es- 
tablishment of part kits, determination of sup- 
port equipment utilization and allowances, etc. 

(c) Final outputs of the data sys- 
tem are the logistic data specified in the con- 
tract data requirements list. 

g. Identification of Maintenance Resources. 
Maintenance  engineering analysis determines 

the maintenance resources required to support 
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a proposed design configuration. The extent of 
identification depends upon the magnitude and 
complexity of the materiel and the phase of 
the acquisition cycle. As materiel development 
progresses and a basic design configuration is 
established, the identification becomes a process 
of analyzing specific design data to identify 
more completely detailed support subsystem re- 
quirements. This portion of the maintenance en- 
gineering analysis studies and completely de- 
fines the requirements for maintenance plan- 
ning and support resources as described in the 
following subparagraphs: 

(V)Maintenance Planning. For main- 
tenance planning purposes, the maintenance re- 
quirements of the system are delineated in a 
manner such that they form the guideline for 
tracking support element activities. Initially, 
maintenance engineering analysis strives to es- 
tablish the concepts and goals that the devel- 
opment program must achieve in regard to the 
maintenance characteristics of the system. 
Throughout conceptual and detailed design, the 
analysis documentation keeps pace with and re- 
flects the current state of proposed maintenance 
for the system. This is done by describing, to 
increasingly lower indenture levels, the type of 
maintenance and support required by the sys- 
tem design. Data required from logistic support 
analysis for the maintenance plan include 
reliability and maintainability parameters and 
requirements, maintenance concepts, descrip- 
tions of maintenance organizations, correlation 
of maintenance tasks to maintenance units, task 
time, maintenance standards, maintenance re- 
pair limits, and facility requirements. 

(2) Supply Support. Maintenance engi- 
neering analysis identifies all the system re- 
quirements for supply support. The delivery and 
positioning of materials for operational support 
are addressed, and the impact upon supply fa- 
cilities, equipment, personnel, and procedures 
are evaluated for the system support approach- 
es under consideration. Data resulting from the 
analyses for supply include the following: com- 
plete spares and repair part provisioning data 
containing identification, consumption, and us- 
age rates, stockage and allowances, and source, 
maintenance, and recoverability coding. 

(3) Technical Data. Maintenance engi- 
neering analysis provides the data necessary for 

the preparation of technical data. The analysis 
considers the ultimate technical manual re- 
quirements as soon as practical in the acquisi- 
tion cycle to make timely plans for the formula- 
tion and validation of technical data. Delivery 
of technical data is paced by the actual design, 
and close liaison is maintained within the de- 
sign activity to implement timely procurement. 
The scope of the technical data encompasses 
the total materiel program, and the impact on 
technical data of engineering change proposals 
and design changes is determined, with appro- 
priate revisions made to maintain currency. 
Data resulting from analysis for technical data 
include complete identification of data required, 
technical manual size, page requirements, data 
presentation media, number and type of illus- 
trations required, criteria for including subsys- 
tem elements into single documents, and 
criteria for combining several maintenance or- 
ganizational data requirements into single docu- 
ments. 

(4) Facilities. Maintenance engineer- 
ing analysis identifies all the facilities required 
to support materiel throughout system testing, 
training, operation, and maintenance. Prelim- 
inary information is developed during the con- 
ceptual phase and is further refined so that 
final facility planning may be accomplished by 
the end of the full-scale development phase. 
Changes and improvements in materiel design 
are reflected in the facility requirements. The 
facility items identified are cross-referenced 
with specific maintenance requirements. Real- 
istic scheduling makes optimum use of facilities 
and at the same time permits performance of 
the maintenance functions in a timely manner. 
Data resulting from analysis associated with fa- 
cilities include facility identification and de- 
scription, capital investment requirements, fa- 
cility design criteria, facility costs, leadtime, 
and any special considerations. Facility consid- 
erations include requirements for mobile, port- 
able, and/or air transportable vans, mobile 
maintenance facilities and/or shop, and supply 
or storage containers as operational, mainte- 
nance, and support concepts dictate. 

(5)Support and Test Equip- 
ment. Maintenance engineering analysis pro- 
vides a comprehensive identification of the sup- 
port and test equipment required at all levels 
of repair.   During  program   initiation,   usable 
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existing equipment is identified so that min- 
imum peculiar equipment is developed. A major 
constraint on support and test equipment re- 
quirements is a standardization program that 
requires optimum use of existing equipment, 
modified existing equipment, and commercial 
equipment before the development of new 
equipment. This should take into consideration 
the possible modification of any existing equip- 
ment to suit the needs of a specialized require- 
ment. The primary sources of input to deter- 
mine the equipment needs are repair level stud- 
ies from which the repair level, discard level, 
and maintenance concept are formulated. Data 
resulting from analysis associated with support 
and test equipment include complete equipment 
identification, maintenance level required, 
quantity of equipment required per 
unit/operating location, equipment function and 
capability, technical manual requirements, 
logistic requirements, measurement require- 
ments, calibration requirements, equipment 
specifications, and special requirements. 

(6) Transportation and Han- 
dling. Maintenance engineering analysis defines 
the transportation and handling requirements, 
including packaging and storage considerations, 
necessary for the support of the sys- 
tem/equipment. The procuring activity specifies 
the appropriate specification or standard to fol- 
low in establishing these requirements. The re- 
quirements are refined continually as the design 
evolves during full-scale development. This area 
of the analysis provides enough design feedback 
to insure that the basic materiel, support equip- 
ment, repair parts, etc., are designed to be com- 
patible with available modes of transportation 
and handling equipment. Special transportation 
considerations, such as in-transit storage, 
security, guards, customs procedures, vehicles, 
and routing, are defined. Data resulting from 
analysis required for transportation and han- 
dling include transportation modes and times, 
container requirements and codes, packaging re- 
quirements, preservation requirements, and spe- 
cial transportation considerations. 

(7) P e r s o n n e I and Train- 
ing. Maintenance engineering analysis defines 
the personnel, training, and training 'aids re- 
quired for support of the materiel. Coordination 
is maintained with the cognizant design activ- 
ities so that improvements and changes can be 
reflected   in the  personnel  and training plan. 

Analysis provides identification of the necessary 
actions to provide trained operators and support 
and instructor personnel, and defines proficien- 
cy requirements in these skills at all organi- 
zational levels as defined by the procuring ac- 
tivity for all systems, installations, components, 
equipment, and related support items. Data 
resulting from analysis for personnel and train- 
ing requirements include personnel quantities, 
skill levels, skill specialization, man-hours, 
training, training procedures, and training aids. 

5-3.1   LOGISTIC SUPPORT ANALYSIS INPUT DATA 
SHEETS 

The purpose of the logistic support 
analysis data system is to provide a stand- 
ardized medium for systematically recording, 
processing, storing, and reporting data during 
maintenance engineering analysis. The data sys- 
tem is developed as the single source of 
validated, integrated, design related logistic 
data pertaining to an acquisition program. 

Formal data are maintained only for those- 
items determined to be subject to maintenance 
or operational actions, unless otherwise spec- 
ified by the procuring activity. The detailed re- 
quirements for the logistic support analysis 
data are tailored by the procuring activity to 
suit the specific characteristics of the materiel. 
The magnitude, scope, and level of detail must 
be consistent with the stage of development; 
namely, parametric in the conceptual phase 
versus detailed in the development and produc- 
tion phases. The range and depth of the main- 
tenance engineering analysis tasks for con- 
tractors are defined by the procuring activity. 

The content and use of the input main- 
tenance engineering data sheets are summariz- 
ed in the paragraphs that follow. The logistic 
support analysis data system is adaptable to 
either manual operation or automated data pro- 
cessing techniques; for this reason, the struc- 
ture of the data sheets takes into consideration 
the requirements for data processing. Inasmuch 
as the data content of the data system is de- 
fined by the content of the individual data 
sheets, the discussion that follows pertaining 
to data sheet content will be useful in gaining 
an exposure to the data available within the 
data system. The use of the data sheets is il- 
lustrated in Table 5-1. 
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TABLE 5-1.   LOGISTIC SUPPORT ANALYSIS INPUT DATA SHEET UTILIZATION 

DATA SHEETS                        A B C D E F G H 

SYSTEM                                                  X X X X • • • X 

SUBSYSTEM X X X • • X 

LOWEST REPAIRABLE ASSEMBLY X X X X 

PART X 

X-= Data sheet normally required. 
• = Data sheet dependent upon program requirements. 

LEGEND: 
A   =   OPERATIONS AND MAINTENANCE RE- 

QUIREMENTS 
ITEM R&M CHARACTERISTICS 
TASK ANALYSIS SUMMARY 
MAINTENANCE TASK ANALYSES 
SUPPORT AND TEST EQUIPMENT OR 
TRAINING MATERIAL DESCRIPTION AND 
JUSTIFICATION 
FACILITY DESCRIPTION AND JUSTIFICA- 
TION 
SKILL EVALUATION AND JUSTIFICATION 
SUPPLY SUPPORT REQUIREMENTS 

B 
C 
D 
E 

G 
El 

5-3.1.1   Synopsis of Data Sheets 

The contents and format of the data sheets 
are such that: 

a. The data sheets provide data and infor- 
mation for preparing publications and mainte- 
nance procedures, tool selection, task and skill 
analyses, maintenance allocation charts, special 
kit requirements, repair part selection, etc. 

b. Data that can be machine processed are 
entered into machine records. Narrative-type 
data are microfilmed and filed in a repository, 
the location of which is identified in the ma- 
chine records for ready retrieval purposes. 

c. To provide for both manual and 
automated data processing applications, uni- 
form control fields and standard header fields 
have been incorporated on the top section of 
each data sheet. 

d. The data element definitions (DED) are 
grouped alphabetically and are referenced by 
a sequential number. The instructions for com- 
pleting each data sheet are addressed by card 

and block instruction that has a standard head- 
er as follows: 

Card   Number   — Block   Number   - Title 

 Related DED 

Number  Data Field Length Type of Character. 

EXAMPLE:   Card A01;  BLK   1: Functional Group Code; DED 
No. 041: 11X: 

5-3.1.2  Operationand Maintenance Requirements 
(Data Sheet A) 

Data sheet A is structured to display a 
consolidated picture of operation and mainte- 
nance requirements affecting the design engi- 
neer, logistician, maintenance man, and oper- 
ational planner. The purpose of the end item 
maintenance requirement summary is to con- 
solidate the pertinent data relating to the en- 
vironment in which the system will be main- 
tained, the anticipated operation of the system, 
and the allocation of maintenance requirements 
imposed on the system. 

The data required for completion of data 
sheet A are generated prior to full-scale de- 
velopment.  These data originate either from 
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Government planning activities, or from the 
performance of contractor feasibility studies. 
Normally, these data entries are made by the 
Government and supplied to the contractor. 
Data sheet A is prepared for the end item and 
the major subsystems to the functional level 
for which maintenance requirements have been 
established. This data sheet contains such data 
as: 

a. Annual operating requirements: the 
estimated or required yearly usage amount 

b. Annual number of missions: the spec- 
ified or estimated number of missions per- 
formed annually 

c. Annual operating days: the average 
number of days per year that a mission demand 
will be placed on an item 

d. Mean mission duration: the average 
length of mission 

e. Maintenance requirements: the data ele- 
ments to specify the maintenance requirements 
by maintenance level as follows: 

(1) Organizational level maintenance 
(2) Intermediate/direct support main- 

tenance 
(3) Intermediate/general support 

maintenance 
(4) Depot maintenance. 

/ System/end item availability as follows: 
(l)Mean time to repair: the sum of 

the corrective maintenance elapsed times divid- 
ed by the total number of unscheduled main- 
tenance actions during a given period of time 

(2) Mean time between failures: the 
sum of the functioning life of a population of 
an item divided by the total number of failures 
within the population during the measured 
intervals 

(3) Availability: the degree (expressed 
as a probability) to which an item is in the 
operable and committable state at the start of 
the mission, when the mission is called for at 
an unknown (random) point in time. 

(4) Mean active maintenance down- 
time: the mean active downtime for a given 
interval 

(5) Mean time between maintenance 
actions: the mean time between actions for a 
given interval. 

5-3.1.3  Reliabilityand Maintainability 
Characteristics(Data Sheet B) 

Data sheet B serves a key role in the main- 
tenance engineering analysis process. It is one 
of the basic entry points for data produced by 
the coincident reliability and maintainability 
programs. The three basic types of data record- 
ed are failure data associated with the hard- 
ware components of the system/equipment, in- 
cluding failure modes, frequency, and effects; 
maintainability review data pertinent to the de- 
sign program; and the detailed maintenance 
concept for the item under analysis. 

During the validation phase, a data sheet 
B is prepared for each item down to an in- 
denture level that gives sufficient detail for the 
bidder to propose numerical maintainability re- 
quirements as contractual goals. The main- 
tainability considerations contained on data 
sheet B are a guide for evaluating individual 
design features. The maintainability review 
data are developed as a result of maintainabili- 
ty requirement analyses that usually are con- 
ducted primarily by maintainability engineer- 
ing. Usually, the specific quantitative require- 
ments for maintainability are not easily deter- 
mined from a cursory review of the system op- 
erational requirements. The requirements may 
be inextricably tied to or governed by other sys- 
tem effectiveness parameters and, as such, a 
number of iterative trade-offs are required to 
derive the requirements. 

The maintainability requirements derived 
should be those that "optimally" balance the 
requirements with respect to other system ef- 
fectiveness parameters, operational factors, and 
logistic requirements. 

The development of failure data and fail- 
ure mode and effect information is normally 
the responsibility of the design activity or 
reliability support group. However, if not 
provided, the failure mode and effect analysis 
may be performed by the maintenance engineer 
using procedures outlined in reliability and en- 
gineering handbooks. These procedures are used 
to identify and quantify the critical failure 
modes inherent in the design. These critical fail- 
ure modes are defined as those resulting in an 
inoperative system, an unsafe operating or 
maintenance condition, or an aborted mission. 
A failure mode and effect analysis of the design 
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studies the way in which all possible failures 
occur, and the attributable causes. The failure 
effect data are used to form the basis for de- 
velopment of the fault isolation flows used in 
the task analysis effort. 

The task analysis effort is performed to 
identify maintenance support resources. The 
failure data recorded on sheet B provide a subs- 
tantial start in determining the required main- 
tenance task and frequency. 

The failure mode effect analysis provides 
the analytical basis for design guidance in cir- 
cumventing or minimizing the effects of critical 
failures. 

The maintenance concept describes the 
maintenance approach envisioned for the item 
and establishes a baseline for life cycle costing. 
Usually, the operational requirement will have 
been defined for some preconceived system sup- 
port environment. Whether the basic criteria 
are explicitly defined or only implied by the 
operational requirement, a system support plan 
and maintenance concept must be evolved to 
provide the practical basis for design, layout, 
and packaging of the system and its test equip- 
ment. The maintenance concept also establishes 
the scope of maintenance responsibility for each 
level of maintenance and identifies the person- 
nel resources (maintenance manning and skill 
levels) required to maintain the system. Be- 
cause of organizational separation of main- 
tainability engineering and maintenance plan- 
ning functions, the respective objectives of 
these two functions usually are pursued inde- 
pendently of each other and are made mutually 
compatible in the trade-off studies that follow. 
The recommended procedure, however, is to es- 
tablish close liaision between the two functions 
at the outset to facilitate mutual interchange 
of maintainability analysis data and mainte- 
nance planning data during the maintenance 
concept formulation phase. 

During the full-scale development phase, 
the B sheets provide for continued monitoring 
of design by day-to-day reviews. The design im- 
pact related to maintenance parameters is noted 
and the maintenance plan updated and 
definitized accordingly. In this phase, additional 
data sheets are completed for lower indenture 
levels of the system, to include each repairable 
item. Data sheet B should be microfilmed and 

filed  in  a data bank  associated   with  the 
automated logistic support analysis data bank. 

Data sheet B contains such data as: 

a. Mean time between failures 

b. Mean time to repair 

c. Mean time between maintenance actions 

d. Maintainability information to serve as 
a guide for individual design features and as 
a basis for initial quantitative maintainability 
predictions 

e. Maintenance concept impact informa- 
tion that indicates whether or not spe- 
cial/peculiar support/test equipment, spe- 
cial/peculiar tools, or additional/special facil- 
ities are required for the performance of main- 
tenance 

f. Failure analysis information that in- 
cludes failure modes, failure symptoms, failure 
effect and criticality, percentage of failure rate, 
repair time, task code 

g. Item function information that describes 
the function of the item in sufficient depth to 
indicate clearly the function, specifications, and 
tolerance 

h. Qualitative maintainability design re- 
quirements.such as fail-safe requirements, en- 
vironmental requirements, etc. 

i. A concise and clear statement of the 
maintenance and support concept for the item.. 
The planned or envisioned method that will be 
used to sustain the systems/equipment at a de- 
fined level of readiness or in a specified con- 
dition in support of the operational require- 
ments 

j. Remarks: amplifying remarks when any 
maintainability considerations are listed as "not 
adequate", or maintainability recommendations 
for consideration and justification of the cur- 
rent maintenance concept. 

5-3.1.4  Task Analysis Summary (Data Sheet C) 

Data sheet C identifies all maintenance 
and operator tasks and their related resource 
requirements; e.g., skill specialty codes, person- 
nel requirements, task times, and support and 
test equipment. The coincident maintainability 
and human engineering programs provide data 
sources. 
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Data entered on data sheet C have two 
primary functions: to provide a sound basis for 
recommending changes to the configuration or 
design approach when supportability is 
marginal or unsatisfactory; and when the re- 
quirement for a particular maintenance or op- 
erator function is justified, to provide data for 
planning logistic support. Data are developed 
to the indenture level for which the reliability 
and maintainability characteristics have been 
identified (data sheet B). When alternate main- 
tenance approaches are identified, a separate 
task analysis summary may be prepared for 
each approach. During full-scale development, 
data sheet C is completed for significant main- 
tenance and operator tasks on each repairable 
item. 

Data sheet C contains such data as: 

a. Task code components: 

(l)Task function: the applicable task 
function (e.g., inspect, test, repair, etc.) 

(2) Task interval: the applicable task 
interval (e.g., scheduled, unscheduled, weekly, 
etc.) 

(3) Maintenance level category code: 
the code for maintenance level (e.g., organiza- 
tional, direct support, etc.). 

(4) Operability code: the code of the 
operating condition of the item during the task 
function 

(5) Task sequence code: the code for 
all similar tasks. 

b. Task frequency: the annual occurrences 
based on the annual system operating require- 
ments. It is used to compute the frequency of 
all tasks identified with the end item. 

c. Elapsed time: the total elapsed time re- 
quired to perform the task for allocated times, 
predicted times, and measured times: 

(1) Allocated: the time allocated for 
the task which must be met in order to attain 
the overall maintenance requirement goals. 

(2) Predicted: the predicted task time. 
During the detailed design and development 
stage, this prediction is substantiated by a task 
analysis (data sheet D). During early design, 
the time prediction may be based upon an over- 
all evaluation of required task without carrying 
analysis to the detail required on data sheet 
D. 

(3) Measured: the task time measured 
during performance of the actual task. 

d. Pilot rework/overhaul candidate: the 
code that indicates whether or not the item is 
a candidate for an overhaul process analysis. 

e. Skill level, skill specialty, and skill spe- 
cialty evaluation: the skill level code required, 
skill specialty code of the service, and skill spe- 
cialty evaluation of knowledge required to ac- 
complish each maintenance action or other op- 
erational task. 

/ Number of men per task and man-hours: 
the number of men required for a task and 
the hours allocated, predicted, and measured for 
each task. 

g. Facility requirement code: the code that 
denotes whether or not a facility requirement 
exists. Data sheet F must be prepared to de- 
scribe and justify requirements. 

h. Training equipment requirements: the 
code that denotes whether or not training equip- 
ment is required to perform the task. Data 
sheet E must be prepared to describe and 
justifvxequirements. 

i. support equipment requirements: the 
code that denotes the need for and identifies 
the type of support equipment required. Data 
sheet E must be prepared to describe and 
justify requirements. 

j. Tool requirement: the code that denotes 
the special tool or common tool requirement. 
Pf a special tool is indicated, data sheet E must 
be prepared to describe and justify the special 
tool. 

5-3.1.5  Maintenance Task Analysis (Data Sheet D) 

Data sheet D is completed for each task 
code assigned on data sheet C. Data sheet D 
describes how each maintenance and operator 
task is to be performed in terms of other related 
logistic support elements, and explains the tasks 
entered on data sheet C, provides descriptive 
information for development of technical man- 
uals and other equipment publications, provides 
source information for personnel and training 
requirements, and identifies common tools, re- 
pair parts, and materiel necessary for the main- 
tenance task. 

Data sheet D contains such data as: 

a.  Task code: identified on data sheet C 
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b. Task identification: a brief descriptive 
title of the function to be performed in the task 
(e.g., replace brake assembly) 

c. Safety hazard code: the code that iden- 
tifies any,-FeSl~or potential safety hazard that 
may exist during performance of the task 

d. Sequence line number: the number that 
identifies the sequence of steps required (e.g., 
alignment or disassembly) 

e. Work jtfeliT^the work,, area where the 
task is to be performed 

/ All tools, material, and parts used dur- 
ing performance of the task 

g. Total elapsed time and man-hours for 
the task. 

5-3.1.6  Support and Test Equipmentor Training 
Material Descriptionand Justification 
(Data Sheet E) 

Data sheet E describes and justifies the 
requirements for support or training equipment 
and special tools that are necessary to support 
the materiel. This information is necessary to 
provide the Government proponent for support 
equipment and tools the necessary information 
for evaluating proposals to introduce new items 
of equipment into the Government inventory. 
The data sheet also is used for evaluation of 
proposed items of training equipment. Special 
(peculiar) tools are assigned the data sheet con- 
trol number of the materiel generating the re- 
quirement for the special tool. This information 
is listed on data sheet D under "Item Usage". 

During the validation phase, data sheet E 
is prepared to the level of end item or system 
definition available and is revised and updated 
during full-scale development. Additional data 
sheets are prepared covering requirements de- 
termined subsequent to validation. Data sheet 
E is microfilmed and filed in a data bank as- 
sociated with the automated maintenance en- 
gineering analysis data bank. 

Data sheet E contains data such as: 

a. Type item: specifies that the item is 
support equipment, a special tool, or training 
equipment, and that it is contractor furnished 
equipment or Government furnished equipment 

b. Operating dimensions and weight: the 
length, width, height, and weight of the item 
in its operating condition 

c. Storage dimensions and weight: the item 
considered in its packing or storage status 

d. Procurement method: the recommended 
procurement method, the cost of development 
and other nonrecurring costs, the recurring 
costs, the total quantity recommended, and the 
extended unit price 

e. Requirements: the task requirements 
that indicate the need for the support equip- 
ment, special tool, or training equipment 

/ Description and function: the narrative 
description of the type of item and the func- 
tions it will be required to perform 

g. Characteristics: the design and oper- 
ational factors of the proposed item that affect 
maintainability and reliability, such as built-in 
test equipment, redundancy, backup system, 
mean time between failures, and mean time to 
repair 

h. Additional skill requirements: the train- 
ing or skills required to operate and maintain 
the proposed item 

i. Installation factors: the vibration and 
shock mounting requirements, special founda- 
tions, utility connections, input, and limiting 
environmental factors that influence the install- 
ation of the item, and any equipment necessary 
to install the item (e.g., cranes, hoists, etc.). 

5-3.1.7  Facility Descriptionand Justification (Data 
Sheet F) 

Data sheet F describes and justifies the 
requirements for all facilities necessary to sup- 
port the system/equipment. This information is 
required for each task on data sheet C for 
which facilities are required. Data sheet F pro- 
vides facility design personnel with the tech- 
nical requirements that the system/equipment 
places on the support facility. 

Facility requirements encompass all facil- 
ity references from task descriptions on data 
sheet D. Location and quantity of facilities are 
identified by maintenance level. 

Data sheet F contains data such as: 

a. Task code: the task code that specifies 
a requirement for facility space 

b. Facility requirements: a narrative de- 
scription of the facility requirements that will 
encompass all the descriptive facility references 
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from the task description on data sheet D. Spec- 
ifies location and quantity of facilities required 
by maintenance level. 

c. Facility design criteria: the require- 
ments for items to be installed within the fa- 
cility, turning space, clean-room, ventilation, 
etc. 

d. Facility installation leadtimes: install- 
ation leadtime for the contractor to produce and 
install support equipment, or for training equip- 
ment installation and use. Reference leadtimes 
to system equipment delivery dates rather than 
to calendar dates. 

e. Type of construction: construction type 
required if different from the type normally 
provided. Includes any special construction, 
such as shock, hardness, and special floor loads. 

/  Utility  requirements:   the  summary  or 
estimate of the total connected load or gross 
quantity of utilities required. Utilities are class- 
ed as power, hydraulic, compressed air, water, 

9    or sewage. 

g. Facility utilization: the facility utiliza- 
tion rate in terms of number of tasks performed 
in facility annually, training sessions, flying 
hours per month, number of maintenance hours 
per month, and other appropriate designators 
identified with the systems. 

h. Facility unit cost: comment on reason- 
ableness of the appropriate unit cost in terms 
of differences because of unusual utility re- 
quirements or other special features. If no suit- 
able unit cost is available, a unit cost estimate 
is provided for each facility item. 

/". Justification: the reasons and factors 
that contribute to the requirement for addition- 
al facilities other than those in current in- 
ventory. 

j. Standard facility plan(s) or single-line 
sketches: a rough sketch of the facility require- 
ments of the system, or a standard for the fa- 
cility. 

5-3.1.8 Skill Evaluation and Justification (Data 
Sheet G) 

Data sheet G describes and justifies any 
new or unique personnel skills required to sup- 
port the systemlequipment. These data are re- 

quired for each task on data sheet C which 
identifies a skill that is not currently included 
in the military service's personnel skill struc- 
ture, or a skill that requires modification. These 
data provide general information and justifica- 
tion for identifying and selecting MOS's from 
which personnel may be obtained for those duty 
positions requiring a new or revised MOS. 

Data sheet G should be begun in sufficient 
time to provide source data for the draft qual- 
itative and quantitative personnel requirement 
information. This sheet will then be updated 
to include all changes in the final qualitative 
and quantitative personnel requirement infor- 
mation. 

Data sheet G contains data such as: 

a. Duty position requiring a new or revised 
skill is identified and a new or proposed skill 
is indicated (e.g., sonar operator or demolition 
expert). 

b. Skill speciality code: when a new code 
has been assigned, it is entered to indicate that 
the requirement has been fulfilled. 

c. Armed Forces qualification test per- 
centile score: the minimum score deemed nec- 
essary to qualify the candidate for required 
training 

d. Security classification code: the min- 
imum degree of security classification the can- 
didate would require to undertake training 

e. Recommended rank/rate/grade: the 
grade of civilian (Civil Service) recommended 
for specified training. The minimum military 
rank or rate required to undertake the training 
for the skill requirement. 

/ Task code: the task code that generates 
the requirement for additional training 

g. Additional skill requirements: a descrip- 
tion of the additional requirements that neces- 
sitate the creation of a new skill specialty code 

h. Physical and mental requirements: any 
special knowledges, skills, abilities, or physical 
and mental requirements necessary for the new 
or revised skill specialty code 

/. Educational qualifications: any addition- 
al qualifications, such as academic subjects, 
specialized degrees, or licenses, required for the 
new or revised skill specialty code 
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j. Justification: the reasons and factors 
that contribute to the requirements for addi- 
tional skill and training for the sys- 
tem/equipment operation or maintenance 

k. Additional training requirements: a nar- 
rative description of the training course(s) nec- 
essary and the estimated length of course, 
hours of instruction, recommended sites, and 
prerequisites for training instructors. 

5-3.1.9  Supply Support Requirements(Data Sheet 
H) 

Data sheet H identifies the items of supply 
support required to operate and maintain the 
system/equipment. 

Data sheet H contains data such as: 

a. Time between overhauls: the time period 
after which the item is to be overhauled, ex- 
pressed in months 

b. Maximum allowable operating time: 
time between calibration, inspect, repair, test, 
or condemn 

c. Task function: the action to be per- 
formed for maximum allowable operating time 
after operating time period 

d. Turnaround time (contractor): the 
estimated number of days required by the con- 
tractor to ready an item for reissue 

e. Quantity per system/end items: the to- 
tal quantity per assembly 

/ Phased provisioning: determination of 
whether or not phased provisioning is required 

g. Source, maintenance, and recoverability 
code 

h. Production leadtime: the time in months 
between ordering of the item and receipt of the 
item 

i. Type item code: the code best describing 
the item for which the data sheet is being com- 
pleted 

j. Shelf life code: the code that specifies 
when the item will be considered unusable due 
to age or deterioration 

k. Usable on code: the code that identifies 
the assemblies, systems, or end items on which 
the item can be installed 

1. Total quantity recommended: the total 
recommended quantity to be purchased to sup- 
port all applications within the end item 

m. Allowance qua'ntity for organiza- 
tional/direct/general/depot level: allowance 
quantity as determined by computing method 
furnished by using activity 

n. Failure factors: the replacement factors 
or quantities for various levels of maintenance, 
including information such as maintenance re- 
placement rate or depot overhaul factor 

o. Maintenance task distribution: the per- 
centage of repairable quantities received by 
maintenance levels that can be performed at 
the individual levels. 

5-3.2   Data Output Reports 

The data in the logistic support analysis 
data system are stored and used in whatever 
form is necessary in order to plan the support 
required by the materiel. Report format and 
content for internal use by the contractor's 
maintenance engineering and support element 
activities are tailored to meet the particular re- 
quirements. Some of the output reports are 
sample outputs from maintenance engineering 
analysis, and the format and contents can be 
varied depending on the user's requirements. 
Other reports are interim in nature and may 
be used to check system performance. 

Reports that are deliverable are prescribed 
on the contract data requirements list and sup- 
porting data item descriptions. The output re- 
ports may be generated manually for a minor 
acquisition or by automatic data processing for 
a more complicated procurement. The Army 
Materiel Command currently is planning the 
preparation of computer programs that will pro- 
vide the summary reports that follow. AMCP 
750-XX (Ref. 7) should be consulted, when 
formally published, to determine if report re- 
quirements have changed. 

a. Direct Annual Maintenance Man-hours 
by Skill Specialty Code and Category of Main- 
tenance. This report would be requested by the 
analyst interested in the annual man-hour re- 
quirements for each maintenance level, listed 
by skill specialty code. The data provide the 
skill specialty code and annual man-hours ex- 
pended, and further break down the man-hours 
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to the level of repair at which the annual man- 
hours are expended. 

b. Personnel and Skill Summary. The 
analyst would request the skill specialty code 
for all operators and maintenance personnel by 
system. The data are presented by skill spe- 
cialty code and the data sheet control number 
to the repairable assembly by sorting to the 
skill level code and identifying the repairable 
assembly by the data sheet control number. The 
task code identifies the maintenance level, func- 
tion, and interval of the task and specifies the 
operating status of the materiel. The task fre- 
quency identifies how often the task will be 
performed to establish the annual man-hours. 
The skill specialty evaluation defines the re- 
quirement for additional training and the re- 
quirement for a'new skill specialty code. Each 
task is segregated to the maintenance level by 
man-hours and to total annual man-hours by 
work breakdown structure for each skill spe- 
cialty code. The report can be used to determine 
the time required and the number of personnel 
by skill to perform each task. 

c. Reliability and Maintainability Sum- 
mary. The analyst would request the reliability, 
maintainability, and availability factors for the 
system or assembly, and the maintainability 
concepts and considerations. 

The report is identified by the end item 
code to the program level. The data sheet con- 
trol number is for the system or assembly level 
specified by the user, or it can be specified 
in a report for each assembly within the 
materiel. The reliability factors (mean time be- 
tween failures and mean time between main- 
tenance actions) are derived from the values 
specified for allocated, predicted, and/or meas- 
ured reliability. The maintainability factors 
(mean time to repair and mean active main- 
tenance downtime) are defined in the same 
manner as the reliability factors. The avail- 
ability factors (availability inherent and avail- 
ability achieved) are derived from the reliability 
and maintainability factors. The maximum al- 
lowable operating time is the period of time 
between calibration, replacement, etc., and the 
task function code defines the action to be taken 
after completion of the time specified'in the 
maximum allowable operating time. The time 
between  overhauls is the time between over- 

hauls or rework and is provided to identify how 
the unit can be protected from failure by over- 
hauling or reworking before failure. A narrative 
,section provides the overall description (under 
"Item Function") of the item and how the item 
will be maintained. 

The report summarizes the failure infor- 
mation, repair time, availability, service life, 
function, and maintenance concept for each re- 
pairable item. The summary can be used to 
evaluate the function and reliability of each 
item within the materiel. 

d. Preliminary Maintenance Allocation 
Chart. The analyst would request the lowest 
level of maintenance for each task to be per- 
formed on an assembly. 

The columns of the report are the indi- 
vidual maintenance functions as defined in the 
first digit of the task code. The lowest main- 
tenance level category code is entered against 
each of these functions by data sheet control 
number, and the man-hours expended on the 
task are listed under each function. The header 
for the report identifies the end item and the 
date on which the report was prepared. 

The report summarizes the distribution of 
tasks by function and maintenance level, and 
shows the tasks assigned to each level of main- 
tenance and the functions performed. The re- 
port is required for writing the maintenance 
manuals and provides data from which the 
maintenance allocation chart may be extracted. 

e. Support Equipment Utilization Sum- 
mary. The analyst would request a summary 
by individual type support equipment (or train- 
ing equipment), requesting its utilization and 
the value of .the item being repaired (in the 
case of support equipment). 

The header identifies the end item, the end 
item work breakdown structure, and the using 
service. The support equipment part number, 
name, price, and procurement method are iden- 
tified to provide a comparison of different man- 
ufacturers of the same type of support equip- 
ment. 

The use of the proposed or selected support 
equipment is outlined by the assigned main- 
tenance level and the tasks it will be required 
to perform. The cost of the item being repaired 
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by the support equipment is given so that the 
expense of the support equipment can be com- 
pared with the value of the item being repaired. 

The report summarizes, by type of support 
equipment, the use of the equipment by main- 
tenance level and work breakdown structure. 
The use of the equipment is referenced to the 
cost of the item being repaired. The report can 
be used to justify the requirements for support 
equipment and to determine the quantity and 
distribution requirements. 

./.' Tool and Equipment Requirements. The 
analyst would request a listing of all tools re- 
quired to support a system or end item by the 
skill specialty code. A second requirement 
would be for a special tool list by system or 
end item. The report generates a listing of all 
tools, both common and special, needed to ac- 
complish the maintenance and operation tasks. 
The report provides the tools by skill specialty 
code, part number, stock number, tool name, 
price, description, and function. 

g. Repair Part Summary. The analyst 
would request the information necessary to per- 
form the provisioning function for a system/end 
item/repairable item and part. The report pro- 
vides the time between overhauls, task function, 
and shelf life of the part for determining the 
maintenance cycle. The part is identified by 
manufacturer's part number, item name, ref- 
erence number, and manufacturer. The quantity 
and price of the item are given, and the re- 
placement factors are given as failure factors. 
Failure factors can be substituted for the main- 
tenance and overhaul factors. The report is de- 
signed to provide the information necessary to 
perform provisioning and to establish allowance 
list requirements. 

h. Support Equipment Requirements by 
Category of Maintenance. The analyst would re- 
quest the functional requirements of the sup- 
port equipment or training equipment by data 
sheet control number. 

The report provides by maintenance level 
the functions to be performed by the support 
equipment or training equipment. The task fre- 
quency and elapsed time provide the use of sup- 
port equipment, and establish the quantity re- 
quired. The data provide the capability require- 
ment  of the   support  equipment  or training 

equipment and provide the information required 
to make a decision when competitive items of 
support equipment are being considered. 

The report summarizes how and where the 
support equipment will be used at the various 
levels of maintenance. The report provides the 
requirements, quantity, and justification for the 
acquisition of support and training equipment. 

/'. Organizational Repair Part and Special 
Tool List. The analyst would request a list of 
the repair parts and tools required at the or- 
ganizational level. The report provides a sum- 
mary of repair parts and special tools for each 
major subsystem; i.e., air frame, communica- 
tions, missile, etc. The report may be used as 
an interim repair part and special tool list prior 
to the operational phase. 

j. Direct Support, General Support, and 
Depot Repair Part and Special Tool List, The 
analyst would request a list of the repair parts 
and tools required at all maintenance levels 
above the organizational level. The report pro- 
vides a summary of repair parts and special 
tools required for each major subsystem at the 
direct and general support and depot mainte- 
nance levels. 

k. Provisioning Requirements. The analyst 
would request all available provisioning infor- 
mation. The report provides the total range of 
data available for initial provisioning and re- 
lated maintenance decisions. The data are used 
as an input to ALPHA for the generation of 
specific provisioning documentation. 

5-4 MAINTENANCE ENGNEERIMG 
INFLUENCE ON SUPPORT 

Maintenance engineering analysis exerts 
considerable influence on design decisions and, 
as a result, the ultimate cost of support. Great- 
er awareness of total life cycle cost implications 
is vital to sound decision making on the design 
and support alternatives developed through 
maintenance engineering analysis. Acquisition 
cost alone is not a sufficient measure of ef- 
fectiveness in view of the enormity of the sup- 
port costs during a materiel life cycle. 

Costs are the basic selection criterion for 
trade-offs relating to design and support. The 
costs associated with  each equipment design 
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alternative are computed, and the least costly 
alternative that provides the desired effec- 
tiveness'is selected. 

The costs generated during a materiel life 
cycle are composed of three major cost cate- 
gories: research and development, initial in- 
vestment, and operating and maintenance. The 
cost factors contributing to the three categories 
are shown in Fig. 5-6(A). 

Fig. 5-6(B) shows, in simplified form, the 
cost history of typical materiel. The costs for 
each of the three major cost categories are rep- 
resented by the areas  under the smoothed 
curves, typically displaying successive max- 
imums. It is the magnitude of the operating 
and maintenance costs, determined and fixed 
by decisions early in the life cycle, which 
challenges the maintenance engineer. 

Maintenance engineering analysis has a 
dual role in life cycle costing efforts. It in- 
fluences design, thereby affecting research and 
development and investment costs, and it de- 
fines the support subsystem, which also affects 
investment costs and almost completely deter- 
mines operating and maintenance costs. 

Among the factors influenced by mainte- 
nance engineering analysis are: 

a. Maintenance functions and tasks 

b. Piece part, modular, or throwaway de- 
sign 

c. Other design features 

d. Repair level 

e. Replacement unit 

/  Maintenance skills 

g.   Mean downtime 

h. Number of personnel (direct and in- 
direct) 

i   Range and quantity of repair parts 

j. Type and quantity of tools and test 
equipment 

k. Type and volume of technical manuals 

I.  Type and amount of training 

m. Type and amount of transportation 

17. Type and size of facilities 

o.   Contract maintenance 

p.  Technical assistance 

q. Technical data (other than formal tech- 
nical manuals) 

r. Initial and recurring supply manage- 
ment effort 

s. Amount of research and development ef- 
fort 

t. Amount and type of testing 

u. Amount and type (selection) of main- 
tenance float 

v.  Other management/analysis effort. 

These factors influence system design and 
support configurations and, as such, impact to- 
tal system cost. During the maintenance en~ 
gineenng analysis process, these factors must 
be reviewed to insure the selection of a con- 
figuration (alternative) that is effective and eco- 
nomical to operate and maintain. The purpose 
of the maintenance engineering analysis is to 
optimize and provide a more accurate determi- 
nation (quantitative and qualitative) of the 
logistic support requirements. 

Throughout development, cost analysis 
provides for review, evaluation, and reduction 
of cost information and for determination of 
cost/performance relationships. These rela- 
tionships and other cost factors applied with 
the information developed by maintenance en- 
gineering analysis permit the preparation of 
estimates that provide life cycle cost visibility 
to decision makers at all levels of the materiel 
development program. The maintenance engi- 
neer, in his role of decision maker, seeks to 
provide the required support effectiveness at 
the lowest cost burden. This cost-effectiveness 
optimization of the logistic support design is 
involved in every iterative application of main- 
tenance engineering analysis. This includes due 
consideration of total cost implications in trade- 
off analyses and in the selection of support 
resources. 

In order that the effectiveness of cost 
analysis be maintained, it is important that 
timely and accurate data be used. Every effort 
should be made to acquire sufficient data from 
actual surveillance of systems in an operational 
environment. If, however, adequate data of this 
type are not available, it may be necessary to 
resort to various estimating techniques. Many 
of the factors affecting the cost of developing, 
procuring, operating, and maintaining an item 
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are dynamic. Therefore, timely collection of in- 
put data is required if the cost analysis is to 
depict current conditions in the system. 

5-5 MAINTENANCE FACTORS (Ref. 6) 

The maintenance factor of a repair part 
is defined as the expected number of failures 
that will occur per year in a group of 100 end 
items containing the part. Failures that must 
be considered are those resulting from a defi- 
ciency in the inherent reliability of the repair, 
part (par. 3-34, as well as those resulting from 
the application of various K-factors (par. 3-34. 
As will be seen, K-factors in addition to those 
that have been previously discussed are applied 
in calculating maintenance factors, but the 
basic principles regarding K-factors versus in- 
herent reliability remain unchanged. 

The maintenance factor, because it is an 
indication of the expected number of failures 
for a repair part, plays a leading role in many 
areas of support planning. Its primary use is 
for provisioning. However, it is also a measure 
of the anticipated number of corrective main- 
tenance actions that will be performed and, 
therefore, impacts requirements for all support 
resources in addition to those that are 
provisioned. Remembering that materiel life cy- 
cle support costs comprise the greater part of 
materiel life cycle costs, it is apparent that 
maintenance factors in most cases are the sing- 
le greatest basic determinant of life cycle costs. 

Estimating a maintenance factor is an im- 
portant task, and procedures have been estab- 
lished with which to accomplish the estimates. 
However, none of the procedures yet devised 
can be used without a thorough understanding 
of the relationship of maintenance factors to 
other materiel parameters and the significance 
and source of K-factors. These subjects are dis- 
cussed prior to the presentation of estimating 
procedures. 

5-5.1   MAINTENANCE FACTOR APPLICATION 

Although the maintenance factor ex- 
periences the greatest amount of usage during 
initial provisioning, updated versions of the fac- 
tor are used during- the entire life cycle of an 
item for purposes of resupply. In initial 
provisioning, the maintenance factor is the key 
in determining the range and depth of repair 

part stockage. Also, repair level decisions are 
influenced by the maintenance factor, with an 
attempt to insure that the most frequently fail- 
ing items are easily repaired or replaced at the 
lowest possible repair level. This, in turn, in- 
fluences decisions concerning personnel, tool 
and test equipment requirements, and, con- 
sequently, affects training and publications. 

Several methods may be used to calculate 
maintenance factors. These generally can be 
categorized as the checklist method, math mod- 
eling, and automated modeling. 

5-5.1.1   Checklist 

A checklist is designed to help the analyst 
think systematically. The aim is to insure that 
areas which contribute to repair part failures 
are considered independently in the estimation 
process. The use of checklists insures that a 
maintenance factor represents the expected fail- 
ure rate under a given set of conditions; name- 
ly, a given deployment area, given combat con- 
ditions, etc. The result of using this approach 
is a maintenance factor tailored to the situation 
and conditions that the repair part will ex- 
perience in deployment, and not one average 
maintenance factor for some "worldwide" 
deployment situation. 

5-5.1.2  Math Modeling 

Math models, which are mathematical rep- 
resentations of real world situations, may be 
formulated and used to calculate maintenance 
factors. These are essentially mathematical pre- 
sentations of checklists. Used manually, these 
models have little advantage over checklists, 
but when programmed and used with a com- 
puter, they are powerful tools. 

The maintenance factors derived from 
checklists, math models, or other sources serve 
as inputs to other analytical and dynamic sim- 
ulation models. Most of these models concern 
themselves with determining the best placement 
or allocation of resources such as tools, test 
equipment, and personnel; as mentioned before, 
the maintenance factors play a leading role. The 
analyst, when allocating resources, usually has 
various objectives in mind pertaining to 
materiel operational and maintenance param- 
eters; i.e., operational availability, reliability, 
maintainability,  etc.  The  maintenance  factor, 

5-36 



AMCP  70G-132 

representing the failure rate of a repair part, 
is directly related to these parameters and, in 
fact, determines their expected values. A main- 
tenance factor "pulled out of the air" or simply 
not well established can have far-reaching and 
possibly disastrous effects on the complete sup- 
port profile of deployed materiel. 

Another area of great usage for mainte- 
nance factors in the math modeling area is life 
cycle cost analysis. A large portion of life cycle 
cost is in logistical and related expenses. In pre- 
dicting life cycle cost, the number of expected 
failures for all components and repair parts of 
a system must be estimated to obtain an idea 
of logistic requirements. Of course, all other 
aspects of support, including personnel, test 
equipment, etc., are contributors to the life cy- 
cle cost. These, as mentioned before, also are 
determined by the magnitude of the mainte- 
nance factor. 

5-5.1.3  Automated Modeling 

Automated modeling involves a general- 
purpose computer program for the calculation 
of maintenance factors. Once programmed, the 
computer will accept inputs in a prescribed for- 
mat, perform calculations, and provide answers. 
Inputs may be provided sequentially in a con- 
versational mode, or all at once in a batch 
mode. Such a computer program is described 
in AMCP 750-5 (Ref. 6). 

5-5.1.4 Advantages and Disadvantages of 
Estimating Methods 

None of the maintenance factor estimating 
methods is ideal for all applications. For max- 
imum effectiveness, it is necessary first to con- 
sider the task to be done and then to select 
the most appropriate method for the task. Gen- 
erally speaking, the method selected will depend 
upon the magnitude of the task to be accom- 
plished. 

The checklist method is time consuming 
and subject to calculating errors, but it does 
not require mathematical and computer 
programming skills and a computer. This 
method should be used when few items and 
very few iterations are involved. 

The development of math models is also 
time consuming, and little would be gained by 
developing math models for manual application 

unless an extremely great number of iterations 
is anticipated. However, when used in a com- 
puter, math models are very powerful tools that 
can reduce the risk of human error, as well 
as providing rapid answers. The most efficient 
math model to use in a computer would be one 
that provides for determination of maintenance 
factors and their subsequent use as dynamic 
simulation inputs. 

Automated modeling reduces the risk of 
human error, provides rapid answers, and, once 
the program is written, requires no subsequent 
programming. It is probably the most efficient 
estimating method of the three general types 
that have been discussed. 

5-5.2   RELATIONSHIPOF MAINTENANCE FACTOR 
TO OTHER SYSTEM PARAMETERS 

The maintenance factor of a repair part 
directly affects the availability and reliability 
of the part and the availability, reliability, and 
maintainability of the parent end item. The pre- 
dicted maintenance factor is therefore a very 
important system parameter and worthy of con- 
siderable attention. 

5-5.2.1   Relationshipto Failure Rate 

Failures of a repair part may be cate- 
gorized as burn-in, random, and wearout. A re- 
pair part usually is classified as a random fail- 
ure part or a wearout part. A random failure 
part is one that experiences a constant or near 
constant failure rate during its operational life, 
and a wearout part is one that experiences an 
increasing failure rate. Some repair parts ex- 
perience a decreasing failure rate early in their 
operational lives, but few sustain such a pat- 
tern. Therefore, parts usually are not classified 
as burn-in failure parts. 

At any point in the operational life of a 
repair part, the majority of failures of a repair 
part will be due to one of the three types of 
failures. The failure rate usually is considered 
to be a constant over a finite period of time 
representing a portion of the operational life 
of the part, and reflects the cumulative effect 
of all types of failures. The estimate of the 
failure rate will reflect the effects of the three 
types of failure in light of the usage that was 
anticipated at the estimation time. The failure 
rate that the repair part actually experiences 
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in operation in a particular deployment situ- 
ation may depart from this estimate significant- 
ly due to factors that were not considered dur- 
ing the prediction process. 

A maintenance factor is nothing more than, 
a failure rate defined on the basis of 100 end 
items for a time period of 1 year. Normally, 
a failure rate is defined on a per-item basis 
for a period of time. However, the failure rate 
of an item usually is intended to represent the 
inherent failure rate and does not take into ac- 
count any contributing factors such as usage, 
human error, and environmental effects. In oth- 
er words, anticipated failures due to burn-in, 
randomness, and/or wearout are considered the 
primary sources of failure. The maintenance 
factor, therefore, is seen to depart from the 
classical failure rate definition in this way. 
Namely, the maintenance factor is estimated 
to represent the failure rate and additional fail- 
ures brought about by various contributing ele- 
ments encountered in actual use. 

If the maintenance factor is to be of any 
value for its primary function of estimating the 
range and depth of repair parts during 
provisioning, it must be influenced by appro- 
priate parameters. As in the case of reliability 
where the generic failure rate of an item is 
factored by the influence of quality, test, usage, 
etc., to arrive at an operational failure rate, 
the basic maintenance factor must be in- 
fluenced by the fact that there is not neces- 
sarily a one-to-one relationship between failures 
and replacements of repair parts. For example, 
an assembly that is removed, replaced, and 
subsequently repaired at the organizational lev- 
el by component replacement would be over- 
stocked if the maintenance factor for the as- 
sembly was used for provisioning. Thus, for the 
establishment of initial provisioning require- 
ments for repairable materiel, the repairable 
concept and its ultimate impact on repair parts 
requirements must be considered in addition to 
the maintenance factor. 

5-5.2.2   Relationship to Availability 

The maintenance factor representing the 
failure rate of a repair part is generally assum- 
ed to be constant over a finite period of time. 
For practical purposes, this means that a main- 
tenance factor represents the expected rate of 

failure for a period of 1 year, allowing for ad- 
justments for future periods of time. The avail- 
ability of a repair part is directly related to 
the mean time between failures, which is the 
reciprocal of a constant failure rate. Therefore, 
the estimated maintenance factor directly af- 
fects the predicted availability of the repair 
part. This, in turn, contributes to the avail- 
ability of the end item, which is of primary 
importance. 

5-5.2.3   Relationshipto Reliability and 
Maintainability 

The unreliability of a repair part repre- 
sents the probability of failure of that part in 
a time increment. Therefore, reliability is a key 
parameter in maintenance factor determina- 
tions. Reliability improvement of a repair part 
necessitates a reestimation of the maintenance 
factor. 

The relationship of the maintenance factor 
to the maintainability of a repair part is not 
as direct, and depends on the particular meas- 
ure of maintainability used. If the mean down- 
time, representing total downtime is used, the 
maintenance factor influences the resupply pro- 
cess by controlling the demand rate for replace- 
ment parts and maintenance actions. This, in 
turn influences the rate at which the repair 
part is repaired and restored to a usable con- 
dition, assuming the repair facility has the 
capability for repair. If only repair time is used 
as a measure of maintainability of a repair 
part, the maintenance factor of that part does 
not affect the inherent maintainability of the 
part. The maintainability of the end 
item/system (inherent or otherwise) is directly 
affected by the maintenance factors of the 
member repair parts. 

5-5.3   ELEMENTS CONTRIBUTINGTO 
MAINTENANCE FACTOR VARIATION 

Since the maintenance factor must reflect 
failures that are a function of usage and the 
usage environment, these contributing elements 
must be considered during the estimation pro- 
cess. The failure of any repair part during us- 
age can be caused by any number of widely 
diverse factors ranging from operator error to 
weather conditions. A great number of variables 
complicates a problem, and complication, in this 
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case, is not warranted since many of the vari- 
ables cannot be defined precisely. Therefore, six 
elements have been selected as being the great- 
est contributors to repair part failures, and 
these will be examined for their usefulness in 
making realistic maintenance factor determina- 
tions. 

To estimate a maintenance factor, the fol- 
lowing elements should be considered as pos- 
sible causes or contributors to repair part fail- 
ures: 

a. Failure rate 

b. Usage atmosphere 

c. Susceptibility of part to damage 

d. Climatic/geographic conditions 

e. Utilization rate 

/ War vs peace. 

The elements in the foregoing listing pose 
an immediate problem because of possible inter- 
actions among the various areas specified. For 
instance, the usage atmosphere (defined in par. 
5-5.5) in reality cannot be isolated completely 
from the susceptibility of damage to a repair 
part. In fact, the usage atmosphere could be 
considered the sole cause of failure, with all 
the other areas listed as contributing areas 
within the atmosphere. That is not the intention 
here, and, by proper definition, it is hoped that 
the areas listed can be made nearly in- 
dependent. 

It may be seen, from the element defini- 
tions in pars. 5-5.4 through 5-5.10, that the fail- 
ure rate, usage atmosphere, and susceptibility 
of the part to damage are primarily functions 
of the design of the repair part or of the design 
of the end item in which the part is located. 
The element of climatic/geographic conditions 
is a function of the environment in which the 
end item and, therefore, the repair part are ex-, 
pected to be used. The utilization rate and com- 
bat conditions are both functions of the actual 
usage to which the repair part will be exposed 
in the deployment area. 

By classifying the contributing elements in 
this way, it is possible to define the mainte- 
nance factor in a more meaningful and useful 
manner than before. The maintenance factor 
can be defined as the expected number of fail- 
ures of a repair part during a specified time 

period, resulting from the design, environment, 
and usage of the part. This definition is con- 
ducive to the use of the maintenance factor and 
is descriptive of the requirements for the 
estimation process. Based on this definition, the 
maintenance factor represents all failures that 
a repair part can experience due to the three 
areas that can cause repair part failure (i.e., 
design, environment, and usage). The factor still 
represents failures expected to occur over a 
specified time period. This time period can be 
simply 1 yr, or can be specified as a stockage 
interval (time between order receipts) in the 
case of nonrepairable parts, or as the re- 
pair/resupply time for repairable repair parts. 

5-5.4   FAILURE RATE 

Usually, a failure rate is estimated on the 
basis of reliability test results, past experience, 
and engineering judgment. The failure rate Val- 
ue, however, is representative of the number 
of .failures that can be expected for a given 
item when that item experiences usage that was 
anticipated in design; i.e., the failure rate will 
present an idealized rate of failure for the par- 
ticular item alone. The effects when the item 
is used in various assemblies, along with other 
items performing a common function, are not 
represented, nor are the effects that might be 
produced by maintenance or operation. As such, 
the estimated failure rate probably will be de- 
termined, in its purest form, by the manufac- 
turer of the item. 

Care must be exercised to insure that the 
manufacturer has not already biased his 
estimate of the failure rate to take into con- 
sideration some stray elements, such as geo- 
graphic phenomena, which he has anticipated 
may be encountered in usage. This would be 
acceptable if the phenomena would always be 
encountered regardless of the deployment area, 
but would considerably complicate matters if 
such conditions only applied to one deployment 
area. In other words, the contractor's estimated 
failure rate should include the effects of all 
conditions met in usage which are to be ex- 
pected to be met universally. 

The failure rate exerts so much influence 
on the maintenance factor that the importance 
of thoroughly understanding its basis cannot be 
overemphasized. Generally speaking, failures in 
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a part will increase as either operating time 
or stress increases, and will increase even more 
rapidly if both parameters are concurrently 
increased. There is a direct relationship between 
all of the other contributing elements and either 
operating time or stress. The usage rate is a 
direct measurement of operating time. All of 
the other elements contribute to stress. Clearly, 
the modification of a failure rate that already 
reflects the effects of one or more of the con- 
tributing elements, by those elements, can 
result in significant maintenance factor errors. 

If there is a single, most important step 
in estimating maintenance factors, probably it 
is precisely defining the parameters that are 
used in calculating the failure rate. The rest 
of the estimation process is based on the 
assumption that this is accomplished. 

5-5.5   USAGE ATMOSPHERE 

The usage atmosphere of a repair part is 
defined, for this discussion, as the makeup 
(chemical, electrical, etc.) of the physical sur- 
roundings of the repair part. As such, it does 
not include geographic or climatic conditions, 
but only that part of the physical surroundings 
that is inherent to the repair part because of 
the end item design. 

The portion of the maintenance factor that 
is contributed by the usage atmosphere is very 
similar to that portion identified with the fail- 
ure rate because it includes failures that are 
a result of the inherent properties of design. 
The distinction stems from the fact that very 
often a repair part is used in many systems 
in different ways or in performing slightly dif- 
ferent functions. For example, a distributor (if 
classified as a repair part) may be used on 
many different vehicles with different assembly 
surroundings. In one vehicle, it may be subject 
to oil or dust deposits because cf its physical 
location in the vehicle, while in another it may 
be shielded from such deposits by surrounding 
components. Such elements definitely affect the 
maintenance factor of the item, and cannot be 
accounted for in the contractor's supplied fail- 
ure rate because all usages of the repair part 
may not be anticipated at the time of produc- 
tion. 

The usage atmosphere also varies some- 
what according to the types of .missions. For 

instance, a repair part in a helicopter will be 
exposed to different kinds and degrees of vi- 
bration and other stresses, depending on wheth- 
er the mission is an attack mission, a recon- 
naissance mission, or simply an exercise. Such 
elements of the usage atmosphere are produced 
internally although they are a result of an out- 
side agent (i.e., the mission requirements). This 
area should not be confused with failures in- 
duced by combat conditions, which will be dis- 
cussed later. Naturally, the particular combat 
conditions to which the repair part is exposed 
will determine the number and types of mis- 
sions the part will experience, but it does not 
determine the effect that a particular action 
in a mission will have on the part. This effect 
will be considered under usage atmosphere, 
while the cause, frequency of occurrence, and 
duration will be considered under the combat 
conditions element. 

Some items to consider in the usage at- 
mosphere area are exposure of the repair part 
to vibration, chemicals, oil, electrical and 
magnetic fields, radiation, and system gener- 
ated heat or cooling. In other words, any con- 
ditions internally produced by operation of the 
'system must be considered. These elements 
must be analyzed with respect to the design 
of the repair part, and the analyst must keep 
in mind that the failure rate previously dis- 
cussed will reflect any failures contributed by 
the usage atmosphere that has been anticipated 
in design. 

5-5.6  SUSCEPTIBILITY OF PART TO DAMAGE 

Through handling, installation, and main- 
tenance, a part is exposed to varying degrees 
of probability of damage. This is due to human 
error/skill as well as design, and is independent 
of the failure rate of the repair part. It could 
be thought of as the "accident rate" of the part. 
A good example is an electronic part destroyed 
by the heat of the soldering iron during in- 
stallation. To help insure independence between 
this contributing factor and others (e.g., the us- 
age atmosphere), this factor has been defined 
only for handling, installation, and mainte- 
nance. For example, if, during use, a very frag- 
ile part is destroyed by vibration (internally or 
externally), the failure must be attributed to 
the usage atmosphere (internal vibration) or the 
climatic/geographical conditions (external vi- 
bration). 
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A part can be damaged through handling 
while being transported or installed on a sys- 
tem, or during storage. At the time of install- 
ation, the part also may be damaged by the 
installation equipment. When preventive main- 
tenance is performed on the part, or when cor- 
rective maintenance is performed on nearby or 
functionally related parts, damage may also oc- 
cur. This is especially true of parts that must 
be removed for access to other failed items. 
Any possibility of damage during testing also 
must be considered. Many parts require periodic 
adjustments if they are to function properly, 
and such parts may be damaged by improper 
adjustments or if they are used while they are 
improperly adjusted. All these areas would be 
a part of this contributing element and must 
be considered during the analysis. 

Since damage or failures resulting from 
this contributing factor are functions of human 
error and design, the level of competence of 
maintenance personnel plays a large role. This 
requires the analyst to be familiar with the 
maintenance personnel who will be working 
with the particular repair part. Also, the main- 
tenance factors of surrounding parts must be 
considered because of the chance that a failure 
may be produced while maintenance on another 
part is performed. 

5-5.7  CLIMATIC/GEOGRAPHIC CONDITIONS 

Possible damage or deterioration of a re- 
pair part due to the climatic or geographic con- 
ditions to which it will be exposed is considered 
in this area. Climatic/geographic conditions 
make up that part of the repair part environ- 
ment which is uncontrolled or uncontrollable 
by the user. 

The effects of temperature, temperature 
changes, and humidity are the most obvious 
areas to consider. However, other areas such 
as exposure to dust, abrasives, moisture, and 
altitude (barometric pressure) must be consid- 
ered. In addition, the natural geographic and 
manmade features of the deployment area (ter- 
rain) play a role in producing failures during 
operation. For example, some deployment areas 
have very good roadway systems with bridges 
and other manmade features that considerably 
affect the operation of an end item and the 
stress levels applied to the repair part. On the 
other hand, the same end item would be used 

differently and have different stresses applied 
to it in less developed areas. This would also 
depend upon the natural geographical features 
in the area. Indeed, there are so many different 
conditions that can change from one deploy- 
ment area to another that this element alone, 
contributing to failures, will necessitate tailor- 
ing a maintenance factor for each deployment 
area. 

Par. 3-4.3.1 provides many examples of the 
effects of various climatic/geographic condi- 
tions on materiel. Par. 3-4.8 elaborates on cor- 
rosion and corrosion-preventive finishes. The ef- 
fects of climatic/geographic conditions on the 
failure rate of a repair part are not included 
in contractor supplied failure rates unless the 
repair part has been designed for a particular 
geographic area. Therefore, the effects of 
climatic/geographic conditions must be ana- 
lyzed with respect to the design parameters of 
the repair part. Quite often, items intentionally 
are designed to withstand certain climatic con- 
ditions, or are composed of materials that are 
not affected adversely by certain climatic or 
geographic conditions. In such cases, the failure 
rate determined by the contractor would be 
assumed to account for failures contributed 
from such causes because it is part of the de- 
sign. 

5-5.8   UTILIZATION RATE 

The use that the repair part experiences 
influences the rate at which failures will occur 
in a group of such items. The utilization of 
a repair part is expressed in the same terms 
as the utilization of the system that contains 
the part. This may be hours of use, rounds 
fired, or miles traveled, but nevertheless rep- 
resents the amount of use the system and hence 
the repair part has experienced. 

In estimating a maintenance factor, the 
utilization rate of the repair part must be pre- 
dicted. The utilization rate will change accord- 
ing to the deployment areas, and the prediction 
can be done on the basis of past experience, 
mission plans, and requirements of the deploy- 
ment area. 

There is a-possibility that a repair part 
may experience deterioration because of lack of 
use. In such cases, the manufacturer is expected 
to supply information concerning the required 
usage to keep the part from deteriorating. This 
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would also have to be considered in reference 
to the predicted utilization rate in predicting 
the maintenance factor. 

Normal use would not be expected to con- 
tribute significantly to the failure rate because 
normal use is assumed in arriving at the 
estimated failure rate of the repair part. Ex- 
treme usage (i.e., for extended periods of time 
or usage under stress or strain), however, would 
contribute to failures and would be included 
in the utilization rate element of the mainte- 
nance factor. Another aspect that should be 
considered under this element is any possible 
failure that may be induced by the operator 
of the end item that contains the repair part 
under analysis. This requires the analyst to be 
familiar with the types and skill levels of the 
personnel who will be operating the equipment. 

5-5.9  WAR VS PEACE 

The military condition of the deployment 
area substantially affects the maintenance fac- 
tor. In a wartime environment, the maintenance 
factor must reflect the failures resulting from 
intense and extreme usage, the relative neglect 
of maintenance that occurs because of the pres- 
sures of combat, and combat damage of parts 
and assemblies that are prone to damage from 
mines, fragments, and small arms fire. 
Catastrophic loss of complete end items is not 
included. However, if the item is deployed in 
a predominantly peacetime environment, pro- 
visioning based on a wartime maintenance fac- 
tor will result in overstockage of repair parts. 
Because of the diversity in conditions between 
war and peace, efficient provisioning dictates 
a requirement for two maintenance factors-one 
for peacetime and one for wartime. 

5-5.10  DETERMINATION OF MAINTENANCE 
FACTORS BY THE CHECKLIST METHOD 

Six elements have been defined as contrib- 
utors to the value of the maintenance factor 
(i.e., failure rate, utilization rate, combat con- 
ditions, climatic/geographic conditions, usage 
atmosphere, and susceptibility to damage). A 
checklist-Appendix A located at the end of the 
chapter-has been devised to insure that each 
element shall receive proper consideration when 
maintenance factors are calculated. The para- 
graphs that follow describe the checklist and 
the way in which it is to be used. 

5-5.10.1   Checklist Description 

The checklist provides a systematic se- 
quence of data collection points, questions, and 
instructions to guide an analyst in calculating 
a maintenance factor for a given set of con- 
ditions. For each change in conditions, a new' 
estimate must be made. Although use of the 
checklist procedures requires no training, its 
use should not be attempted by other than ex- 
perienced maintenance engineering personnel 
because of the subjective nature of many of 
the required activities. 

5-5.10.2  EstimationGuidelines 

It cannot be overemphasized that the 
estimation process should be made on the basis 
of the total environment of the repair part 
under consideration. The task is extremely dif- 
ficult when only drawings are used because of 
the difficulty of visualizing a total, completed 
system or end item. Therefore, it is strongly 
recommended that the final maintenance factor 
estimate be made by analyzing the repair part 
while it is physically positioned on a prototype 
or end item. Only then can all factors in- 
fluencing the failure rate be integrated into a 
total analysis to measure interactions that must 
be anticipated in the maintenance factor 
estimation. 

Since the maintenance factor experiences 
considerable usage during initial provisioning, 
it is essential that the factor be accurate, since 
over- or underprovisioning may result. There- 
fore, the process of phased provisioning may 
be worthwhile in instances when there is reason 
to believe that the maintenance factor is not 
accurate. 

To .use the checklist, the analyst must start 
with the first question and proceed through all 
the questions. Answering questions out of se- 
quence is permissible only when stated at the 
individual questions. Several questions appear 
to be asked with no apparent use for the an- 
swers. The purpose of these questions is merely 
to get the corresponding answers into the mind 
of the analyst. Answers to following questions 
depend on how the analyst answers such ques- 
tions in his own mind, and these apparently 
meaningless questions cannot be overlooked or 
disregarded. Some of the questions are to be 
answered "Yes" or "No".Whenever any question 
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is answered "No", the analyst should go to the 
next numbered question. 

In several questions, the analyst must 
estimate the number of failures due to some 
condition. The method of estimation is left to 
the analyst and his judgment. In making such 
estimates, the analyst must put everything out 
of his mind except the particular condition be- 
ing viewed to insure that the estimate repre- 
sents only the condition being analyzed. Other- 
wise, the total maintenance factor will repre- 
sent more failures than expected because some 
conditions will be accounted for several times. 
This may be difficult to do, but the checklist 
is designed to aid this process. 

The analyst must go through the checklist 
twice for each deployment area—one iteration 
for peacetime conditions and one iteration for 
wartime conditions. 

5-5.10.3 Cautionary Note 

The casual reader must be cautioned. This 
checklist does not supply any answers of its 
own. No data are incorporated relating past ex- 
perience, like equipment, or the effects of any 
conditions. The analyst is expected to be an 
authority on such subjects, and experience has 
shown that maintenance factors estimated in 
the past have been reasonably accurate in the 
initial estimate. This lends support to the qual- 
ifications of analysts. 

The questions contained in the checklist 
are self-explanatory; therefore, no further ex- 
planations are provided. 

5-5.1 1   MAINTENANCE FACTORS DETERMINED BY 
MATHEMATICAL ANALYSIS 

It may be seen from the preceding dis- 
cussion concerning the determination of main- 
tenance factors by the checklist method that 
such calculations are tedious and time con- 
suming. Calculations must be performed for 
peacetime and wartime conditions, for each 
deployment area and for each item, so that the 
required number of calculations can become 
quite large. Additionally, the probability of 
making errors in repetitive operations is great 
and the time required to make the calculations 
not only costs money, but also delays decisions. 

Mathematical analysis is an alternative to 
the checklist. This approach, coupled with the 

use of a computer, involves the initial ex- 
penditure of time to develop and program a 
math model, but subsequently requires min- 
imum analyst time and modest computer costs. 

5-5.1 1.1   Typical Mathematical Formulas 

The Army Materiel Command has devel- 
oped the FORTRAN variables list and formulas 
that follow for calculating peacetime and 
wartime maintenance factors for each deploy- 
ment area and for calculating overall mainte- 
nance factors for peacetime and wartime. 
Details of a computer program that uses the 
variables and formulas are contained in Ref. 
6. 

a. FORTRAN Variables List 

I   =   1,2,..., 5 (deployment area) 
J   =   1,2 peacetime = 1, wartime = 2 
K   =   1,2,..., 8 usage or climatic condition 

FR =   manufacturer's predicted mean 
time between failure 

FRMF(I,J) =    operating   hours,   miles, 
rounds/end item/year 

RNP =   number of parts/assembly 
SUFR(I,J) =   part  failures/assembly/year 

due to severe usage 
OPE (I) =   mean time between failures of 

repair part due to operator er- 
ror 

CFR(I,J) =   on-off cycles/end item/year 
CPF =   number of cycles/failure 
RIFR (J) =   part  failures/assembly/year 

due to idleness 
CGMF (I, K) =   part  failures/assembly/year 

due to climatic geographic ef- 
fects 

UMF (K) =   part  failures/assembly/year 
due to surrounding equipment 
and parts 

CDF (J) =   part failures/aSsembly/year 
due to combat damage 

PMFR =   part  failures/assembly/year 
due to preventive maintenance 

RFR =   part  failures/100  part  install- 
ations during corrective main- 
tenance 

STFR (I, J) =   9% parts failing in storage 
TSFR (I, J) =   %   parts  failing  in  trans- 

portation and handling 
NA =   number  of deployment areas 

(maximum of 5 areas) 
AREA (I) =   name  of area (6 characters 

maximum) 
PNAME (4) =   part name (24 characters max- 

imum) 
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FSN (6) = part number (18 characters 
maximum) 

EIN (4) = end item name (24 characters 
maximum) 

OMF (J) = previous maintenance factor 
IUSE = usage code (1 = hours, 2 = 

miles, 3 = rounds) 
ANAME (4) = assembly name (24 characters 

maximum) 

(Climatic/Geographic Conditions Considered) 

CGMF(I, 1) = temperature extremes 
CGMP (I, 2) = temperature changes 
CGMF (I, 3) = humidity 
CGMF (I, 4) = moisture 
CGMF (I, 5) = altitude 
CGMF (I, 6) = abrasives 
CGMF (I, 7) = dust 
CGMF (I, 8) = other agents 

(Usage Atmosphere Conditions Considered) 

UMF(l) = electric fields 
UMF (2) = magnetic fields 
UMF(3) = vibration 
UMF (4) = heat 
UMF (5) = cold 
UMF (6) = chemicals 
UMF (7) = radiation 
UMF (8) = other agents 

b. Formulas. 

Xij = maintenance factor for 
deployment area i for peace- 
time or wartime without con- 
sidering part failures due to 
corrective maintenance, stor- 
age, or transportation. 

Xij =   100[FRMFU(RNP/FR 
+ l/OPEt) ' (5-1) 

+ SUFRij   + (CFRtiRNP) 
/CPF 

+ RIFR.+ 

N 

N 

2  CGMFlK 
K = 1 

+ 

+ CDFj] 

2  UMFK+ PMFR 
K = I 

Yij = maintenance factor for 
deployment area i for peace- 
time or wartime (adjusted for 
corrective maintenance fail- 
ures). 

Y„   = Xit(l   + RFR/IW) (5-2) 

MFij = maintenance factor for 
deployment area i for peace- 
time or wartime (adjusted for 
storage and transportation 
failures). 

MFtl =   Yu | l/[ 1 - (TSFRi, 

+ STFRij)/lOO ]   | (5-3) 

MF; = Overall average m'aintenance 
factor for „peacetime or 
wartime, indicated by j = 1 
o r j = 2, respectively. 

NA 

2 MFij 

MF; = 
NA 

(5-4) 

5-5.11.2   Use of Formulas 

In use, the formulas would be pro- 
grammed, and the program entered into a com- 
puter. Subsequently, the maintenance engineer- 
ing analyst calculating maintenance factors 
would simply fill out a loading form comprised 
of sheets similar to the one shown in Fig. 5-7. 
Computer personnel would keypunch cards 
showing these data and enter the data into the 
computer, and the required maintenance factors 
would be calculated and printed. Clearly, this 
automated method is much to be desired over 
the checklist. 

In a major materiel program, it might be 
economical to make the foregoing computer pro- 
gram a subroutine to a larger program that 
would apply the maintenance factors to the'cal- 
culation of maintenance actions and support 
resource requirements at the several mainte- 
nance levels. Such an overall program would 
permit immediate determination of the com- 
patibility between estimated maintenance fac- 
tors and planned support resources. 
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UNE 
NO. VARIABLE DESCRIPTION DATA 

(In lines 25 thru 43 data elements under areas 
not being considered must be left blank while 
data elements under areas being considered must 

have  a value, even if it is zero.) Area 1 Area 2 Area 3 Area4 Area 5 

Operating Hours, Miles, Rounds/End Item/Year 

25 Peacetime 

26 Wartime 

Part Failures/Assembly/Year Due to Severe Usage 

27 Peacetime 

28 Wartime 

ON-OFF Cycles/End Item/Year 

29 Peacetime 

30 Wartime 

% Fail in Transportation and Handling 

31 Peacetime 

32 Wartime 

% Fail in Storage 

33 Peacetime 

34 Wartime 

MTBF/Repair Part Due to Operator Error 

35 

Failures/Assembly/Year Due to Climatic 
Geographic Effects 

36 Temperature Extremes 

37 Temperature Changes 

38 Humidity 

39 Moisture 

40 Altitude 

41 Abrasives 

42 Dust 

43 Other Agents 

Figure 5-7.   Sample Form for Use in Loading Data 
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APPENDIX A.   MAINTENANCE FACTOR CHECKLIST (Ref. 6) 

APPLICATION IDENTIFICATION 

Record, below, the nomenclature of the system/end item of equipment that con- 
tains the repair part under consideration. 

Record, below, the nomenclature of the next higher assembly that contains the 
repair part under consideration. 

Record, below, the nomenclature  or other identification  (part number,  SIN) of 
the repair part under consideration. 

d. For the repair part in question, write, below, the number of these parts contained 
in the next higher assembly. 
    parts/assembly 

FAILURE RATE 

2. Write, below, the manufacturer's predicted failure rate for the repair part being 
analyzed, or the failure rate obtained through testing. Miles driven, rounds fired, 
etc., may be substituted directly for "operating hour". 

  failures/operating hour 

3. For the deployment area under consideration, what is the expected number of 
operating hours per year that the repair part will be used (same as parent end 
item). 

  operating hours/year 

4a.    Multiply the answer to 2 by the answer to 3. 

  failures/part/year 

b.    Multiply the answer to 4a by the answer to Id. 

  failures/assembly/year 

5.    If the repair part has a maintenance factor, list that factor below. 

  maintenance factor = failures/assembly/100 end items/year 

6a. List the conditions that have been accounted for in the failure rate listed in 
2, or the maintenance factor listed in 5 (i.e., all conditions or effects that have 
been considered in the estimate of the failure rate, or previous maintenance factor). 

b. The following questions have been designed to determine the various effects that 
may already be accounted for to some extent in the manufacturer's estimated 
failure rate or a previously defined maintenance factor. If such effects have been 
included in previous estimates, this should be remembered when the question 
or questions are reached which contain the estimation process for the effects 
mentioned. This will help guard against duplicating work and including causes 
of failures more than once in the estimated maintenance factor. 

c Any question below that is answered "Yes" must be analyzed to insure that all 
conditions included in the initial estimate of the failure rate are kept in mind 
during the following estimation process. It is recommended that all such conditions 
be listed and kept on hand while the questions in the following sections are 
answered. 
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APPENDIX A.   MAINTENANCE FACTOR CHECKLIST (Cont'd) 

FAILURE RATE (Cont'd) 

d. A previously estimated maintenance factor will not be used to estimate a new 
one, but will be used for comparison purposes. 

e. Utilization Rate: 

YES   NO 1. Was severe usage considered in initial estimate? 

YES   NO        2. Was cyclic operation considered in initial estimate? 

YES   NO        3. Was deterioration due to idleness taken into consideration? 

f. Combat Considerations: 

YES   NO 1. Was the initial estimate of the failure rate based on any par- 
ticular combat posture, or did it allow for any combat effects? 

YES   NO        2. Was repair part designed for a particular level or kind of combat? 

g. Climatic/Geographic Conditions: 

YES   NO 1. Were  any effects such as temperature extremes, temperature 
changes, humidity, moisture, altitude, abrasives, dust, or other 
climatic/geographic condition taken into account in the initial 
estimate of the failure rate? 

YES   NO        2. Is the failure rate received from the contractor estimated for 
a particular geographic or climatic area? 

h.    Usage Atmosphere: 

YES   NO Were an37 effects such as vibration, heat, cold, chemicals, electric 
fields, magnetic fields, and radiation taken into account in the 
initial estimate? 

1.    Susceptibility to Damage: 

YES   NO Were possible failures that may result from adjustments made 
on repair part during preventive maintenance considered in the 
initial estimate? 

UTILIZATION RATE 

7. YES NO a. Is the repair part likely to encounter severe usage in the area 
under consideration? (Severe usage will be interpreted as any 
usage that exceeds design limitations or will exert extreme stress 
on the part.) 

b. What percentage of operation time will repair part experience 
severe usage? 

% severe usage time 
c. In light of answer for 7b, how many estimated failures per year 

will this produce? 

  failures/assembly/year 
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APPENDIX A.   MAINTENANCE FACTOR CHECKLIST (Cont'd) 

UTILIZATION RATE (Cont'd) 

8. YES   NO        a. Considering the technical ability of operating personnel who will 
be operating the equipment, and the skill level required for suc- 
cessful operation, is it possible that the repair part can be dam- 
aged by operator error or misuse? 

b. Again considering the ability of operating personnel in reference 
to operating skill requirements, how many estimated failures per 
operating hour will this produce? 
NOTE: Consider climatic/geographic effects on operator ability 
also. 

  failures/operating hour/assembly 

9. YES   NO        a. Is cyclic operation likely to cause undue stress on the repair 
part which will contribute to failure? 

YES   NO        b. Will repair part encounter cyclic operation (characterized by re- 
peated stopping and start, startup or shutdown, etc.)? 

c. What is the expected number of cycles (start and stops, etc.) 
that repair part will experience per year? 

  cycles/year 

d. If the.manufacturer provides guidance concerning the expected 
number of cycles the repair part can withstand, indicate the 
manufacturer's suggestion. 

  cycles/failure 

e. Estimate the number of failures that will occur on a per-cycle 
basis. (This will be from paragraph 9d if available; otherwise, 
estimate.) 

  failures/cycle 

f. Multiply answer to 9c by answer to 9e. 

  failures/part/year 

10.    YES   NO        a. Will repair part deteriorate during storage or during prolonged 
periods of idleness? 

b. Considering that the average repair part will be stored in in- 
ventory for a period of time equaling one-half of the stockage 
period (or stockage objective), estimate the number of failures 
per assembly per year that will result from deterioration. 
  failures/assembly/year 

c. Considering the mission goals and requirements, if it is likely 
that the repair part will experience periods of idleness during 
its usage life that will adversely affect it, estimate the number 
of failures per assembly per year that will result from such 
idleness. 

failures/assembly/year 
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APPENDIX A.   MAINTENANCE FACTOR CHECKLIST (Cont'd) 

UTILIZATION RATE (Cont'd) 

11. Multiply the answer to 8c by the answer to 3. 

  failures/assembly/year 

12. Multiply the answer to 9f by the answer to Id. 

  failures/assembly/year 

13. Add the answers to 7c, 10b, 10c, 11, and 12. 

  total failures/assembly/year due to utilization rate 

COMBAT DAMAGE 

14. For a wartime environment, estimate the failures per assembly per year of the 
repair part under consideration caused by combat damage. Failures resulting from 
catastrophic loss of the next higher assembly or entire end item should not be 
considered. If a peacetime maintenance factor is to be determined, enter zero. 

  failures/assembly/year due to combat damage. 

CLIMATIC/GEOGRAPHIC CONDITIONS 

15. Is repair part likely to be damaged by continuous exposure to climatic/geographic 
controlled: 

Temperature (extreme heat and/or cold) 

Temperature changes 

Humidity 

Moisture 

Altitude (barometric pressure) 

Abrasives (e.g., sand) 

Dust 

Other agents 

16. YES   NO        a. For items answered "Yes" in 15, are any of these agents likely 
to be encountered in the deployment area? 

Check in Table A-l, column A, the -agents in 15 that will be 
encountered in the deployment area. 

Keeping in mind the natural and manmade climatic/geographic 
conditions in the deployment area, specify whether the agents 
checked in Table A-l, column A, will be encountered to the degree 
that would hamper the mission capability of the repair part or 
possibly contribute to failure of the repair part (indicate answer 
in Table A-l, column B). 

YES NO a. 

YES NO b. 

YES NO c. 

YES NO d. 

YES NO e. 

YES NO f. 

YES NO g 
YES NO h. 

YES NO a. 
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APPENDIX A.   MAINTENANCE FACTOR CHECKLIST (Cont'd) 

CLIMATIC/GEOGRAPHIC CONDITIONS (Cont'd) 

d. For the agents that are marked "Yes" in column B, estimate 
the percentage of total operating time that repair part will be 
exposed to the agent to a degree that could contribute to failure. 
Record this percentage in Table A-l, column C. 

e. List in Table A-2, column A, those agents marked "Yes" in Table 
A-l, column B, in descending order according to the "% of time 
exposed". In the "Relative Weight" column (column C), weight 
the agents listed on a scale from 1 to 10 according to the degree 
of influence the agent is expected to have on the failure rate 
of the repair part (i.e., the agent that will least affect the failure 
rate would be assigned a weight of 1 while the agent with the 
most effect would be assigned a 10, with all other agents assigned 
intermediate values). 

f. Multiply the "% of time exposed" (Table A-2, column B) by the 
"Relative Weight" (Table A-2, column C) for each agent listed 
in 15e, and enter result 'in Table A-2, column D. 

g. List agents specified in Table A-2, column A, in Table A-3, col- 
umn A, in descending order according to the "Product" in Table 
A-2, column D. This will represent the order in which agents 
that are a function of climatic/geographic conditions will be ex- 
pected to cause failures of the repair part. 

h. For agents listed in Table A-3, column A, estimate the number 
of failures per year that you would attribute to the 
climatic/geographic agent. Record result in Table A-3, column 
B. 

17. Sum the values listed in Table A-3, column B, and enter result below. 

  total failures/assembly/year due to climatic/geographic conditions 

USAGE ATMOSPHERE 

18. Is repair part likely to be damaged by: 

YES   NO        a. Vibration (frequency and amplitude) 

Heat 

c. Cold 

Chemicals 

Electric fields 

Magnetic fields 

Radiation 

Other agents (e.g., coolant leakage) 

YES NO b. 

YES NO c. 

YES NO d. 

YES NO e. 

YES NO f. 

YES NO g- 
YES NO h. 
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USAGE ATMOSPHERE (Cont'd) 

19. YES   NO a. For items answered "Yes" in 18, are any of these agents produced 
by surrounding parts or by the parent system, or will repair 
part be exposed to agents in 18 from any outside source other 
than climatic/geographic sources? 

b. List in Table A-4, column A, agents to which the repair part 
will be exposed, that also have been answered "Yes" in 18. 

c. For each agent listed in Table A-4, column A, evaluate antic- 
ipated exposure of repair part in reference to manufacturer's 
suggested tolerance levels. 

d. Considering the number of operating hours per year, estimate 
the number of failures per assembly per year for the repair 
part caused by each of the agents listed in Table A-4, column 
A. 

20. Sum the values listed in Table A-4, column B, and enter result below. 

  total failures/assembly/year due to usage atmosphere 

21. List the answers (total failures due to  ) due to all elements considered 
thus far. These answers are found in 4b, 13, 14, 17, and 20. 

  failures/assembly/year due to failure rate 

  failures/assembly /year due to utilization rate 

  failures/assembly/year due to combat damage 

  failures/assembly/year due to climatic/geographic conditions 

  failures/assembly/year due to usage atmosphere 

22. Sum the numbers listed in 21. and enter result below. 

  failures/assembly/year due to all effects except susceptibility 

SUSCEPTIBILITY TO DAMAGE 

23.    YES   NO        a. Is the repair part fragile or conducive to failure by handling 
during transportation or storage? 

b. Estimate transportation time .to the deployment area and storage 
time the repair part will experience from the time of manufacture 
to installation (in years). 

(1)   transportation time 

(2)   storage time 

c. With the answer to 23a and 23b in mind, estimate the number 
of failures' that are expected to occur for the repair part during 
the times given in 23b. 

(1)   failures during transportation time 

(2)   failures during storage iime 
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SUSCEPTIBILITY TO DAMAGE (Cont'd) 

If the transportation time and/or storage time in 23b is greater 
than 1 year, convert the answers to 23c to failures per year 
by dividing answers by the two corresponding times. 

(1)   failures/year due to transportation 

(2)   failures/year due to storage time 

Add the answers to 23d together and multiply the results by 
the answer to Id. 

  failures/assembly/year due to handling 

24.    YES   NO a. Does repair part require preventive maintenance, and if so, are 
adjustments made or tools and test equipment used that may 
damage repair part and thus induce failures? 

b. List frequency of preventive maintenance actions in terms of 
actions per assembly per year. 

  preventive maintenance actions per year 

c. Keeping in mind the criticality of adjustments, skill levels of 
personnel, and the effects of climatic/geographic conditions on 
personnel performance, tools, and test equipment used, how many 
failures do you estimate will result from 100 preventive main- 
tenance actions? 

  failures/100 preventive maintenance actions 

d. Multiply answers to 24b and 24c and divide by 100. 

  failures/assembly/year due to preventive maintenance 

25. YES NO a. Keeping in mind the skill level of the maintenance personnel, 
climatic/geographic effect on personnel performance, and the 
tools and test equipment used during installation, can failures 
of the repair part be induced during installation of the part 
on the parent assembly? 

b. In reference to 25a, during 100 installations of the repair part, 
how many failures do you estimate will result? This represents 
probability of failure by installation damage. 

  failures/100 installations 

c. Divide answer to 25b by 100 
  probability of failure during installation 

d. Add answers to 22 and 24d 

  failures/assembly/year 

e. Multiply answer to 25c by answer to 25d 
  failures/assembly/year due to installation 

26.    Add answers to 23e, 24d, and 25e. 
  total failures/assembly/year due to susceptibility 
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COMPUTATION OF TOTALS 

27. List below and total the answers to 22 and 26. 

Answer to 22  =   failures/assembly/year 

Answer to 26  =   failures/assembly/year 

Total  =   failures/assembly/year 

28. Multiply the total part failures per assembly per year found in 27 by 100 and 
record this value in the appropriate column of Table A-5. This is the maintenance 
factor expressed in failures per assembly per 100 end items per year. (When 
the assembly is unique, this is equivalent to failures per 100 end items per year.) 
Return to 3 of the checklist if a peacetime estimate and a wartime estimate 
have not been completed for each deployment area; otherwise, proceed to 29. 

29. An average peacetime or wartime maintenance factor may be obtained by summing 
column A or B, respectively, of Table A-5 and dividing the total by the number 
of areas being used. 
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TABLE A-1.  CLIMATIC/GEOGRAPHIC AGENTS 

A D C 

%OF 
TIME EXPOSED 

AGENT LIST 
(2.b)                                 X YES NO 

Extreme Temp. 

Temp. Changes 

Humidity 

Moisture 

Altitude 

Abrasives 

Dust 

Other 

TABLE A-2.   RELATIVE WEIGHT 

A 

AGENT LIST 

B 

% OF TIME EXPOSED 

C 

RELATIVE WEIGHT 

D 

PRODUCT(B x C) 

A 

AGENT LIST 

B 

FAILURES/YEAR 
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TABLE A-4.   USAGE ATMOSPHERE FAILURES 

A 

AGENT LIST 

B 

FAILURES/YEAR 

TABLE A-5. MAINTENANCE FACTOR RESULTS 

AREA AREA NAME 
A 

PEACETIME MF 

B 

WARTIME WF 

1 
2 

:i 

4 

5 
^fc. ..> 1' M                ^ 

Average peacetime MF 
Sum peacetime   MF 

Number of areas 

Average wartime MF 
Sum wartime MF 

Number of areas 
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CHAPTER 6 
TESTING, DEMONSTRATION, AND EVALUATION 

This chapter addresses the test, demonstra- 
tion, and evaluation activities that occur during 
a materiel life cycle testing program. Devel- 
opment and operational tests, maintainability 
demonstrations, and maintenance evaluations 
are discussed. Mathematical analysis techniques 
useful in test planning and analyzing test 
results are described. 

6-1  INTRODUCTION 

Testing, demonstration, and evaluation in- 
clude joint, integrated tests of materiel and the 
support subsystem, tests specifically conducted 
to verify the support subsystem, maintainabili- 
ty, reliability, etc., and all efforts associated 
with maintenance evaluation. All of these ac- 
tivities involve the use of materiel, and parts 
or all of a support subsystem, and produce in- 
formation required to validate the adequacy of 
support planning and materiel design. Stated 
another way, they provide data with which to 
validate and refine existing maintenance engi- 
neering analysis data. 

Test, demonstration, and. evaluation data 
are of vital importance to maintenance engi- 
neering. The interactions between materiel de- 
sign and the support subsystem, and between 
various resources within the support subsystem 
are too complex to be determined with a high 
degree of confidence by analysis alone. This 
statement applies in particular to new materiel. 
Maintenance times, failure rates, skill require- 
ments, test equipment, technical manual re- 
quirements, etc., can all be predicted by 
reliability, maintainability, and maintenance 
engineering analyses, but the analyses must be 
validated and refined with test data on an 
iterative basis to permit logical progression to- 
ward a production configuration. 

Maintenance engineering analysis, materiel 
and support subsystem design, and test, dem- 
onstration, and evaluation form a closed loop 
system as shown in Fig. 6-1. Maintenance en- 
gineering analysis data, initially predicted, im- 
pact the design of the materiel and of the sup- 
port subsystem. The materiel and subsystem 
are subjected to tests and the test data are 
used  to  update  the maintenance   engineering 

analysis data. The new data may generate 
changes in materiel and support design, new 
tests may be conducted, and these tests provide 
additional engineering analysis data, etc. This 
process starts with the availability of mock-ups 
or breadboard hardware in the development 
phase and continues through the deployment 
phase. 

The data received from tests, demonstra- 
tions, and evaluations augment maintenance en- 
gineering analysis data obtained from historical 
records and from currently deployed materiel. 
The total process, properly performed, is nec- 
essary for the attainment of the goal of the 
integrated logistic support concept, which is to 
take necessary actions during a materiel ac- 
quisition cycle to insure the effective and eco- 
nomical support of materiel at all levels of 
maintenance for its programmed life cycle. The 
iterations provide a management tool that per- 
mits management control of the technical 
aspects of integrated logistic support. Mainte- 
nance engineering issues requirements that im- 
pact both design and the support subsystem. 
The tests use hardware and software that are 
supposed to satisfy the requirements. Observa- 
tion of the tests and analysis of the resulting 
data immediately demonstrate the degree to 
which the original requirements have been sat- 
isfied, as well as demonstrating current defi- 
ciencies that must be eliminated. 

8-1.1   SUPPORT TESTING (Ref. 1) 

The evaluation of a support subsystem 
commences with development and extends into 
the deployment phase. The evaluation process 
includes the accomplishment of various types 
of tests and demonstrations. The paragraphs 
that follow describe the tests and the types of 
information that can be obtained as materiel 
progresses through its life cycle. The discussion 
is largely generic in nature and is devoted ex- 
clusively to support. This should not be con- 
strued to mean that all of the testing is devoted 
exclusively to the support subsystem. As pre- 
viously stated, some of the tests are integrated. 
For convenience, the test types are categorized 
numerically. 
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Figure 6-1.   Maintenance Engineering Analysis, Design, and Test Cycle 

6-1.1.1   Category I-Tests/Demonstrations 

Category I tests are informal breadboard, 
brassboard, or prototype development model 
tests conducted by the developer, with customer 
surveillance, on an as-required basis. The tests 
are accomplished throughout equipment design, 
development, and qualification. Although the 
tests are not formal demonstrations and do not 
reflect production equipment in a true oper- 
ational environment, resulting information per- 
tinent to logistic support characteristics is used 
to update preliminary maintenance engineering 
analysis data. Some of the testing activities in- 
clude equipment operational and logistic sup- 
port actions that are directly comparable to 
tasks performed in an operational requirement. 
Data covering these activities are evaluated in 
terms of operational, maintenance, and support 
parameters. It is during this initial phase that 
changes to hardware design/configuration can 
be readily and economically made to eliminate 
or reduce the need for performing maintenance 
or operational actions. 

6-1.1.2   CategoryII-Tests/Demonstrations 

Category II tests are formal tests and dem- 
onstrations accomplished during the latter part 
of the development phase on preproduction 
prototype equipment that is similar to produc- 

tion equipment but not necessarily fully qual- 
ified at that point in time. The tests generally 
are conducted by the developer at his facility, 
with customer on-site surveillance. Operational 
support equipment (or equivalent) and prelim- 
inary technical manuals are used for test sup- 
port. The specific types of tests include formal 
maintainability demonstrations, support equip- 
ment compatibility tests, personnel tests and 
evaluation, and technical manual veri- 
fication/validation. The test data are analyzed 
to determine whether or not the equipment de- 
sign/configuration can be changed to eliminate 
maintenance requirements and if the support 
subsystem does, in fact, satisfy the maintenance 
requirements. 

6-1.1.3   Category III —Tests/Demonstrations 

Category III tests are formal tests and 
demonstrations accomplished prior to large- 
scale production commitments on pilot or initial 
production materiel. The tests are conducted by 
customer personnel at the customer's test site. 
Developer personnel provide certain predefined 
on-site support. Operational support equipment, 
operational spares, and formal technical man- 
uals are used. Field test data are collected and 
analyzed to determine whether or not the equip- 
ment design meets  all maintainability  and 
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maintenance quantitative requirements. This is 
the first time that all elements of the system 
(materiel and support subsystem) are operated 
and evaluated as a total entity. Here is the 
first opportunity to assess total system design 
from a support standpoint, as well as to assess 
the support subsystem in terms of specific sup- 
port requirements, shop turnaround times, sup- 
ply pipeline times, etc. 

6-1.1.4   Category IV— Tests/Demonstrations 

Category IV tests are formal tests and 
demonstrations of the total operational system 
and its associated support subsystem conducted 
in a true field operational and maintenance en- 
vironment. Customer personnel, operational fa- 
cilities, operational support equipment, repair 
parts, and technical manuals are used. Formal 
field data reporting systems provide the data 
necessary for support system evaluation and 
assessment. 

6-1.1.5  Data Analysis and Corrective Action 

The data resulting from logistic support 
testing must be analyzed in such a fashion that 
the results of the analysis reflect preplanned 
corrective actions correlated to program con- 
tingency planning. This requires that data 
analysis must be preplanned in an organized, 
documented, systematic fashion prior to the 
conduct of the testing. 

Category I test data analysis and correc- 
tive actions must be tailored only to those char- 
acteristics of systems support that informal 
breadboard or prototype development model 
type testing can investigate. This applies to 
those support considerations predicated on cor- 
related reliability and maintainability design 
features; i.e., redundancy concepts, repair- 
while-operating considerations, built-in test lev- 
els, modularity, commonality, etc. The feedback 
resulting from this testing is directed toward 
the support concept. 

Category II test data analysis and correc- 
tive actions are tailored to form, fit, and main- 
tenance characteristics of systems that directly 
affect on-line support considerations. The feed- 
back resulting from analysis of these data is 
planned to confirm or modify support equip- 
ment, technical manuals, personnel require- 
ments,  and maintenance and  supply burdens. 

It also should give preliminary validation to or- 
ganizational level support concepts. 

Category III test data analysis and cor- 
rective action loops are tailored to verify the 
system performance and support in the oper- 
ational environment. They further substantiate 
the assumed reliability and maintainability 
characteristics on which the support concept is 
predicated and give formal assessments to off- 
line maintenance requirements, as well as pre- 
liminary validation and correction. They add to 
the provisioning and higher echelon (depot and 
contractor) support validations. 

Except for Category IV test data analysis 
and corrective actions, the total support sub- 
system cannot truly be tested or validated. 
However, by judicious test planning and design, 
the characteristics of the system which affect 
the corrective actions required at each point 
in the life cycle can be identified. The program 
manager must specify data requirements and 
analysis procedures appropriate to those correc- 
tive actions, while also constantly building up 
confidence in the overall support concept and 
its quantitative requirements. 

6-1.1.6 Design of Support Test Program 

The extent of formal support test- 
ing/demonstrations accomplished must be 
tailored to the: 

a. System/equipment type: specific end 
item, aircraft, missile, electronic, vehicle, etc. 

b. System configuration in terms of new 
development versus the use of an off-the-shelf 
capability. New development might introduce 
high risk that influences testing requirements, 

c. Mission objectives and oper- 
ational/support requirements of the system in 
terms of quantitatiye figures of merit such as 
system effectiveness, operational availability, 
reliability, and downtime. 

The basic objective is to accomplish only 
that testing required at discrete points in the 
system acquisition process to gain confidence 
that the system or equipment will ultimately 
meet the mission and associated operational re- 
quirements for which it was intended. Too 
much testing is costly. Too little testing does 
not provide the confidence needed early in the 
acquisition cycle to determine whether or not 
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the system will meet its design requirements. 
The wrong type of testing is also costly and 
will not provide worthwhile or meaningful 
results. 

As a general rule of thumb, it may be 
stated that if extensive new development is re- 
quired, Category I through IV tests are in- 
dicated. If the system configuration represents 
a low-risk investment and constitutes mostly 
off-the-shelf items, then only Category III and 
IV tests may be necessary. Every system ac- 
quisition will require a specific combination of 
tests and demonstrations involving one or more 
of the types of tests defined previously. 

6-1.2   INTERRELATIONSHIPS 

The development testing, maintainability 
testing, and maintenance evaluation-each in its 
individual way-contribute to the validation of 
the total logistic support package. 

Various forms or types of test, not strictly 
related to the maintenance support aspects, are 
conducted during the materiel development 
which serve as a source of data for the main- 
tenance engineering process. These tests include 
breadboard, engineering, subsystem, and com- 
ponent testing. The maintenance engineer may 
use the results of these tests or may conduct 
analysis on the materiel available (mock-ups, 
engineering models, prototypes) to insure that 
the maintenance engineering analysis package 
being prepared reflects the materiel demands 
related to maintenance resources. These tests, 
as stated, although not conducted specifically 
to verify the maintenance package, provide the 
maintenance engineer with the tool by which 
to make decisions. From detailed analysis of 
a nonfunctional mock-up, the maintenance en- 
gineer can determine preliminary tool require- 
ments, assembly and disassembly order, access 
for servicing, etc. As a result, recommendations 
for correction of deficiencies can be made in 
the early design stages. Through a coordinated 
test planning effort, the formal tests designated 
as Categories 11, 111, and IV (pars. 6-1.1.2 
through 6-1.1.4) may be used to assist the 
formal validation and evaluation of both the 
maintainability and maintenance aspects of the 
developed materiel. 

The maintainability demonstration is 
essentially a formal test. Although its param- 
eters also may be evaluated as a result of other 
tests, the formal maintainability test provides 
the data and controlled atmosphere for valida- 
tion of the quantitative and qualitative main- 
tainability parameters of the system. Since the 
demonstration is conducted in an environment 
similar to operational conditions and uses the 
proposed maintenance resources (tools, test 
equipment, technical publications, handling 
equipment), it verifies the maintenance package 
and performance requirements in addition to 
maintainability. The demonstration verifies 
compliance with the corrective and preventive 
maintenance time requirements. As such, it 
validates the fault isolation requirement and 
the detailed time for the corrective maintenance 
action elements (diagnosis, fault isolation, re- 
move/replace, and verify) and the interacting 
qualitative features (packaging, accessibility, 
etc.). 

The maintenance evaluation is conducted 
to evaluate the maintenance procedures, the 
maintenance data package and resulting main- 
tenance materiel resources, and their capability 
to support the developed materiel as planned. 

The evaluation of the maintenance engi- 
neering package is not a discrete, independent 
function, clearly separated from other test or 
demonstration functions. Maintenance eval- 
uation is an all-encompassing action that cap- 
italizes on the data resulting from all test ac- 
tivity to aid in the maintenance engineering 
analysis process and to maintain the mainte- 
nance engineering analysis data system in a 
current status to reflect the concept of total 
logistic support. 

6-2 TESTING 

Materiel is subjected to numerous tests 
during its life cycle. The planning for these 
tests is initiated in the conceptual phase, and 
the tests start as soon as hardware is available. 

6-2.1   TYPES CDF TESTS 

Basically, the test program is conducted 
to verify the feasibility, performance charac- 
teristics,  and/or  supportability of the system. 
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Formal verification of the performance and de- 
sign usually is demonstrated by completion of 
specific test/verification functions such as: 

a. Engineering test and evaluation, per- 
formed primarily to acquire data necessary to 
support the design and development of the item. 

b. Qualification inspection, performed to 
demonstrate performance and design adequacy. 
This effort includes: 

(1) Inspection (physical characteristics, 
materials, processes and parts, nameplates and 
product marking, workmanship, and safety) 

(2) Analyses (useful life, preventive 
and corrective maintenance time, packaging, 
service and access, maintenance safety, han- 
dling, reliability) 

(3) Demonstrations (transportability, 
human performance/human engineering, main- 
tainability, system test) 

(4) Tests: 
(a) Interface, performed to dem- 

onstrate interface compatibility with associated 
equipment. Verifies all mechanical, electrical, 
and other interface requirements. 

(b) Environmental, performed to 
verify compliance with environmental require- 
ments (low/high temperature, thermal shock, 
atmospheric pressure, humidity, sand and dust, 
salt spray, fungus, etc.). 

(5) Electromagnetic interference, per- 
formed to demonstrate conformance to RFI re- 
quirements. 

c. Reliability verification, performed to 
demonstrate, either by test or analysis, the 
reliability requirements. 

d. Maintainability analysis, performed to 
evaluate, by analysis, compliance with main- 
tainability requirements. 

e. Engineering critical item qualification. 

/ Visual examination and performance 
test, performed to determine compliance with 
the part, material, construction, and work- 
manship requirements. 

g. System test, performed to verify the 
performance requirements of the item that can- 
not be verified until the item is assembled into 
or used with the system. 

The test program, comprised of devel- 
opment and operational tests, is initiated in the 

validation phase and continues throughout the 
materiel life cycle (Fig. 6-2). 

6-2.1.1   Development Test and Evaluation (DT&E) 
(Ref. 2) 

Development test and evaluation are con- 
ducted by AMC to demonstrate that the en- 
gineering design and development process is 
complete, the design risks have been minimized, 
and the system will meet specifications, and 
to estimate the system military utility when 
introduced. The tests should start as early in 
the development cycle as possible and should 
include testing of component(s), subsystem(s), 
and prototype or preproduction model(s) of the 
entire system. Compatibility and inter- 
operability with existing or planned equipments 
and systems should be tested. 

During the development phase following 
initiation of the program, adequate development 
test and evaluation should be accomplished to 
demonstrate that technical risks have been 
identified and solutions are available. During 
the full-scale development and prior to the first 
major production decision, the tests accom- 
plished shall insure that: 

a. Engineering is reasonably complete. 

b. All significant design problems (com- 
patibility, interoperability, reliability, main- 
tainability, and logistic considerations) have 
been identified. 

c. Solutions to the problems are available. 

The major development tests are (Ref. 3): 

a. DT I. Begins early in the development 
cycle, normally during.the validation phase, to 
demonstrate that technical risks have been 
identified and solutions are available. 

b. DT 11. Provides technical data for 
determining the system readiness for transition 
to either low-rate or full-scale production phase. 
DT II is a two-phased test in which engineering 
and service-use performance aspects are exam- 
ined. It measures the technical performance of 
item and associated support equipment, the de- 
velopmental training and maintenance 
packages, human engineering aspects, and per- 
formance of training devices and methods. 

c. DT 111. Conducted on items/systems 
from the initial production run to verify that 
the  system  meets the contract  specifications 
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and the characteristics prescribed in a devel- 
opment plan, and to insure the adequacy and 
quality of the materiel when manufactured ac- 
cording to production specifications and quan- 
tity production processes. DT III includes test- 
ing to confirm corrective actions taken as a 
result of prior test programs. 

Engineering design testing is conducted 
concurrently with the major development tests 
to: 

a. Determine that critical system technical 
characteristics are achievable. 

b. Provide data for refining and ruggediz- 
ing hardware configurations and interfaces to 
achieve required technical system character- 
istics. 

c. Eliminate, to the extent possible, tech- 
nical and design risks or determine the extent 
to which they are manageable, and verify ade- 
quacy of design changes. 

d. Provide information in support of de- 
velopment efforts. 

e. Assure that components, subsystems 
and systems are adequately developed prior to 
entry into DT and Operational Test (OT). 

Planned engineering design tests may be 
made a part of the coordinated test plan (par. 
6-2.7) for information. However, if the purpose 
of design testing is to resolve critical questions 
normally addressed in DT I or DT 11, the en- 
gineering design tests will be included in the 
coordinated test plan. 

6-2.1.2  Operational Test and Evaluation(OT&E) 
(Ref. 2) 

Operational test and evaluation are con- 
ducted by the user to estimate the prospective 
system military utility, operational effec- 
tiveness and suitability (including compatibility, 
interoperability, reliability, maintainability, and 
logistic and training requirements), and need 
for any modifications. In addition, OT&E pro- 
vides information on organization, personnel re- 
quirements, doctrine or tactics, and data to sup- 
port or verify materiel as necessary during and 
after the production period to refine these 
estimates, to evaluate changes, and to 
reevaluate the system to insure that it con- 
tinues  to meet operational needs  and retains 

its effectiveness  in  a  new environment or 
against a new threat. 

The major operational tests are (Ref. 3): 

a. OT I. Examines the hardware configu- 
ration of a system, or components thereof, to 
provide an indication of utility and worth to 
the user. OT I is conducted during the valida- 
tion phase on advanced development compo- 
nents and system prototypes to provide infor- 
mation leading to the decision to proceed to 
full-scale development. OT I assesses the poten- 
tial of the new item/system in relation to exist- 
ing capabilities, the relative merits of available 
competing prototypes/systems from the aspect 
of operational utility, the adequacy of the con- 
cepts for employment, integrated logistic sup- 
port, organization and training requirements, 
and related operational critical items. 

b. OT II. Examines engineering devel- 
opment/preproduction prototype equipment pri- 
or to the initial production decision. OT II 
assesses the military utility of the materiel, op- 
erational effectiveness, and operational suit- 
ability in as realistic an operational environ- 
ment as possible. 

c. OT III. Examines initial production 
items. OT III has the fundamental purpose of 
assuring that the materiel is operationally suit- 
able, that all operationally critical issues have 
been resolved, and that all benefits and burdens 
of the materiel are identified. 

Operational testing should be separate 
from development testing. However, devel- 
opment testing and early phases of operational 
testing may be combined when separation 
would cause delay involving unacceptable mil- 
itary risk, or would cause an unacceptable in- 
crease in the acquisition cost of the system. 
When combined testing is conducted, the report 
and evaluation process for DT I and OT I will 
be separate (Ref. 2). 

6-2.2 TESTPROGRAMS(Ref.4) 

Early in the development cycle, consid- 
eration must be given to the overall test pro- 
gram that is to be followed in assessing the 
merit of the item under development. In de- 
veloping an overall test program, emphasis 
must be placed on establishing the most prac- 
tical and beneficial relationship among the test 
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programs. Three types of test programs are ap- 
plicable: 

a. Integrated Test Program. An integrated 
(development/operational) test program is the 
goal of all test planning, and should be given 
first consideration in the early planning of all 
development programs. An integrated test pro- 
gram is appropriate when tests involve ex- 
pensive, low-density materiel, when the number 
of prototypes available is inadequate for con- 
current testing, and when the validity of test 
results is not jeopardized by such a program. 

b. Concurrent Test Program. A concurrent 
(development/operational) test program should 
be considered when an integrated test program 
is not advisable. A concurrent test program is 
appropriate when tests involve high-density 
materiel and when the number of available 
prototypes is adequate for such a program. 

c. Sequential Test Program. A sequential 
(development/operational) test program is ap- 
propriate when integrated and concurrent test 
programs are not practical, when the number 
of prototypes available is inadequate for con- 
current testing, or when a requirement exists 
for separate, unusual test conditions and fa- 
cilities. 

6-2.3   EARLY IDENTIFICATIONOF TEST METHOD 
(Ref. 4) 

A document that portrays the overall test 
program is a coordinated test plan. The coor- 
dinated test plan forecasts test requirements as 
far in advance as possible and will be reviewed 
for adequacy at in-process reviews. Its objec- 
tives are to insure maximum efficiency in the 
use of material, and rapid and complete dis- 
tribution of test information. The need for early 
identification of the test methods and of the 
test program is necessary to insure: 

a. That interested agencies will derive 
maximum benefit from each test. 

b. That each test embodies the best avail- 
able techniques and scientific methodology. 

c. That evaluation is based on methods 
which produce factual data and eliminate any 
element of personal bias. 

d. The greatest possible integration of the 
testing effort to avoid duplication of tests, test 
facilities, equipment, and personnel. 

The test plan is the basic document that 
defines all assigned tests to be performed on 
materiel, items, or systems. The plan is pre- 
pared to assure that materiel is properly and 
significantly tested, and to reduce testing lead 
time and costs. 

6-2.4  TEST PLAN CRITERIA (Ref. 3) 

The criteria used in the development of 
test plans are, in addition to those for early 
selection of the test method, as follows: 

a. Limit the testing activities to actions 
necessary to determine compliance with re- 
quirements in the required operational capabil- 
ity documents. 

b. Provide a concise statement of ap- 
proach, test criteria, test objectives, and the 
scope and length of tests. 

c. Identify the subtests necessary to deter- 
mine the degree to which an item meets or 
exceeds the required operational capabilities 
documents. 

d. Plan and coordinate the test program 
at the earliest possible time. 

e. Integrate test planning for environmen- 
tal testing when suitable climate and terrain 
conditions are available only for short test sea- 
sons. 

/ Make maximum use of existing facilities 
in lieu of new construction and procurement. 

g. Plan for utilization of modern 
mathematical and statistical methods and, 
when cost-effective, automated systems. 

h. Provide for adequate safety precautions, 
based on safety experience on similar test pro- 
grams. 

i. Insure the availability of test support 
materiel. 

6-2.5  TEST SUPPORT PLANNING (Ref. 4) 

Planning for test support must be an in- 
tegral part of test planning and must be in- 
cluded in the early stages of funding and de- 
velopment of coordinated test plans. Necessary 
logistic support, including repair parts, must be 
available throughout the testing cycle in order 
to avoid delay due to failures in materiel under 
test or in ancillary test support equipment. 
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The plan for test support will include: 

a. The listing, quantity, and firm avail- 
ability date of test support and control items 

b. Arrangements for transportation of the 
test items, special tools, special test equipment, 
repair parts, technical literature, and other test 
support items to the test site at the specified 
time 

c. Emergency transportation to avoid pos- 
sible delays during critical test periods 

d. Availability of competent personnel sup- 
port, including contractor assistance when need- 
ed 

e. Availability of testing facilities 

/ Assignment of responsibilities, including 
funding responsibilities 

g. For guided missiles, a statement from 
the appropriate national range commander in- 
dicating his coordination and estimate for ad- 
ditional facilities and instrumentation required 
by the range to support the plan. 

6-2.6   FUNDING (Ref. 3) 

Funding for conduct of tests is dependent 
upon the purpose of the test and/or source of 
the item to be tested. Funds for the devel- 
opment test are programmed and budgeted by 
the materiel developer. Funds required for con- 
duct of operational test are programmed and 
budgeted by the operation test and evaluation 
agency. The costs of conducting the engineering 
tests and development tests I and 11-including 
the cost of test items, support equipment, train- 
ing of personnel, and repair parts-are funded 
from research, development, test, and eval- 
uation (RDT&E) appropriations, except when 
these items are procured by other funds. 

6-2.7  PLANNING 

The coordinated test plan is the key man- 
agement document for assuring that appro- 
priate tests are accomplished and that the ac- 
tivity is properly planned, coordinated, con- 
ducted, analyzed, and reported. 

The coordinated test plan lists the critical 
issues to be addressed by testing. Depending 
on the type of item(s) or systems being devel- 
oped, the areas of risk in the program may 
be related to areas of design or support. The 
tests designated for the test program   should 

insure that the item(s) or system(s) will perform 
in accordance with the intended use. Detailed 
testing may be required in specific design areas 
to verify analytical theoretical concepts in rela- 
tion to the actual performance. Areas in rela- 
tion to fault isolation and level of repair would 
be of prime concern. Once testing verifies the 
design performance, the other areas of main- 
tainability, reliability, and supportability are 
assessed in the test program. Areas of consid- 
eration in test planning are: 

a. Adequate testing in the areas of high 
risk related to design 

b. Proper scheduling for availability of 
resources to conduct the test as planned. 
Resources include equipment, test procedures, 
personnel, time, funding, and support test 
equipment 

c. Contingency plans in case of delays in 
availability of resources 

d. Commitments to other facilities for us- 
age in test program and conformance to local 
restrictions or regulations, if applicable 

e. Assurance that new test, measurement, 
and diagnostic equipment, when essential, will 
be conceived, defined, developed, tested, pro- 
duced, procured, and issued concurrently with 
the end item(s)or system(s) supported 

/ Variability or uniqueness of the test 
method proposed for verification of the per- 
formance 

g. Calibration cycles and time for 
item(s)/system(s) or test support items 

h. Supportability in test program, based on 
fault isolation capability or hardware level. 

6-2.8  TEST DATA IN THE MAINTENANCE 
ENGINEERING ANALYSIS PROCESS 

The results of the test program devel- 
opment and operational tests are used in the 
overall maintenance engineering analysis pro- 
cess. Information generated in relation to sup- 
port resources, (repair parts, publications, train- 
ing, tools and test equipment, maintenance sup- 
port, etc.) is used as the basis for development 
of the test support materiel. Based on the re- 
quirements identified, the materiel is developed, 
procured, or produced to be available for use 
in  the testing,  maintainability  demonstration, 
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and/or maintenance evaluation. Likewise, per- 
formance test data are used to update or refine 
the maintenance engineering analysis data sys- 
tem and to initiate changes in the support 
resources, as required. The test program may 
reveal inadequacies in the technical manuals re- 
lated to operation or maintenance, and deficien- 
cies in the level of fault isolation, requiring 
more spares support, specialized training, or 
higher skill levels. The test programs verify the 
analytical, statistical, or paper analysis efforts 
in the operational environment. Any changes 
or deviations from the initial maintenance en- 
gineering analysis and the test results should 
be resolved. In addition to providing a firm 
foundation for update of the data system, the 
test data also provide a basis for evaluation 
of the maintenance engineering analysis pro- 
cess. The updated data developed for the 
materiel may be used to assist in the main- 
tenance engineering analysis process on com- 
parative equipment. This data bank source of 
information complements the overall analysis 
process. 

Specific data obtained from the test pro- 
gram and used in the maintenance engineering 
analysis process consist of, but are not limited 
to, the following: 

a. Operating life characteristics-Identify 
any wearout tendency that could be offset by 
scheduled preventive maintenance or overhaul. 

b. Reliability characteristics-Describe 
reliability of the item in terms of failure rates 
or mean time between failures. 

c. Task analysis characteristics-Update 
the task analysis flow information and se- 
quences as a result of procedural fault isolation 
and corrective maintenance sequence. 

(1) Teardown sequence—Provide the 
detail in relation to the remove/replace of 
item(s)/equipment(s) or system(s). 

(2) Support resources-Provide the ver- 
ification of the adequacy of publications, tools, 
and skill levels, or the basis for changes to these 
resources. 

(3) Time-to-repair character- 
istics-Identify the elemental times related to 
the time to repair in relation to fault isolation, 
remove, replace, repair, and verify. 

(4) Provisioning and repair 
parts-Provide the data required to finalize the 
maintenance factor (i.e., failures/100 
items/year) to be used in the repair part selec- 
tion process. 

(5) Operational character- 
istics-Pro vide the data to determine the op- 
erational verification after repair ana calibra- 
tion requirements. 

d. Support and planning character- 
istics-Provide verification of these character- 
istics or the basis for changes in hardware de- 
sign, support equipment design, or initiation of 
logistic support trade-offs in relation to 
proposed methods of repair and replacement for 
each level of maintenance, skill levels for each 
level, materiel handling requirements, pro- 
visions for scheduled and unscheduled mainte- 
nance, and climatic and environmental allow- 
ances. 

6-2.9 TEST, MEASUREMENT, AND DIAGNOSTIC 
EQUIPMENT (Ref. 5) 

The following criteria should be considered 
in the selection of test, measurement, and di- 
agnostic equipment for either special tests or 
for deployment. 

a. Optimize effectiveness and utility. 

b. Optimize simplicity of design, main- 
tainability, and reliability. 

c. Eliminate unnecessary preparation and 
duplication. 

d. Insure that the type and quantity 
selected for inventory are justified by need and 
cost effectiveness. 

e. Use available TMDE that is in the Army 
inventory to the greatest extent possible. 
Procurement requests for TMDE shall not be 
processed until the item has been approved by 
the central DA TMDE Activity (Ref. 10). 

/ Insure that test, measurement, and di- 
agnostic equipment, when essential, is con- 
ceived, defined, developed, tested, produced, 
procured, and issued concurrently with the end 
item or system supported. 

g. Acquire and maintain test, measure- 
ment, and diagnostic equipment consistent with 
the modular design/maintenance concept. 
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6-2.10  SAMPLING, ACCURACY, AND CONFIDENCE 
LEVEL (Ref. 6) 

In the test phase, in order to verify certain 
performance parameters of the system, infor- 
mation is obtained and decisions are made 
based on sampling. Sampling techniques are 
necessary or desirable when constraints of cost 
and time are prohibitive, precise information 
regarding total population is not necessary, or 
the test is destructive in nature. Qualification 
and design verification tests fall in the category 
of attitude tests. These are usually goho-go 
tests used to demonstrate that a device is good 
or bad without showing how good or how bad. 
Maintainability tests and maintenance eval- 
uation tests, however, are conducted to deter- 
mine the degree of compliance with the per- 
formance requirements and also to determine, 
in terms of time or the precise conditions re- 
quired, the variance from the maintenance 
resource documentation. 

To avoid bias in the sampling, the total 
sample N is selected at random from the total 
population in which every item has a known 
probability of being selected. From the total 
samples N, task samples n are selected from 
a category, group, or class of item(s), materiel, 
etc., based on the relative frequency of failure. 

The measure of central tendency and the 
dispersion of data are the mean and the stand- 
ard deviation, respectively. The arithmetic 
mean of the population and the arithmetic 
mean of the sample are represented by: 

(6-1) ß = 
TV 

X = 
2X 

n 

where 

ß  = population mean 

(6-2) 

X = sample mean 

N = total population 
n   =  sample population 

X = value of each observation in the pop- 
ulation or sample size 

The standard deviation is a measure of dis- 
persion of the population about the mean, or 
a measure of availability. The standard devia- 
tion of the population and the standard devia- 
tion of the sample are represented by: 

■.V 

-V 

f Z(X- - ß)2 

N 

h(x- -X)* 

(6-3) 

(6-4) 
n 

where 

a  =  standard deviation of the population of 
size TV 

s   = standard deviation of the samples of 
sizen 

The standard deviation of the distribution 
of the sample means aj (standard error of the 
means) is equal to 

Since s is an unbiased estimate of a, 

s 

(6-5) 

(6-6) 

In the case of verification of a mainte- 
nance or maintainability parameter, the basic 
approach is to perform maintenance analysis 
and evaluation on a randomly selected sample 
of items from the total population of items that 
comprise the system (Ref. 6). 

The basic question in testing the main- 
tainability parameters is: How many cases n 
must be evaluated out of a given population 
distribution to assure a given confidence level 
4> that the sample mean will be within a given 
accuracy k? 

Stated more directly, what must the sam- 
ple size n be to insure a 95 percent probability 
4> that the arithmetic mean of the sample will 
be within a 10 percent accuracy k of the true 
mean of the population from which the sample 
was taken? 
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The following points of statistical theory 
are pertinent: 

a. Regardless of the shape of the under- 
lying population distribution, the mean of 
several sample means always will be normally 
distributed, and the mean of the sample means 
will be the same as the population mean. This 
relationship is shown in Fig. 6-3. For example, 
if a sample of 10 cases from a given population 
were taken, the arithmetic mean could be com- 
puted. This sample mean is one estimate of the 
population mean. Additional samples would 
show that these are distributed normally about 
a central value, which is the mean of the sam- 
ple means. 

b. Regardless of the shape of the under- 
lying population distribution, the standard 
deviation aj of the normally distributed sample 
means is affected by the standard deviation a 
of the population distribution and the square 
root of the number of cases n in the sample 
size according to Eq. 6-5 repeated here. 

c. Regardless of the shape of the under- 
lying population distribution, the normal dis- 
tribution of the sample means may be com- 
pressed by increasing the number of cases n 
in each sample. In simple terms, the sample 
means can be forced closer to the population 
mean by increasing the sample size. When the 
number of cases n in the sample equals the 
number of cases in the population N, the stand- 
ard deviation of the sample means is zero; 
therefore, the mean of the sample is equal to 
the mean of the population. 

Restating the basic question in terms of 
the normal distribution of sample means would 
yield: What sample size n is required to assure 
a probability of 0.95 that a particular sample 
mean is within 10 percent of the mean of the 
normally distributed sample means? 

The basic equation for determining the 
confidence level <t> corresponding to the prob- 
ability in question is as follows: 

kX 

<5T 
\li 

(6-7) 

POPULATION DISTRIBUTION 
CURVE P 

Figure 6-3.   Comparison of Population and Sampling Mean Distribution 
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where 

k = accuracy of the prediction given as a 
percent of the mean 

X =  population mean of sample 

o-y = standard deviation of the distribution 
of the sample means 

4> = confidence to be applied to the meas- 
urement (This value is obtained from 
the table of cumulative distribution 
(Table 6-1) and is 1.645 for 95 percent 
confidence.) 

Eq. 6-7 can be restated in terms of pop- 
ulation distribution by substituting Eq. 6-5 for 
o-y, which yields: 

4> 
kX yjn 

(6-8) 

Eq. 6-8 then represents the normal distri- 
bution of the sample means stated in term_£ 
of the population distribution parameters (X 
and (T), assuming that X is the best estimate 
of ix. 

The expression for sample size is derived 
by multiplying both sides of Eq. 6-8 by a/(kX) 
and squaring both sides of the equation which 
yields: 

fti v 
\kX/ 

(6-9) 

Eq. 6-9 may be used to determine the 
number of samples n required to assure a_ con- 
fidence level @ that the sample mean X will 
have an_ accuracy k; i.e., within the range of 
X T kX when the population mean is X and 
the standard deviation is o-. 

The term a/X may be labeled the coeffi- 
cient of variation designated as Cx; thus Eq. 
6-9 becomes: 

n = K)" (6-10) 

In most cases the standard deviation a of 
the population is not known but must be ap- 
proximated. Thus the value of Cx must be ap- 
proximated to establish the magnitude of sam- 

ple size n based on Eq. 6-10. This estimate of 
Cx should be based on experience with similar 
systems from which adequate measures are 
available. Field experience with ground elec- 
tronic equipment has shown that, when applied" 
to this procedure, a practical estimate for Cx js 

1.07 (Ref. 6). 

6-3 MAINTAINABILITY DEMONSTRATION 

A maintainability demonstration is an ef- 
fort to demonstrate the achievement of con- 
tractual maintainability requirements in a sim- 
ulated operational environment. The conduct of 
the demonstration is normally governed by 
MIL-STD-471A (Ref. 8). However, the Army 
may modify the provisions of this standard 
when it is considered to be cost-effective. All 
demonstrations are conducted in accordance 
with a detailed plan. 

Normally, the maintainability demonstra- 
tion is conducted with prototype hardware. 
Therefore, the time frame of its conduct will 
approximate the time at which limited produc- 
tion is initiated. The demonstration is preceded 
by a verification effort and followed by an eval- 
uation. Verification is accomplished, commen- 
cing with initial design and continuing through 
development. The basic purposes of verification 
are to verify predicted maintainability data by 
using development test data, and to detect and 
correct design deficiencies early in the devel- 
opment program. Maintainability evaluation is 
conducted after the materiel is deployed. Its 
basic purpose is to evaluate the impact of the 
actual operational, maintenance, and support 
environment on materiel maintainability. 

A maintainability demonstration is not to 
be confused with maintenance evaluation (par. 
6-5), although tactical-type support equipment, 
tools and test equipment, technical data, repair 
parts, calibration equipment, etc., are used in 
both activities. The maintainability demonstra- 
tion is conducted in a simulated operational en- 
vironment, and faults are inserted to be 
detected while the materiel is operating. The 
basic purpose of the demonstration is to de- 
termine if the fault can be isolated and repairs 
effected with specified resources in a specified 
time. The maintenance evaluation involves the 
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TABLE 6-1.  CUMULATIVE NORMALDISTRIBUTION -VALUES OF P (Ref. 7) 

Values of P corresponding to zp for the normal curve. 
z is the standard normal variable. The value of P for -zp equals 1 minus 
the value of P for +zp , e.g., the P for -1.62 equals 1 - i 3.9474 = 0.0526. 

ZP 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 

0.0 0.5000 0.5040 0.5080 0.5120 0.5160 0.5199 0.5239 0.5279 0.5319 0.5359 
0.1 0.5398 0.5438 0.5478 0.5517 0.5557 0.5596 0.5636 0.5675 0.5714 0.5753 
0.2 0.5793 0.5832 0.5871 0.5910 0.5948 0.5987 0.6026 0.6064 0.6103 0.6141 
0.3 0.6179 0.6217 0.6255 0.6293 0.6331 0.6368 0.6406 0.6443 0.6480 0.6517 
0.4 0.6554 0.6591 0.6628 0.6664 0.6700 0.6736 0.6772 0.6808 0.6844 0.6879 

0.5 0.6915 0.6950 0.6985 0.7019 0.7054 0.7088 0.7123 0.7157 0.7190 0.7224 
0.6 0.7257 0.7291 0.7324 0.7357 0.7389 0.7422 0.7454 0.7486 0.7517 0.7549 
0.7 0.7580 0.7611 0.7642 0.7673 0.7704 0.7734 0.7764 0.7794 0.7823 0.7852 
0.8 0.7881 0.7910 0.7939 0.7967 0.7995 0.8023 0.8051 0.8078 0.8106 0.8133 
0.9 0.8159 0.8186 0.8212 0.8238 0.8264 0.8289 0.8315 0.8340 0.8365 0.8389 

1.0 0.8413 0.8438 0.8461 0.8485 0.8508 0.8531 0.8554 0.8577 0.8599 0.8621 
1.1 0.8643 0.8665 0.8686 0.8708 0.8729 0.8749 0.8770 0.8790 0.8810 0.8830 
1.2 0.8849 0.8869 0.8888 0.8907 0.8925 0.8944 0.8962 0.8980 0.8997 0.9015 
1.3 0.9032 0.9049 0.9066 0.9082 0.9099 0.9115 0.9131 0.9147 0.9162 0.9177 
1.4 0.9192 0.9207 0.9222 0.9236 0.9251 0.9265 0.9279 0.9292 0.9306 0.9319 

1.5 0.9332 0.9345 0.9357 0.9370 0.9382 0.9394 0.9406 0.9418 0.9429 0.9441 
1.6 0.9452 0.9463 0.9474 0.9484 0.9495 0.9505 0.9515 0.9525 0.9535 0.9545 
1.7 0.9554 0.9564 0.9573 0.9582 0.9591 0.9599 0.9608 0.9616 0.9625 0.9633 
1.8 0.9641 0.9649 0.9656 0.9664 0.9671 0.9678 0.9686 0.9693 0.9699 0.9706 
1.9 0.9713 0.9719 0.9726 0.9732 0.9738 0.9744 0.9750 0.9756 0.9761 0.9767 

2.0 0.9772 0.9778 0.9783 0.9788 0.9793 0.9798 0.9803 0.9808 0.9812 0.9817 
2.1 0.9821 0.9826 0.9830 0.9834 0.9838 0.9842 0.9846 0.9850 0.9854 0.9857 
2.2 0.9861 0.9864 0.9868 0.9871 0.9875 0.9878 0.9881 0.9884 0.9887 0.9890 
2.3 0.9893 0.9896 0.9898 0.9901 0.9904 0.9906 0.9909 0.9911 0.9913 0.9916 
2.4 0.9918 0.9920 0.9922 0.9925 0.9927 0.9929 0.9931 0.9932 0.9934 0.9936 

2.5 0.9938 0.9940 0.9941 0.9943 0.9945 0.9946 0.9948 0.9949 0.9951 0.9952 
2.6 0.9953 0.9955 0.9956 0.9957 0.9959 0.9960 0.9961 0.9962 0.9963 0.9964 
2.7 0.9965 0.9966 0.9967 0.9968 0.9969 0.9970 0.9971 0.9972 0.9973 0.9974 
2.8 0.9974 0.9975 0.9976 0.9977 0.9977 0.9978 0.9979 0.9979 0.9980 0.9981 
2.9 0.9981 0.9982 0.9982 0.9983 0.9984 0.9984 0.9985 0.9985 0.9986 0.9986 

3.0 0.9987 0.9987 0.9987 0.9988 0.9988 0.9989 0.9989 0.9989 0.9990 0.9990 
3.1 0.9990 0.9991 0.9991 0.9992 0.9992 0.9992 0.9992 0.9992 0.9993 0.9993 
3.2 0.9993 0.9993 0.9994 0.9994 0.9994 0.9994 0.9994 0.9995 0.9995 0.9995 
3.3 0.9995 0.9995 0.9995 0.9996 0.9996 0.9996 0.9996 0.9996 0.9996 0.9997 
3.4 0.9997 0.9997 0.9997 0.9997 0.9997 0.9997 0.9997 0.9997 0.9997 0.9998 
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determination of maintenance levels and spe- 
cific support resource requirements, perform- 
ance of maintainability analyses, and disassem- 
bly and assembly of materiel, but does not in- 
volve fault 'detection and isolation. 

6-3.1   GENERALREQUIREMENTS 

The requirements that follow apply to all 
maintainability demonstrations. Additional re- 
quirements or changes may be imposed on in- 
dividual procurements. 

a. The maintainability demonstration shall 
be conducted in an environment that simulates, 
as closely as practicable, the operational and 
maintenance environment planned for the item. 
This environment shall be representative of the 
working conditions, tools, support equipment, 
spares, facilities, and technical publications that 
would be required during operational service 
use at the maintenance level defined in the ap- 
proved maintenance plan. 

b. In conjunction with the maintainability 
demonstration, the approved integrated support 
plan, when required, scaled to the number of 
test items used in the demonstration, shall be 
implemented by the test team to identify the 
logistic support provided. 

c. All maintenance data, including depot 
level, shall be recorded and reported to the test 
team as specified by the procuring activity. 

d. Unless otherwise approved by the 
procuring activity, the configuration of the 
items of the system selected for demonstration 
shall be documented and certified by a physical 
configuration audit. 

e. Unless otherwise approved by the 
procuring activity, all support equipment used 
during the demonstration shall be certified by 
a physical configuration audit. 

/ Maintenance tasks that may require 
fault simulation shall require that the item be 
checked for normal operation prior to failure 
simulation and after completion of the specified 
maintenance task. When a failure is simulated, 
it will be the responsibility of the test team 
to select the maintenance task, the failure to 
be simulated, and the failure mode, and to ver- 
ify 'that the degree of failure is representative 
of the maintenance task to be demonstrated. 
The work area in which degradation or failure 
of parts has been simulated shall contain no 

obvious evidence other than that normally 
resulting from the simulated mode of failure. 
The appearance of a defective part that is 
substituted for a serviceable part shall be that 
of a normally failed part. The technician shall 
not witness any fault insertion. Simulation of 
failures by introduction of faulty parts will not 
be used when the normal procedures could 
result in extensive damage to the equipment 
or item being tested. Each defective part is to 
be installed in the equipment in the same man- 
ner as the original part. 

g. For maintenance tasks whose faults 
have been simulated, the presence of necessary 
repair parts, tools, test and support equipment, 
or technical publications shall not assist in fault 
isolation by prematurely identifying the work 
to be done. Such items shall be covered or 
otherwise kept out of sight from the technician. 
However, simulated discrepancy data shall be 
made available, if applicable. 

h. Technicians shall have received the 
training and be of the equivalent skill level as 
specified in the standard personnel resource 
documentation for the specified level of main- 
tenance. 

i. Each maintenance task will be docu- 
mented by personnel designated by the test 
team. The total time measured for a technician 
to perform each maintenance task shall be 
recorded and will include the time to perform 
each element of maintenance time shown in 
Fig. 4-2. Each element will be documented sepa- 
rately. The total delay time for each mainte- 
nance task shall be documented. The test plan 
and procedures shall include delay time rules. 

j. The time required to obtain support 
items (appropriate test and support equipment, 
tools, repair parts, technical publications, etc.) 
from the defined work center area shall be 
recorded. This time shall not, however, be 
chargeable as maintenance task time for the 
item being demonstrated unless this time is 
controlled or influenced by the design of the 
item being demonstrated. 

6-3.7 DEMONSTRATION TEST PLAN 

The procuring agency will determine the 
need for a formal maintainability demonstra- 
tion. The decision will be based on tactical con- 
siderations, mission requirements, cost of tests, 
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and the type of equipment being developed. In 
some cases, the type of equipment (site, 
complexity, etc.) would negate the requirement 
for it demonstration test. In other cases, ad- 
ditional emphasis is stressed by including in- 
centives in the contract. 

When a maintainability demonstration is 
required, the developer is responsible for 
determining operational constraints, tactical 
constraints, and/or trade-off analyses that pro- 
vide a basis for defining the test procedures. 
As a minimum, this information must include 
the maintenance concept, a description of the 
post-deployment maintenance environment, the 
configuration of the equipment to be tested, the 
modes of operation for the test, and the levels 
of maintenance to be demonstrated. 

The developer is responsible for preparing 
a maintainability demonstration plan in accord- 
ance with MIL-STD-471A (Ref. 8). Preparation 
should start at the beginning of the devel- 
opment program.  Before the demonstration is 
conducted, the total plan must receive final ap- 
proval. 

The objective of the maintainability dem- 
onstration plan is to prove the compliance of 
materiel with requirements. The planner must 
be able to locate the documents that establish 
requirements, recognize the statements of qual- 
itative and quantitative maintainability require- 
ments, and then translate these requirements 
into a maintainability demonstration test ob- 
jective. 

The maintainability demonstration test 
plan is the document governing which main- 
tainability requirements will be demonstrated. 
Quantitative requirements are stated as time 
indices, while qualitative requirements are 
stated in terms of materiel design guidelines. 
The plan must include, at a minimum, the fol- 
lowing sections: 

a. Background information 

b. Item interfaces 

c. Test team 

d. Support material 

e. Preparation stage 

/ Demonstration 

g.  Retest. 

6-3.2.1   Background Information 

This section of the demonstration test plan 
describes the conditions under which the dem- 
onstration tests will be performed. It identifies 

the equipment and the indices, and gives the 
maintenance concept, the levels of maintenance, 
and the modes of operation that are to be dem- 
onstrated. It gives the specific test objectives 
and furnishes the information required to con- 
vert the test site and facilities to an environ- 
ment that simulates the one in which tactical 
maintenance will be performed. It identifies the 
agencies who will participate in the demonstra- 
tion and lists the data required from the test. 
This section of the plan furnishes the link be- 
tween the demonstration plan and other per- 
tinent documents that have impacted it (i.e., 
maintenance concept, operational concept, etc.). 

Specific subjects covered in this section 
are: 

a. Quantitative and qualitative main- 

tainability requirements 
b. Maintenance concept 

c. Maintenance environment 

d. Level(s) of maintenance 

e. Sites 

/  Facility requirements 

g.  Participating agencies 

h. Mode(s) of operation of the items, in- 

cluding configuration and mission requirements 
i Items subject to verification, demonstra- 

tion, and evaluation 

j. Data required for completion of the ver- 
ification/demonstration/evaluation. 

6-3.2.2   Item Interfaces 

This section of the demonstration test plan 
forces the planner to evaluate formally the plan 
in the light of the tactical planning and to iden- 
tify any special test requirements and/or con- 
flicts with the tactical plan. The adequacy of 
maintenance planning and the following sup- 
port resources are discussed: 

a. Support and test equipment 

b. Supply support 
c. Transportation, handling, and storage 
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d. Technical data 

e. Facilities 

f. Personnel and training. 

6-3.2.3  Test Team 
This section of the demonstration test plan 

describes the makeup of the test team, gives 
its organization, describes the qualifications, 
quantity, sources, training, and indoctrination 
requirements for the test team personnel, and 
lists the responsibilities of the team. Each team 
member is empowered to make decisions for 
his organization. 

Each team member may have advisers 
from his organization who are knowledgeable 
in the various aspects of maintainability dem- 
onstration. The advisers and their organizations 
and areas also shall be listed in the plan. 

The team shall be organized into two ma- 
jor sections: (l)the demonstration review sec- 
tion, which is responsbile for the conduct of 
the test and for observation and interpretation 
of test results, and (2) the maintenance section, 
which is responsible for the actual performance 
of the required maintenance actions. 

One member of the test team shall be des- 
ignated in the plan as the test director. He 
shall coordinate all activity and serve as ar- 
bitrator for points of contention during the 
demonstration. 

6-3.2.4  Support Material 

This section of the demonstration test plan 
identifies the support resources that will be 
used during the demonstration. The following 
items are included, as applicable: 

a. Support equipment 

b. Tools and test equipment 

c. Technical manuals 

d. Repair parts and consumables 

e. Safety equipment 

/   Calibration equipment. 

6-3.2.5  Preparation Stage 
This section of the demonstration test plan 

essentially describes how and when the 
resources will be acquired with which to con- 
duct the demonstration. Plans are included for 
training  personnel   and  assembling the  test 

team, preparing the test facilities, and for as- 
sembling, checking out, and making a prelim- 
inary validation of the support material listed 
in par. 6-3.2.4. 

6-3.2.6  Demonstration 

This section of the demonstration test plan 
shall include a clear statement of the test ob- 
jectives, a schedule of the tests, a description 
of the task selection method, the test method, 
the data acquisition method, analytical 
methods, calculation methods, a list of data ele- 
ments to be collected, the times to be measured, 
a description of the maintenance tasks, and a 
schedule showing the types of reports required 
and the dates on which they are due. 

The quantitative requirements will be dem- 
onstrated at the system level, unless otherwise 
stated in the contract. The qualitative require- 
ments that require demonstration will be dem- 
onstrated at the end item level. 

Current Military Standards contain ap- 
proved test methods, and are revised period- 
ically. Methods exist to test for mean values, 
critical percentile values, critical maintenance 
times, etc. The planner must select methods 
tailored to meet the requirements at hand. The 
standards also establish sample sizes and pro- 
vide computational methods. Task selection is 
discussed in par. 6-3.3. 

6-3.2.7   Retest 
This section of the demonstration test plan 

contains a provisional schedule for special or 
repeat tests to investigate deficiencies or trou- 
ble areas. Deficiencies shall be corrected in any 
item that has failed to meet the acceptance 
criteria. The corrected portions of the item and 
any other portions of the item affected by the 
correction shall be retested. The maintenance 
tasks to be demonstrated shall be as designated 
by the procuring activity. 

6-3.3  TASK SELECTION 

The objective of task selection is to select, 
from the total population of maintenance tasks, 
a limited number of tasks statistically repre- 
sentative of the total population. Some selection 
considerations are type of materiel, random 
versus stratified sampling, task occurrence fre- 
quency, and sample size. 
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6-3.3.1   Type of Materiel 

Examples of equipment categories for 
which various commodity commands have de- 
velopment responsibility range from automotive 
to aircraft to complex electronic weapon sys- 
tems. In relation to demonstration, it is advis- 
able to break these classes of systems down 
into subsystem categories such as electronics, 
electrical, mechanical, and hydraulic. Each of 
these categories offers a choice of the main- 
tenance task element that is predominant in 
terms of time and other logistic resource con- 
sumption. 

For mechanical or hydraulic subsystems, 
the predominant maintenance task is the re- 
move/replace operation, whereas in electronic 
or electrical systems, the predominant mainte- 
nance task is diagnostics (malfunction isola- 
tion). 

The basis for these observations is: 

a. Diagnostics of mechanical or hydraulic 
systems are usually very quick and simple be- 
cause the human senses (sight, smell, feel, and 
hearing) are the only requirements imposed by 
the level of malfunction isolation required for 
a large percentage of failures. Furthermore, 
most of these systems are not functionally com- 
'plex, and any requirements for simple diagnos- 
tic  aid transducers  or troubleshooting  logic 
diagrams are obvious. On the other hand, com- 
pared to electronic systems, mechanical systems 
offer a limited freedom of choice in the way 
in which they can be packaged, which contrib- 
utes to the basic problem of long access times 
and the heavy attendant burden on other 
logistic resources. 

b. There is a tendency toward doing more 
operations, more accurately and faster with 
electronics today. This makes these systems 
very complex functionally, but still leaves an 
open choice on how the basic elements are pack- 
aged and interconnected. Even if diagnostics 
are performed automatically as part of the 
basic design, the problem arises as to how ef- 
fective this design is in terms of the callout 
size and the percentage of failures for which 
it works. If diagnostics are performed manually, 
the problem arises as to how effective the pro- 
cedures and personnel are and the attendant 
long diagnostic time. 

6-3.3.2  Random Versus Stratified Samples 

The basic choice is between simple random 
sampling and stratified sampling. A simple ran- 
dom sample is one in which all possible tasks 
in the hypothetical population have an equal 
chance of being chosen. A stratified random 
sample is one in which the hypothetical pop- 
ulation is divided into subpopulations, sample 
sizes for each subpopulation are determined 
from selected criteria, and random sampling is 
performed within each subpopulation. 

Historically, proportional stratified sam- 
pling has been used in maintainability. In this • 
method, the sample size from each stratum 
(e.g., maintenance task group) is proportional 
to the population size of the stratum. Thus, if 
there were five strata with relative population 
sizes of 5, 20, 20, 25, 30, and a total sample 
of 50 observations were to be made, two or 
three observations would be selected from the 
first, or smallest, stratum, 10 from the second 
and third, 12 or 13 from the fourth, and 15 
from the largest stratum. 

Table 6-2 compares stratified and simple 
random sampling. Stratified sampling yields 
more efficient tests than simple random sam- 
pling, provided the following conditions are sat- 
isfied: 

a. There is a good basis for stratification. 
b. The  variance  within  each  stratum  is 

small. 
c. The population sizes of the strata are 

known. 

d. Appropriate analytical procedures are 
available. 

The first task in stratification is choosing 
criteria by which to stratify. This involves the 
characteristic by which to stratify, the number 
of strata, and the boundaries defining the in- 
dividual strata. There should be similarities 
among tasks within a stratum, and the tasks 
should require approximately the same amount 
of maintenance time or the same number of 
man-hours, whichever is appropriate. Repairing 
a particular electronic assembly may take ap- 
proximately the same amount of time as re- 
pairing a motor generator, but the differences 
between the two types of actions would make 
it unnatural to place them in the same stratum. 
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TABLE 6-2.  COMPARISON OF STRATIFIED AND SIMPLE RANDOM SAMPLING 

Factor Comparison 

Planning of sample 

Administration of 
sampling procedure 

Analysis of data 

Sampling efficiency 

Subhypotheses 

Representativeness 

Stratified sampling requires more detailed planning and 
knowledge of underlying maintenance task population than 
does simple random sampling. 

Stratified sampling includes all administrative aspects of 
simple random samples plus additional control to meet spec- 
ification sample size criteria. 

Standard analytical methods are based on simple random 
sampling. Stratified analytical procedures for stratified sam- 
ples are relatively complex and may not be available. 

Stratified sampling generally is more efficient than simple 
random sampling, in that variances of sample estimates are 
lower than for simple random samples. 

Stratified sampling provides a means to test hypotheses on 
different portions of the system with adequate control. Such 
control generally is not available for simple random sam- 
pling. 
Stratified sampling provides assurance that sample obser- 
vations from each stratum will be observed. Simple random 
samples can only provide such assurance probabilistically. 

6-3.3.3  Task Occurrence Frequency 

Once the initial set of strata has been es- 
tablished, the frequency of occurrence of the 
tasks in each stratum must be estimated. It 
is important that realistic failure rates be used. 
Preferably, these rates should be maintenance 
factors that truly reflect failures that will be 
experienced after the materiel is deployed. After 
the failure rates are established, the relative 
frequency of task occurrence is calculated as 
shown in Table 6-3. 

6-3.3.4  Number of Tasks 

The number of tasks to be demonstrated 
is established by the test method used. The 
number is identified in the test plan. Some of 
the methods require calculation of sample size. 
When computations are required, they are a 
function of the following variables: 

a. The difference in the specified and max- 
imum tolerable maintenance index values 

b. The consumer's risk 

c. The producer's risk 

d. The   statistical   variance   of  the 
logarithms  of the  maintenance  time  or the ■ 
maintenance times themselves. 

It is desirable to have a large population 
from which the test sample can be selected, 
and a ratio of population to test sample of at 
least 10:1. 

An approved listing of the strata and the 
number of tasks from each that must be in- 
cluded in the test sample are included in the 
maintainability test plan. 

The test plan also includes a list of the 
actions to be taken in disabling the materiel. 
These actions are selected to cause pre- 
determined indications that will require repre- 
sentative maintenance actions. 

The specific tasks that make up the test 
sample are selected by a random selection to 
avoid any prejudicial influence. Unless other- 
wise specified, preventive maintenance tasks 
and qualitative maintainability characteristics 
are demonstrated 100 percent, and sampling 
usually does not apply. If, however, due to costs 
or other considerations,  sampling for these is 
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TABLE 6-3. MAINTENANCE TASK POPULATION 

Maintenance Task 
Expected Number of 

Occurrences in 
Relative 

Maintenance Task 
Group THours Population 

1 Ex Ex/E = pi 
2 E2 E2/E = p2 

e 
Ej/E = 

E, EJE = p. 

E = 2Et 

i - 1 
ZPi  =   1.0 

i = I 

required,  guidelines similar to those followed 
in selecting corrective tasks are followed. 

A quantitative discussion of sample sizes 
and confidence levels is contained in par. 6-2.10. 

6-3.4  CONDUCT OF DEMONSTRATION 

In its broadest sense, a maintainability 
demonstration requires the simulation of faults 
(bug insertion), performing maintenance, collec- 
ting data, reducing data, and reporting. 

6-3.4.1   Bug Insertion 

The method of bug insertion should not 
provide the technician with extraneous infor- 
mation that he would not receive normally 
under actual maintenance conditions. Taping a 
pin, therefore, would not be an acceptable 
method if the level of maintenance or method 
of diagnostics was such that the technician 
could detect the method of bug insertion during 
the maintenance action. Additionally, the bug- 
ged equipment should pose no safety hazards. 

A review of past maintainability demon- 
strations indicates that the fault inducement 
methods involve a great number of disconnects, 
card removals,  wire groundings, and the like, 

to simulate either shorts or opens. These 
methods are relatively easy to accomplish; how- 
ever, they must be controlled so that the equip- 
ment is not damaged and the induced fault can 
be corrected easily upon completion of the 
maintenance observation. Failures resulting 
from out-of-tolerance or degradation conditions 
usually cannot be simulated by these simple 
methods. 

There are several possible approaches to 
inducing noncatastrophic failures: 

a. Replacement of a good part, circuit, or 
assembly with an identical item having an ap- 
propriate type failure. 

b. Insertion of extra nondetectable parts, 
such as a bypass resistor, to simulate an out- 
of-tolerance condition. 

c. Deliberate misalignment. 

6-3.4.2  Maintenance Task Accomplishment 

During the period when the malfunction 
to be simulated is being identified and the 
equipment is being bugged, the personnel of the 
maintenance section should be located remotely. 
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After the equipment has been returned to 
normal appearance, the operational personnel 
apply power and the system is operated until 
malfunction indication is obtained. The main- 
tenance section personnel are then notified, and 
these personnel (including a supervisor) proceed 
to the equipment area. Using the tools, test and 
support equipment, and technical publications 
identified in the maintenance plan, these per- 
sonnel proceed to isolate, correct, and verify 
the fault. 

Care must be taken that the method of 
bug insertion and the presence of repair parts, 
tools, equipment, and/or technical publications 
do not provide premature identification of the 
failed item. 

Maintenance personnel performing mainte- 
nance tasks for the demonstration will be as 
specified in the test plan and they will be 
selected for comparative skill levels with the 
recommended maintenance plan. 

The number of observers should be a func- 
tion of the number of personnel actively en- 
gaged in performing the maintenance and the 
number of locations where maintenance is being 
performed. The number of observers should be 
limited to avoid biasing the times by either in- 
ducing nervousness, which would tend to in- 
crease performance time, or inducing motiva- 
tional over-response, which would tend to de- 
crease performance time of the personnel en- 
gaged in performing the maintenance tasks. 

6-3.4.3   Data Collection 

The purpose of the maintainability dem- 
onstration test is to obtain data that can be 
used to determine the degree to which the 
materiel complies with the maintainability re- 
quirements. 

Data must be collected on the demonstra- 
tion of both qualitative and quantitative main- 
tainability features. The individual data items 
(elements) to be collected will vary with the 
stated maintainability requirements, the 
materiel being demonstrated, and the type of 
requirement (qualitative or quantitative). The 
maintainability demonstration test plan for the 
particular materiel being demonstrated will de- 
scribe the data elements to be collected. The 
formats on which the data will be collected 
should be included in the plan to provide the 

test team with the formats and the guidelines 
for collection of the data. The guidelines should 
include definition and procedures for collecting 
the data. 

Data recorders will be provided task record 
sheets similar to the one shown in Fig. 6-4. 
Fig. 6-5 shows a typical flow diagram, starting 
with preparation of the task record sheet and 
concluding with the recording of data. 

6-3.4.4  Data Reduction and Analysis 

Data reduction and analysis constitute the 
development of the statistics required by the 
statistical demonstration test procedures, such 
as mean number of man-hours to complete cor- 
rective maintenance or the time associated with 
the 95th percentile. 

The assumptions made for the statistical 
test design can first be checked and, if there 
is indication of a disparity, further analysis will 
be required before a decision can be made to 
proceed. An alternate nonparametric test can 
be used, for example, if it is found that a 
lognormal distribution assumption is a poor one. 
The means for calculating the test statistics and 
the application of the decision criteria will have 
been determined beforehand and, once numer- 
ical values are obtained, the decision of accept- 
ing or rejecting is fairly straightforward. 

For example, if test method 1A in MIL- 
STD-471A, (Ref. 8) had been selected as the 
demonstration test method, the demonstrated 
maintenance times are applied to an ac- 
cept/reject formula in the Military Standard, 
and a decision is made. Other materiel main- 
tainability values also may be calculated. The 
data obtained by this test method are designed 
to permit the calculation of mean corrective and 
mean preventive maintenance times. This in- 
formation can be used to calculate such values 
as total active maintenance downtime, mean 
maintenance downtime, and maximum correc- 
tive maintenance downtime. 

6-3.4.5   Reporting 

The final effort of the demonstration ac- 
tivity is the preparation of the maintainability 
demonstration report by the review team. For 
extended test periods, interim reports also may 
have been prepared. 
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TASK NUMBER 

1.     TASK CATEGORY: 

(a) PC Card 
(b) Module 
(c) Power Supply 
(d) Blower 
(e) Miscellaneous 

TASK DESCRIPTION: 

FAILURE MODE (SIMULATED): 

OBSERVED TASK TIME (MINUTES): 

(a) Isolation 
(b) Repair 
(c) Checkout 

Subtotal 
(d) Other 

Total 

NOTES: 

6.      WITNESS/DATE: 

We certify the above information to be true and correct to the best of our knowledge. 

Test Conductor         Date     

Government Representative           Date     

Figure 6-4.   Task Record Sheet 
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The final report need not be unnecessarily 
detailed, since reference can be made to the 
maintainability demonstration test plan. The 
following is a possible format for the report: 

a. Introductory Section. A summary of 
test objectives, including identification of equip- 
ment, manufacturer, contract number (if appli- 
cable), numerical requirements, demonstration 
site, and review team members. 

b. Test Conditions. A summary of the test 
conditions, including maintenance personnel, 
with particular reference to deviations from the 
maintainability demonstration plan. 

c. Test Procedures. A brief review of the 
proceedings of the demonstration test, noting 
particular problems and means taken to over- 
come them. 

d. Test Results. A summary of the ob- 
served data and the results of the analysis made 
for decision purposes. 

e. Discussion. A discussion of the test 
results and analysis, along with qualitative 
findings of the review team and maintenance 
team. Deficiencies in test design and procedures 
should be noted here, as well as deficiencies 
in the maintainability design and procedures as- 
sociated with the equipment under test. 

/ Recommendations. A specific recom- 
mendation for acceptance or rejection of the 
equipment under test and other recommenda- 
tions for improvement in equipment, proce- 
dures, or test design. 

6-3.5   RELATEDACTIVITIES 

Maintenance engineering analysis data de- 
veloped prior to a maintainability demonstra- 
tion provide virtually all of the information re- 
quired to stratify samples and determine task 
frequency within each stratum. These data, cou- 
pled with dynamic simulation or manual ran- 
dom sampling, can be used to simulate a main- 
tainability demonstration and develop predicted 
values for the results of an actual test. Main- 
tenance data from similar deployed materiel 
can be used to develop a second set of predicted 
data. 

If the foregoing sets of data are developed 
before a maintainability demonstration and are 
reasonably equal, a baseline is provided with 
which to assess demonstration results. A wide 

variance between predicted and actual values 
would be cause for a thorough analysis of all 
factors bearing on the demonstration. 

If the demonstration test results are un- 
satisfactory, and the cause is isolated to either 
materiel or support subsystem design deficien- 
cies, alternatives must be formulated and trade- 
offs conducted. Materiel deficiencies may be as- 
sociated with fault isolation, accessibility, safe- 
ty, etc. Support deficiencies may be associated 
with technical publications, inadequate quality 
and quantity of skills, etc. 

6-4 ANALYSIS TECHNIQUES (Ref.9)1 

In making many important decisions, it is 
necessary to predict the values of unknown 
variables. Most such predictions of population 
parameters are made on the basis of sample 
statistics derived from a number of individual 
observations of the population members. Some- 
times, data are available from a number of 
sources and represent a number of samples of 
individual observations. There is usually some 
question as to whether these samples represent 
a common homogeneous population or represent 
populations that are significantly different. 
Sometimes, knowledge of one factor may be 
used to make a better prediction of another. 
This discussion investigates how the knowledge 
of the relationship betweeh two variables may 
be applied so that information regarding one 
of the variables can be used to predict the value 
of the other. The techniques discussed fit into 
the three broad categories of regression 
analysis, correlation analysis, and analysis of 
variance and significance testing. 

Regression and correlation analysis com- 
prises a body of statistical methodology that 
investigates the "association" between variables. 
In par. 6-2.10, one form oi statistical inference, 
using the sample mean X to estimate the value 
of the population mean p was investigated. An- 
other kind of inference, hypothesis testing and 
tests for significance, uses sample means to test 
a hypothesis about a population mean, and may 
be used along with the F distribution statistic 
to compare two population means. A third kind 

'From Statistics for Modern Business Decisions by Lawrence 
L. Lapin, ^J 1973 by Harcourt Brace Jovanovich, Inc. 
and reproduced with their permission. 
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of statistical inference, the chi-square x2 tests, 
uses the contingency table to determine wheth- 
er there is statistical dependence (or in- 
dependence) between two quantitative variables. 
Such a test is concerned with association, but 
it does not say how strongly or in what manner 
two variables are related. Regression and 
correlation analyses provide both these kinds 
of information, since they deal with variables 
having values that may be ranked numerically. 

Regression analysis tells how one variable 
is related to another. It provides an equation 
wherein the known value of one variable may 
be used to estimate the unknown value of an- 
other. When several variables are used to make 
a prediction, the technique used is called mul- 
tiple regression. 

Correlation analysis tells the degree to 
which two variables are related. It is useful 
in expressing the "efficiency" achieved in the 
use of one variable to estimate the value of 
another. It also can identify which factors of 
a multiple-characteristic population are highly 
related, either directly or through a common 
connection to another variable. 

Regression is discussed for a linear rela- 
tionship between two variables, where they are 
interrelated by an equation for a straight line. 
Consideration is also given to nonlinear rela- 
tionships. Correlation analysis is discussed as 
an extension of regression analysis. 

The analysis techniques discussed here 
have one purpose in common. That common 
purpose is to allow prediction of some popu- 
lation parameters from sample statistics within 
the confidence limits dictated by the statistical 
data available. These techniques are based upon 
established statistical and probability thedries. 

The ultimate purpose of any analysis is 
the summarization or generalization of available 
data such that predictions can be made of the 
values of unknown variables, sometimes based 
on the values of known or readily available vari- 
ables. This process provides the information re- 
quired for intelligent decision making. 

It is very important to understand that 
the analysis techniques discussed here will not 
provide magic, automatic solutions to all data 
analysis problems. These techniques are only 
tools that will aid the maintenance analyst in 
making inferences about population parameters 

based on sample statistics with some determi- 
nable degree of accuracy and confidence. 

6-4.1   DESIGN OF EXPERIMENTS 

An experiment is defined as the act or op- 
eration designed to discover, test, or illustrate 
a truth, principle, or effect, especially one in- 
tended to confirm or disprove something that 
is still in doubt; a method of controlled testing 
and direct observation under stated conditions. 

For purposes of this discussion, the ex- 
periment will be considered the ultimate source 
of input data required for an analysis. It may 
be for a performance test, a maintainability 
demonstration, the collection of tests from 
which data have been accumulated for a main- 
tenance engineering analysis data system, or 
merely a questionnaire in which related data 
elements are recorded based on previous ex- 

. perience or experimental techniques. The essen- 
tial parts of each of these experiments is a Sam- 
ple consisting of a number of data elements 
(repair times, replacement rates, unit costs, 
etc.), each of which is the result of an obser- 
vation. The number of observations in each 
sample is referred to as the sample size n. 
Methods of determining the required sample 
size for a given confidence level and standard 
deviation are discussed in par. 6-2.10. Along 
with these essential samples of observations or 
observed data elements may be other data ele- 
ments that are related to these basic data ele- 
ments (system complexity, deployment environ- 
ment, generic failure rates, etc.) and may be 
used to estimate population prediction param- 
eters. 

It is important and, in some cases, essen- 
tial, to know the number of observations in the 
sample from which statistics have been derived. 
Although any population distribution may be 
described in terms of its central tendency n 
and its dispersion a, these two parameters must 
be estimated, in most cases, by the_correspond- 
ing sample statistics for the mean X and stand- 
ard deviation s computed from a sample of 
finite size n. It is apparent from Eq. 6-8 that 
fer a given interval of accuracy k in estimating 
the population mean, the confidence level <j> in- 
creases as the sample size n increases. This fun- 
damental principle emphasizes the importance 
of having an adequate sample size. 
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There are, however, many factors that 
result in physical and economic limitations of 
the number of observations comprising the sam- 
ple, and these factors must be considered in 
designing any experiment. In many cases, the 
time required to obtain sample data is such 
that the analysis results become obsolete or of 
little value. In such cases, the utility of the 
analysis results must be weighed on a time 
scale consistent with the possible number of 
sample observations. Likewise, the cost of ob- 
taining a given number of sample observations 
must be weighed against the possible economic 
gains or the economic risks involved in not ob- 
taining sufficient confidence and accuracy. 

6-4.2   ANALYSIS OF VARIANCE AND SIGNIFICANCE 
TESTING 

Analysis of variance and significance test- 
ing are useful statistical tools in making 
decisions regarding the significance of observed 
differences in data samples. By use of these 
techniques, it is possible to determine whether 
observed differences are due to underlying pop- 
ulation differences or to chance variations in 
the data. 

6-4.2.1   Tests for Significance 

Some decisions require the comparison of 
populations. The comparison usually involves 
the population mean, but also can involve a 
proportion such as the proportion of items 
failed or the proportion of failed ,items repaired 
at each maintenance level. The example that 
follows illustrates the comparison of two pop- 
ulation means, using two independent samples. 

The Army is contemplating starting a 
training program for a new piece of diagnostic 
equipment being fielded. The current procedure 
is to assign a qualified trainee to operate the 
equipment, leaving him to "sink or swim". The 
using command, believing the proposed training 
program to be an unnecessary and expensive 
frill, wants some evidence that the program will 
improve the quality of maintenance support. 

A test is proposed whereby two separate 
groups of trainees will be compared. Group B 
trainees will undertake the new program, while 
group A trainees will go right to work. (The 
group subject to the new procedure sometimes 

is referred to as the experimental group, and 
the other is called the control group.) The re- 
pairmen are to be chosen for the two groups 
and assigned to repair locations on a random 
basis so that each group will have the same 
number of repair stations of various levels of 
difficulty. The criterion by which the two train- 
ing approaches will be evaluated is the mean 
percentage of change in the number of defective 
units correctly diagnosed by each member of 
each group over a 3-month period. The mean 
number of units d_iagnosed_ (sample statistics) 
will be denoted by XA and XB for the respective 
groups representing the means (population pa- 
rameters) of HA and PB, respectively. Since the 
using command requires evidence to establish 
the superiority of the new method, the following 
hypotheses are tested: 

Ht)\ pA   > PB (present method at least 
as good) 

Hi', PA   
< VB (proposed method signifi- 

cantly better) 

Letting D = PA — PB, these may be ex- 
pressed as 

H0: D > 0 

Hx: D < 0 

The stated hypotheses indicate that the 
test will be a lower-tail test. This means that 
the area of concern is that proportion of the 
area under the normal curve that lies to the 
left of the mean and below the critical value 
defined for acceptance of No, the null 
hypothesis. By contrast, an upper-tail test 
would be concerned with the proportion of the 
area that lies to the right of the mean and 
above the critical value for acceptance of Ho. 
A two-tail test is concerned with both the upper 
and lower tails and includes two critical values, 
one above the mean and one below the mean. 
The null hypothesis H0 always represents the 
assumption of no significant difference, while 
the alternate hypothesis, Hi , represents the 
assumption that the difference is significant. 
Rejection of H0 requires acceptance of ifi. 

The appropriate test statistic d is the dif- 
ference between the corresponding sample val- 
ue. 

d = XA - XB (6-11) 
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We use d* to denote the critical value for the 
test statistic. The following decision rule is ap- 
propriate here: 

Accept H0   (retain the present procedure) 
if d > of*. 

Reject H0  (adopt the proposed procedure) 
if d <d*. 

The sampling distribution of d must be de- 
termined in order to find d*. As the standard 
deviations for the populations are unknown, 
they must be estimated from the sample 
results. The sampling distribution of XA and 
Xßi may be approximated by the normal curve 
if the sample size is sufficiently large (usually 
30 or more). Since samples are chosen inde- 
pendently, d also will be distributed normally, 
with mean 

and standard deviation 

V («A)
2 (aBP 

(6-12) 
nA nB 

where OA and aB are the standard deviations 
of the populations of the percent changes in 
units diagnosed that would prevail under the 
respective training procedures. Here, nA and nB 

denote the sample sizes (number of repairmen) 
of the respective groups. (These refer to the 
number of trainees completing the 3-month ex- 
periment. Those repairmen dropping out are not 
counted.) Letting the sample standard devia- 
tions, denoted by sA and sB, be estimators of 
aA and ag, the following estimate of s^ is de- 
termined: 

■Srf   = V {SA)
2
       (SB)

2 

  +   (6-13) 
nA nB 

The normal deviate za corresponding to an 
upper-tail area equal to the significance level 
a is related to d* and sd by: 

d* 

and therefore, the critical value may be ob- 
tained from: 

d*  = 
Vis A )2       (ss 

nA nB 

)2 

(6-14) 

Suppose the using command wants only 
a 0.05 chance of assuming the cost of the new 
training program when it is not better. Then 
or = 0.05, and z„ = zIJM = -1.64 (Table 6-1). 
The groups each have 30 trainees finish the 
3-month experiment. The results are tabulated 
in Table 6-4. By use of these data, d* from 
Eq. 6-14 is: 

d*  = (-1.64) V 25.64       25.85 
   +   =   -2.15 

30 30 

Since the test statistic has the value by 
Eq. 6-11 

XA  — Xu 3.267 - 5.267 = -2.00 

which is larger (more positive) than d* = 
- 2.15, hypothesis HQ that the new training 
method is no improvement must be accepted. 

The procedure illustrated in this example 
may be adapted when either an upper-tail or 
a two-tail test is appropriate. With the upper- 
tail test, za will be positive, and the critical 
value is calculated from Eq. 6-14. For a two-tail 
test, there are two critical values, d*i and d*-> ■ 
The normal deviate za/2 is found that corre- 
sponds to an upper-tail area under the normal 
curve equal to a/2. The critical values are then 
calculated from: 

za/2 

d*\   = ~d* 

(SB)
2 

nB (6-15) 

This procedure also may be used to de- 
termine if the data taken from several sources 
and constituting several independent samples 
are representative of the same homogeneous 
population and, as such, may be combined into 
one overall sample, or represent samples from 
populations that are significantly different and 
should be analyzed separately. 
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TABLE 6-4. TEST RESULTS BASED ON INDEPENDENT SAMPLES 

Group A Group B 

Percentage Percentage 
Trainee Change, XA A4)2 Trainee Change, XB (XBy' 

1 -2 4 1 3 9 

2 -10 100 2 14 196 

3 0 0 3 10 100 

4 7 49 4 -8 64 

5 6 36 5 7 49 

6 -3 9 6 -4 16 

7 7 49 7 7 49 

8 7 49 8 0 0 

9 6 36 9 8 64 

10 12 144 10 5 25 

11 5 25 11 4 16 

12 11 121 12 8 64 

13 2 4 13 5 25 

14 3 9 14 10 100 

15 3 9 15 12 144 

16 6 36 16 6 36 

17 3 9 17 12 144 

18 6 36 18 5 25 

19 1 1 19 8 64 

20 11 121 20 5 25 

21 9 81 21 -3 9 

22 4 16 22 7 49 

23 0 0 23 10 100 

24 -2 4 24 3 9 

25 -5 25 25 -1 1 

26 5 25 26 5 25 

27 3 9 27 5 25 

28 -5 25 28 -2 4 

29 4 16 29 9 81 

30 4 

98 

16 

1,064 

30 8 

158 

64 

1,582 
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TABLE 6-4.  TEST RESULTS BASED ON INDEPENDENT SAMPLES (Cont'd) 

Group A Group B 

Trainee 
Percentage 
Change, XA (XA)2 Trainee 

Percentage 
Change, XB (XB)2 

XA  = 

xB= 

(sA)
2 = 

2XA 98 

nA 30 

2XB 158 

! 
=  3.267 

by Eq. 6-2 

=  5.267 
nB       30 

S(ZA)
2
 - nA(XA)

2     1,064 - 30(3.267)2 
= 25.64 

Ir..     \0 
vif r 

nA   -   1 30-1 

2(XB )2 - nB(XB )2       1,582 - 30(5.267)2 
by Eq. 64 

nB  -  1 30-1 
= 25.85 

6-4.2.2  Analysis of Variance 

The foregoing discusses tests that compare 
two population means by investigating differ- 
ences among sample results obtained from each 
population. When more than two populations 
are involved, such tests are inadequate. Sup- 
pose, for example, that we wish to compare the 
mean repair turnaround time for a group of 
unit replaceable items at three different repair 
locations. By use of the testing procedures of 
par. 6-4.2.1, comparisons could be made of the 
repair turnaround times of location 1 versus 
location 2, location 1 versus location 3, or loca- 
tion 2 versus location 3; but simultaneous com- 
parisons of all populations would not be pos- 
sible. 

We will now describe one method for si- 
multaneously testing hypotheses regarding 
several populations, in particular to determine 
if they have the same mean (i.e., the population 
means are not significantly different). In doing 
this, we will analyze samples taken from each 
population. Our testing procedure will be to fer- 
ret out significant differences among the Sam- 
ple means by investigating variances. 

In comparing several population means by 
indirect use of samples, our null hypothesis is 
that the population means are identical. Using 
samples obtained from each population, we will 
calculate a test statistic summarizing differ- 
ences among samples to provide a basis for re- 
jecting or accepting the null hypothesis. The 
same procedures may be applied to a related 
problem of determining whether or not several 
samples actually represent a common popu- 
lation. 

This type of problem and the related 
statistical procedures are introduced by means 
of the following detailed example that compares 
the means of three populations. The system sup- 
port manager at a missile test range in the 
West is concerned with the choice of alternative 
methods of transportation of rush repair orders 
for small assemblies repaired in the East. In 
the past, he has, on occasion, used all of the 
following methods: ordinary mail, air freight, 
and handcarry by personnel on business trips. 
He has been unable to determine from his 
records which method is quickest. Therefore, he 
wishes to apply statistical techniques in order 
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to see whether or not there is a significant dif- 
ference in turnaround time of repaired assem- 
blies under the various transportation methods. 

A random sample of previous rush repair 
orders is selected for a detailed analysis to de- 
termine elapsed time between sending a defec- 
tive assembly and receipt of the repaired as- 
sembly. The times obtained for each of the 
three methods are provided in Table 6-4. The 
columns provide the sample observations ob- 
tained for each method of transportation. Each 
row represents a different observation for each 
mode of transportation. Letting i refer to the 
ith row andj thejth column, we can express 
the ith sample observation in thejth sample 
by Xij . For example, X23 = 4 (the second ob- 
servation of the third sample group, delivery 
by air freight). We denote the mean of each 
sample by the average of the entries in its col- 
umn: 

SI» 

Z = (6-16) 

where wy = size of thejth sample with j = 1, 
2, ..., m (number of samples). The subscript i 
under the summation sign means that we are 
summing by rows the entries in thejth column. 
Notice that the samples have different sizes. 
We have n\ = 6, n^ = 5, and n$ = 7. The 
mean of the combined samples, called the grand 
mean and denoted by X (X double bar), is cal- 
culated from: 

2 2 Xu 

X = (6-17) 

where the total number of observations is 

n  = Vnj (6-18) 
j 

and the double summation means that the total 
is obtained by first summing the row entries 
separately for each column and then summing 
these column totals. (See Table 6-5 for an ex- 
ample of this calculation.) 

The system support manager wishes to de- 
termine if the three populations of turnaround 

times of rush repair orders are significantly dif- 
ferent. If so, he may find it advantageous to 
emphasize one means of transportation over the 
other two. Let MI represent the mean time for 
mail and M2 and M3 denote the mean times for 
handcarry and air freight, respectively. We may 
then express the appropriate null hypothesis, 
that the population means are identical, as: 

Ho', MI  =  112 =  11.3 

The alternative hypothesis is simply that the 
population means are not equal, i.e., at least 
one pair of M; 'S differ. 

As with any testing problem, a test 
statistic is desired that will (1) highlight the 
differences between the sample results and 
what would be expected under the null 
hypothesis, and (2) have a convenient sampling 
distribution by which to measure the effect of 
sampling error. As we have seen, the amount 
of sampling error may be conveniently estab- 
lished from the variability of the sample 
results. We may also use the variability of the 
results to express differences. For instance, if 
several values are very different, then we have 
seen that their dispersion, expressed by the 
variance, will be greater than if the values are 
very nearly the same. When many values are 
involved, their collective differences can be 
summarized by the variance of their distribu- 
tion. 

Since we are dealing with several popu- 
lations, we can use the sample statistics to 
estimate three kinds of variability. They are 
(1) the variation within each sample, (2) the 
variation between samples, and (3) the total 
variation of all sample observations without 
regard to sample grouping. We desire a statistic 
that incorporates all these types of variability 
so that there will be efficient utilization of sam- 
ple information. 

Under the null hypothesis, all the samples 
are taken from populations having the same 
mean. We shall make the additional assumption 
that their populations have identical distribu- 
tions. This conveniently allows us to treat each 
sample as a different group of observations 
from the same population. 

We use the variance primarily because of 
its convenient mathematical properties. Recall 
that the variance is the mean of the squared 
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TABLE6-5.  SAMPLE RESULTS OF TRANSPORTATION TIMES 

(Method of Transportation) 
Time in Days 

Sample 
Observation 

(1) 
Mail 

(2) 
Handcarry 

(3) 
Air Freight 

1 3 5 2 
2 4 2 4 
3 5 9 6 
4 3 7 2 
5 3 7 3 
6 3 ~ 3 
7 

Totals 21 30 

1 

21 

Means: 
21 

6 
= 3.5 

x2 = 
30 

5 
= 6.0 

x3 = 
21 

7 
= 3.0 

x = 
21 '+ 30 + 21 

= 4.0 
6 + 5 + 7 

deviations of the observations from their mean. 
As a preliminary step in presenting our test 
statistic, we consider the sum of the squared 
deviations, whjch we shall refer to as SS. 

To calculate the within-group SS, we first 
find the group mean. This mean is subtracted 
from each of the observed values in its group. 
The differences are then squared and summed 
together for all groups. Table 6-6 shows the 
calculations for this example. The first three 
columns relate to the first sample group. For 
brevity, only the squared differences have been 
included for the second and third sample 
groups. In general we may calculate the within- 
group sum of squares, denoted by SSW, from: 

SSa =  22(^-J0)2 (6-19) 

The between-group SS provides a summary 
of the variability between the sample means. 

This is calculated in Table 6-5 for our example. 
A general expression for the calculation, which 
we denote by SSt,, is: 

SSb  = 2 rtj (Xj - ff (6-20) 

In order that each observation will be 
counted exactly once, the squared terms in the 
sum are multiplied by the respective group size 
n}. 

Had we initially ignored the groupings of 
the sample observations, we could have deter- 
mined the SS for a single sample. The results 
obtained, called the total sum of squares and 
denoted by SSt , may be determined from: 

SSt =22 (XtJ - X)* (6-21) 

Using the values in Table 6-4, we calculate 
SSt for our 18 observations: 

SSf  = (3 - 4)2 + (4 - 4)2 
+ + (1 - 4F  =76 
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TABLE 6-6. SUM OF SQUARES CALCULATIONS FOR TRANSPORTATION SAMPLES 

Äi Xa-Xi (Xn-JTrf       (Xi2-12)2       (XiS-Xs)2 

1 3 -0.5 0.25 1 1 
2 4 0.5 0.25 16 1 
3 5 1.5 2.25 9 9 
4 3 -0.5 0.25 1 1 
5 3 -0.5 0.25 1 0 
6 3 -0.5 0.25 — 0 
7 - ... — — 4 

Totals 0 3.50 

SS„ = ^(X>i-X,)2 

= 3.5 + 28 + 16 = 47.5 

SSb =  Znj(Xj-X^ 

= 6(3.5 - 4)2 + 5(6.0 - 4)2 + 7(3.0 - 4)2 

= 28.5 

28.00 16.00 

Notice that if we add the within-group and the 
between-group SS values, we. get the same 
results: 

SS,,  + SSb =  47.5 + 28.5= 76 

that 
In general, it can be shown mathematically 

SSt — SSW T SSb (6-22) 

for any set of sample results. 

Eq. 6-22 shows that the two components 
of total variation are the unexplained SSW and 
the explained SSb • Our task is to determine 
whether or not the explained variation is suffi- 
ciently significant to warrant rejecting the null 
hypothesis. 

Up to this point, we have looked at two 
kinds of variability expressed by the degree to 
which the sample results deviate from what is 
expected when the null hypothesis is true. This 
may be done by comparing the variability 
within and between groups. Regardless of 
whether or not Ho is true, we should expect 
some chance variation within  each  sample, 

since this is natural for any random sampling 
experiment. But under Ho , that the population 
means are identical for each method of trans- 
portation, the amount of variation between 
groups should be small. Therefore, under the 
null hypothesis, the two kinds of variability 
should be about the same. 

In comparing the within-group and 
between-group variations, it will be convenient 
to focus on their ratio. Although other types 
of comparison could be made, a straightforward 
sampling distribution for the resulting statistic 
is available when one measure of variability is 
divided by the other. 

We cannot immediately divide the sums 
of squares. Recall that SSW is the sum of n 
(18 observations, in our example) squared dif- 
ferences, while m (three groups, in our example) 
squares are used to calculate SSb ■ Each SS val- 
ue must be converted into an average before 
the two are comparable. We then have sample 
variances, which we shall call mean squares 
to avoid confusion with the population vari- 
ances.  Mean   squares  may  be  viewed   as 
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estimators of the population variances, which 
are equal to a common u2 under the assumption 
that the samples are taken from identical pop- 
ulations (Ho is true). These estimators are un- 
biased when the proper divisors are chosen. We 
express the within-group mean square as 

MSm = 
SSU 

(6-23) 
n —   m 

In   a  similar  manner,   we   define   the 
between-group mean square as 

MSh = 
SSh 

m 1 
(6-24) 

In our repair turnaround time example, n 
= 8 and m = 3. Using the sums of squares 
defined previously, we obtain the mean squares: 

MS„ = 
47.5 

-  3.17 
18-3 

MSh = 
28.5 

3 -  1 
=   14.25 

Note that the between-group mean square 
is more than four times as large as the within- 
group value. Under the null hypothesis of iden- 
tical population means, they should be very 
nearly the same. Such a large difference seems 
unlikely under the null hypothesis, and it may 
be "explained" by different population means. 
We need yet to determine just how unlikely 
a discrepancy this size would be under the 
hypothesis of equal means. 

We may now calculate the ratio of the 
mean squares, called the F statistic, using it 
as our test statistic: 

MSb 

F = 
SSb/(m -1) 

MS,        SSw/(n-m) 

For our example, we calculate this to be 

14.25 
F =     =  4.50 

3.17 

(6-25) 

Under the null hypothesis, we should ex- 
pect values for F to be close to 1, because MSb 
and MSW are both unbiased estimators of the 
common population variance <x2. In order to es- 
tablish a decision rule, we must establish the 
sampling distribution of this test statistic. From 
this, we can find a critical value that will tell 
us whether or not the calculated value of F 
is large enough to cause rejection of the null 
hypothesis. The probability distribution we use 
is called the F distribution. Under the proper 
conditions, we may use the F distribution to 
obtain probabilities for possible values of F. 
There are two parameters describing the F dis- 
tribution. These parameters relate to the 
number of observations involved and the rela- 
tions between them, and are referred to as de- 
grees of freedom. The F distribution has two 
kinds of degrees of freedom, owing to our use 
of a ratio to define our test statistic. One type 
of degree of freedom is associated with the nu- 
merator of the test statistic, the other with the 
denominator. 

We may view the n — m divisor used in 
calculating MSU, as the number of degrees of 
freedom associated with using MSU! to estimate 
a-2. This is due to the fact that in calculating 
the sum of squares, each term involved an Xj, 
which was calculated from the Xj, values. For 
a given fixed value of % only n, — 1 of the 
Xij's are free to assume any value, the last one 
being explicitly determined by all the others. 
For m groups, then, the number of free vari- 
ables is only 2(n; - 1) = n  - m. 

The number of degrees of freedom in using 
MSb to estimate <x2 is m - 1. Here, getting 
the sum of squares involves calculation of X, 
which may be expressed in terms of X/s. For 
a fixed value of X, all but one of the Xj 's are 
free to vary. 

The rule for the pair of degrees of freedom 
for the F distribution is: 

numerator  = m  —   1 
denominator  = n  — m 

(6-26) 

where m = the number of samples and 
n = the combined sample size. In our example, 
m = 3 and n = 18, so that we obtain the fol- 
lowing degrees of freedom: 

For the numerator: 3—1 = 2 

For the denominator: 18 — 3 = 15 
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TheF distribution curve is positively skew- 
ed, with possible values ranging from zero to 
infinity. There is a different distribution for 
each degrees-of-freedom pair. Since the F dis- 
tribution is continuous, probabilities for the Val- 
ues of F are provided by the area under the 
curve in the same manner as with the normal 
distribution. The critical values for upper-tail 
areas under the F distribution are provided in 
many books of statistical tables. Table 6-7 pro- 
vides the values for F„ that correspond to a 
given upper-tail area CY and a specified degrees- 
of-freedom pair. For each value of denominator 
degrees of freedom, the upper line shows values 
for FR.Oö (for 95 percent confidence) and the 
lower line shows values for F0M (for 99 percent 
confidence). 

The decision rule for the F statistic will 
reject the null hypothesis when large values of 
F are obtained. These will all be greater than 
one, since only then does the between-group 
mean square MSb deviate significantly from the 
within-group mean square MSW . The decision 
rule will be: 

Accept H0 i£F<Fa 

Reject i/o if F > Fa 

F„ is the critical value for the desired level 
of significance CY. In our example, suppose that 
a value of CY = 0.05 is selected. The decision 
rule would be applied by selecting the value 
-2*0.05 = 3.68 from Table 6-7 (numerator = 2; 
denominator = 15) and comparing it with F 
= 4.50. Since 4.50 > 3.68, the null hypothesis 
is rejected, and it is concluded that the methods 
of transportation are significantly different. 
Had the value of CY been set at 0.01, i^o.oi   = 
6.36 would have been selected from Table 6-7, 
and the null hypothesis would have been ac- 
cepted since 4.50 < 6.36. 

6-4.3  REGRESSION ANALYSIS AN D CURVE FITTING 

The primary goal of regression analysis 
and curve fitting is to obtain predictions of one 
variable using known values of another. These 
predictions are made by means of an equation 
such as Y = A + BX, Y = AB* or Y = AXB, 
which provides the estimate of an unknown 
variable Y when the value of another variable 
X is known. Such an equation is referred to 
as a regression equation. Unlike the results of 
ordinary .mathematical equations, such as^i  = 

b X h for the area of a rectangle, we cannot 
be absolutely certain about the value of Y ob- 
tained from the regression equation. This is be- 
cause of the statistical variability inherent in 
most variables encountered in data collection 
and analysis problems. Thus, predictions made 
from regression equations are subject to error, 
so that these are only estimates of the true, 
real-life value. 

Regression analysis begins with a set of 
data involving pairs of observed values, one 
number for each variable. From these, a 
regression equation will be determined. Because 
the use of sample data gives rise to sampling 
error, accuracy of the estimates provided by 
the regression equation will depend upon the 
sample size and the variability of the sample 
data. 

The first step in regression analysis is to 
plot the value pairs as points on a graph. The 
horizontal axis corresponds to values of the 
variable X and the vertical scale represents Val- 
ues of the variable Y. Table 6-8 shows an ex- 
ample of paired values, and Fig. 6-6 shows the 
graph of these values. The points obtained in 
Fig. 6-6 are spread in an irregular pattern. For 
this reason, such a plot is referred to as a scat- 
ter diagram. 

The next step is to find a suitable function 
to use for the regression equation, which will 
provide the predicted value for Y for a given 
value of X. The clue in finding an appropriate 
regression equation is the general pattern rep- 
resented by the points on the scatter diagram. 
A cursory examination of the data in the ex- 
ample indicates that a straight line, like that 
shown in Fig. 6-6, might provide a meaningful 
summary of the information provided in the 
shipment data. It seems to "fit" the rough pat- 
tern of scatter by the data points. 

The linear relationship is conceptually the 
simplest. The general equation for a straight 
line is Y = A "■" BX. The constant A is the 
value for Y obtained when X = 0, so that Y 
= A + B(0) = A, and is referred to as the 
Y intercept. The constant B is the slope of the 
line, representing the change in Y for a given 
change in X. It must be emphasized that a 
straight line is not always an appropriate'func- 
tion relating Y and X. In most cases, however, 
it is possible to transform the functional rela- 
tionship into a form easily accommodated by 
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TABLE6-7. F DISTRIBUTION( Ref. 7) 

f\ 

Degrees of Degrees of Freedom in ! Numerator 
Freedom in 

Denominator 1 2 3 4 5 6 7 8 9 10 11 12 

1 161 200 216 225 230 234 237 239 241 242 243 244 
4,052 4,999 5,403 5,625 5,764 5,859 5,928 5,981 6,022 6,056 6,082 6,106 

2 18.51 19.00 19.16 19.25 19.30 19.33 19.36 19.37 19.38 19.39 19.40 19.41 
98.49 99.00 99.17 99.25 99.30 99.33 99.36 99.37 99.39 99.40 99.41 99.42 

3 10.13 9.55 9.28 9.12 9.01 8.94 8.88 8.84 8.81 8.78 8.76 8.74 
34.12 30.82 29.46 28.71 28.24 27.91 27.67 27.49 27.34 27.23 27.13 27.05 

4 7.71 6.94 6.59 6.39 6.26 6.16 6.09 6.04 6.00 5.96 5.93 5.91 
21.20 18.00 16.69 15.98 15.52 15.21 14.98 14.80 14.66 14.54 14.45 14.37 

5 6.61 5.79 5.41 5.19 5.05 4.95 4.88 4.82 4.78 4.74 4.70 4.68 
16.26 13.27 12.06 11.39 10.97 10.67 10.45 10.29 10.15 10.05 9.96 9.89 

6 5.99 5.14 4.76 4.53 4.39 4.28 4.21 4.15 4.10 4.06 4.03 4.00 
13.74 10.92 9.78 9.15 8.75 8.47 8.26 8.10 7.98 7.87 7.79 7.72 

7 5.59 4.74 4.35 4.12 3.97 3.87 3.79 3.73 3.68 3.63 3.60 3.57 
12.25 9.55 8.45 7.85 7.46 7.19 7.00 6.84 6.71 6.62 6.54 6.47 

8 5.32 4.46 4.07 3.84 3.69 3.58 3.50 3.44 3.39 3.34 3.31 3.28 
11.26 8.65 7.59 7.01 6.63 6.37 6.19 6.03 5.91 5.82 5.74 5.67 

9 5.12 4.26 3.86 3.63 3.48 3.37 3.29 3.23 3.18 3.13 3.10 3.07 
10.56 8.02 6.99 6.42 6.06 5.80 5.62 5.47 5.35 5.26 5.18 5.11 

10 4.96 4.10 3.71 3.48 3.33 3.22 3.14 3.07 3.02 2.97 2.94 2.91 
10.04 7.56 6.55 5.99 5.64 5.39 5.21 5.06 4.95 4.85 4.78 4.71 

11 4.84 3.98 3.59 3.36 3.20 3.09 3.01 2.95 2.90 2.86 2.82 2.79 
9.65 7.20 6.22 5.67 5.32 5.07 4.88 4.74 4.63 4.54 4.46 4.40 

12 4.75 3.88 3.49 3.26 3.11 3.00 2.92 2.85 2.80 2.76 2.72 2.69 
9.33 6.93 5.95 5.41 5.06 4.82 4.65 4.50 4.39 4.30 4.22 4.16 

13 4.67 3.80 3.41 3.18 3.02 2.92 2.84 2.77 2.72 2.67 2.63 2.60 
9.07 6.70 5.74 5.20 4.86 4.62 4.44 4.30 4.19 4.10 4.02 3.96 

14 4.60 3.74 3.34 3.11 2.96 2.85 2.77 2.70 2.65 2.60 2.56 2.53 
8.86 6.51 5.56 5.03 4.69 4.46 4.28 4.14 4.03 3.94 3.86 3.80 

15 4.54 3.68 3.29 3.06 2.90 2.79 2.70 2.64 2.59 2.55 2.51 2.48 
8.68 6.36 5.42 4.89 4.56 4.32 4.14 4.00 3.89 3.80 3.73 3.67 

16 4.49 3.63 3.24 3.01 2.85 2.74 2.66 2.59 2.54 2.49 2.45 2.42 
8.53 6.23 5.29 4.77 4.44 4.20 4.03 3.89 3.78 3.69 3.61 3.55 

17 4.45 3.59 3.20 2.96 2.81 2.70 2.62 2.55 2.50 2.45 2.41 2.38 
8.40 6.11 5.18 4.67 4.34 4.10 3.93 3.79 3.68 3.59 3.52 3.45 

18 4.41 3.55 3.16 2.93 2.77 2.66 2.58 2.51 2.46 2.41 2.37 2.34 
8.28 6.01 5.09 4.58 4.25 4.01 3.85 3.71 3.60 3.51 3.44 3.37 

19 4.38 3.52 3.13 2.90 2.74 2.63 2.55 2.48 2.43 2.38 2.34 2.31 
8.18 5.93 5.01 4.50 4.17 3.94 3.77 3.63 3.52 3.43 3.36 3.30 

20 4.35 3.49 3.10 2.87 2.71 2.60 2.52 2.45 2.40 2.35 2.31 2.28 
8.10 5.85 4.94 4.43 4.10 3.87 3.71 3.56 3.45 3.37 3.30 3.23 

21 4.32 3.47 3.07 2.84 2.68 2.57 2.49 2.42 2.37 2.32 2.28 2.25 
8.02 5.78 4.87 4.37 4.04 3.81 3.65 3.51 3.40 3.31 3.24 3.17 

22 4.30 3.44 3.50 2.82 2.66 2.55 2.47 2.40 2.35 2.30 2.26 2.23 
7.94 5.72 4.82 4.31 3.99 3.76 3.59 3.45 3.35 3.26 3.18 3.12 

23 4.28 3.42 3.03 2.80 2.64 2.53 2.45 2.38 2.32 2.28 2.24 2.20 
7.88 5.66 4.76 4.26 3-94 3.71 3.54 3.41 3.30 3.21 3.14 3.07 

24 4.26 3.40 3.01 2.78 2.62 2.51 2.43 2.36 2.30 2.26 2.22 2.18 
7.82 5.61 4.72 4.22 3.90 3.67 3.50 3.36 3.25 3.17 3.09 3.03 

25 4.24 3.38 2.99 2.76 2.60 2.49 2.41 2.34 2.28 2.24 2.20 2.16 
7.77 5.57 4.68 4.18 3.86 3.63 3.46 3.32 3.21 3.13 3.05 2.99 

26 4.22 3.37 2.98 2.74 2.59 2.47 2.39 2.32 2.27 2.22 2.18 2.15 
7.72 5.53 4.64 4.14 3.82 3.59 3.42 3.29 3.17 3.09 3.02 2.96 
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TABLE 6-8.  SAMPLE OBSERVATION OF PAIRED VALUES FOR 
DISTANCE AND TRANSPORTATION TIME 

Destination Distance X, miles Time Y, days 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

210 

290 

350 
480 

490 

730 
780 

850 

920 

1010 

5 

7 

6 

11 

8 

11 

12 

8 

15 

12 

SHIPPING 
TIME, 
DAYS 

600 800 

DISTANCE, MILES 

Figure 6-6.   Scatter Diagram for Shipping Time Y Versus Distance X 
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the linear regression procedure. For example, 
the exponential curve of the form Y = ABX 

may be transformed to the linear form log Y 
= log A + (log B)X. In this case, log Y is 
plotted on the Y axis, log A represents the Y 
intercept, and log B represents the slope of the 
line (the transformed functional relationship). 
Likewise, a power function of the form Y = 
AXB may be transformed to the linear form 
log Y = log A T B logX. Here log X is treated 
as the independent variable and B is the slope 
of the transformation line. 

The line used to describe the relationship 
between Y and X is generally obtained from 
sample data and is called the estimated 
regression line. It expresses the average rela- 
tionship between the X and Y variables. This 
provides an estimate of the mean level of the 
dependent variable Y when the value of X is 
specified. Because the estimated regression line 
provides estimates only, we use the symbol Yx 
to represent the values obtained from the linear 
estimated regression equation: 

Yx = A +BX (6-27) 

The third step in regression analysis is the 
determination of the parameters A and B of 
the regression equation. The most common 
technique for doing this is the method of least 
squares. This method provides the best possible 
fit to a set of data, thereby providing the best 
possible predictions. In addition, it allows us 
to use statistical methodology to qualify (for 
instance, by confidence limits) the errors of 
estimation, in much the same manner as is done 
with the distribution of sample means. 

The least squares criterion requires that 
a line be chosen to fit our data so that the 
sum of the squares of the vertical deviations 
separating the data points from the line will 
be minimum. These vertical deviations repre- 
sent the amount of error associated with using 
the regression line to predict Y, and the value 
to be minimized is: 

2(F- Yxf (6-28) 

where_F is the value indicated by the data, 
and Yx is the value determined by the 
regression equation. Substituting the expression 
for Yx (Eq. 6-27) into Eq. 6-28, the sum to 
be minimized becomes 

which is a function having two unknown pa- 
rameters A and B. Mathematically, it may be 
shown that the required values simultaneously 
must satisfy the following expressions, referred 
to as the normal equations: 

2F = nA + B2X 

2XY = A2X +5SJP 

(6-30) 

(6-31) 

From these relationships we can obtain the 
following expression fori?: 

B 
2X2 Y -nX(XY) 

(2Z)2 - nS(Z2) 

Solve Eq. 6-30 explicitly for A . 

(6-32) 

A  = 
2F -BZX 

(6-33) 

The value of A then can be obtained by 
substituting the value of B into Eq. 6-33. 

We .are now ready to find the regression 
equation for the transportation time data given 
in Table 6-8 and Fig. 6-6, representing n = 10 
observations. In order to evaluate the ex- 
pressions for A and B, we must perform a set 
of intermediate calculations. To find B, we must 
calculate 2X 2F, 2(XF), and 2(JP). Table 6-9 
shows these calculations, Columns are provided 
for X, F XY, and X2, and the sums of these 
values are shown at the bottoms of the columns. 
The values for 2F2, also shown, are used later 
in par. 6-4.4. Using the intermediate values ob- 
tained, we can first find the value for B as 
follows: 

B  = 

Z(Y-A -BX)2 (6-29) 

(6110) (95)- 10(64,490) 

(6110)2 - 10 (4,451,500) 

580,450 - 644,900 

37,332,100 - 44,515,000 

-64,450 

-7,182,900 

= 0.00897 
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TABLE 6-9.   INTERMEDIATE CALCULATIONS FOROBTAINING ESTIMATED REGRESSION TIME 

Distribution Distance X 

1 210 
2 290 

3 350 
4 480 

5 490 

6 730 

7 780 

8 850 

9 920 

10 1010 

Days Y XY X? Y2 

Totals 6110 

5 

7 

6 

11 

8 

11 

12 

8 

15 

12 

95 

1,050 44,100 

2,030 84,100 

2,100 122,500 
5,280 230,400 

3,920 240,100 

8,030 532,900 

9,360 608,400 

6,800 722,500 

13,800 846,400 

12,120 1,020,100 

64,490 4,451,500 

25 

49 

36 

121 

64 

121 

144 

64 

225 

144 

993 

X = 
-LX       6110 

Y = 

n 

2Y 

XXY 

2X* 

2Y2 

10 

95 

n 10 

64,490 

4,451,500 

993 

611 

- 9.5 

Substituting this value into Eq.  6-33, we 
obtain 

95 - 0.00897(6110) 
A  =   

10 

95 - 54.807 

10 

= 4.019 

Thus we have determined the following 
equation for the estimated regression line 
graphed in Fig. 6-6. 

Yy =  4.019 + 0.00897Z 

We may now use this_equation to predict 
the transportation time Yx for shipment of 
known distance X. For purposes of error check- 
ing, the least squares regression line has two 
important features, ©ne-ef which is that it goes 
through the point {X, Y) corresponding to the 
means of the observations of X and Y (Fig. 
6-6). The other feature is that the sum of the 
deviations of the Y's from the regression line 
is theoretically zero (Table 6-10), i.e., 

S(Y-YX) =0 (6-34) 

These facts may be used as checks to de- 
termine if any miscalculations were made in 
finding the equation parameters^! andÄ 

We can analyze the variability of the data 
points on the scatter diagram in much the same 
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TABLE 6-10.  COMPUTATIONOF DEVIATION FROM REGRESSIONS ME FOR 
CONSISTENCY CHECK 

X Y f.v 7 -  Y; X 

210 
290 
350 
480 
490 
730 
780 
850 
920 

1010 

5 
7 
6 

11 
8 

11 
12 
8 

15 
12 

5.903 -0.903 
6.620 0.380 
7.159 -1.159 
8.325 2.675 
8.414 -0.414 

10.567 0.433 
11.016 0.984 
11.644 -3.644 
12.271 2.729 
13.079 -1.079 

2  (Y-Yx)= 0.002 

manner as we do with univariate data by focus- 
ing on the variance of the Y data about the 
regression line. The equation for this variance, 
the mean of the squared deviations for sample 
size of n, is: 

2(7 Yx)2 

The square root of the mean squared 
deviations is referred to as the standard error 
of the estimate about the regression line and 
is expressed as: 

?XY 
•/ 

2(7- Yx)2 

n-2 
(6-35) 

The reason for subtracting 2 from n is that 
2 degrees of freedom are lost because A and 
B, making up the expression for Yx, have been 
calculated from the same data. 

6-4.4   CORRELATIONANALYSIS 

The goal of correlation analysis is to meas- 
ure the degree to which two variables are re- 
lated. It is very useful as an auxiliary tool for 
use in regression analysis. The central focus 
of correlation analysis is finding a suitable in- 
dex that indicates how strongly X and Y are 
related. The degree to which X and Y are re- 
lated may be explained in terms of the 
magnitude of scatter about the regression line. 
One extreme case occurs when the amount of 

scatter is so great that the regression line has 
zero slope and is parallel to the X axis. We 
say that the degree of correlation is zero, since 
knowledge of X cannot add to the accuracy of 
predictions of Y. The opposite extreme is a per- 
fect fit between Y and X observations because 
all the data points happen to lie on the same 
line. 

It is convenient to summarize the scatter 
about the regression line with the sum of_the 
squared deviations about the regression line Yx : 

2(Y-YxP 
This may be compared to the scatter of 

the sample observations about their mean rep- 
resented by 

2(7- ?> 

since one estimate of Y is the mean of all ob- 
served values. Using these two values, we may 
construct the sample coefficient of determina- 
tion to express how strongly X is associated 
with Y: 

r2   =    1 
2(7- Yxf 

2(7- 7)2 
(6-36) 

regreÄP rmÄs^MÄ Mpe^ä1^/1-^ 

in which case the deviations about Yx are the 
same as those about 7T This makes the nu- 
merator the same as the denominator, so that 

6-39 



AMCP 706-132 

r2 = 1 — 1 = 0. If X.and Y are perfectly cor- 
related, then X(Y — Yx)2 = 0 (no deviations 
from the line), so that r2  =   1 - 0 = 1. 

In actual practice, we may use the 
estimated regression coefficients and the inter- 
mediate value obtained in finding them to cal- 
culate r2 from the following mathematically 
equivalent equation: 

A2Y + B2{XY) -nY2 

2T2 -nY2 
(6-37) 

This equation uses values previously ob- 
tained from regression analysis (Table 6-9) and 
the calculated values of A and B to yield 

4.019(95) + .00897(64,490) - 10(9.5)2 

993 - 10(9.5)2 

=  0.64 

The motivation in comparing variations 
about Yx to variations about Y is to show how 
knowledge of X can reduce errors in predicting 
Y. The coefficient of determination may be 
interpreted as the ratio of the variations_in Y 
that are explained by the regression line Yx to 
the total variation in' Y about the arithmetic 
mean Y. The total variation of Y has been 
shown to equal the sum of the explained and 
the unexplained variations: 

(Y-Y)=(7X - 7) + (Y-YX) 

which can be stated in words: 

Total^ variation   =  explained variation 
and unexplained variation. 

The total variation expresses the amount 
of vertical scatter by the data points about their 
mean Y. This may be measured by 2(7 - Y)2. 
Likewise we use 2(7 - Yx)2 to express the 
unexplained variation, the magnitude of scatter 
about the estimated regression line. The ex- 
plained variations may therefore be expressed 
as the difference: 

Explained variation  =  2(7 — 7)2_ 
- W -Yx)2 

If we determine the ratio of the explained 
to the total variation, we obtain: 

Explained       2(Y  -  7)2  - 2(7 -  Yx)
2 

Total 

I  - 

2(7 -  Y)2 

2(7 -  Yx)2 

2(7 - @ 
(6-38) 

The right-hand side of the preceding equa- 
tion is the sample coefficient of determination 
given in Eq. 6-36. In our illustration, we cal- 
culated r2 = 0.64. This signifies that 64 percent 
of the total variation, or scatter, of the trans- 
portation times Y about the mean trans- 
portation time 7_can be explained by the rela- 
tionship between 7 and the destination distance 
X, as estimated by the regression line for X 
and 7 

Although the rationale for using the coeffi- 
cient of determination (corresponding to the 
variance of a normal distribution) to express 
the degree of relationship between X and Y is 
well justified, the square root of this value (cor- 
responding to the standard deviation of a nor- 
mal distribution) also is used extensively. This 
value is called the sample correlation coefficient 
r: 

r =yjr2 (6-39) 

and this sample statistic is considered a point 
estimate of the true population parameter, 
called the population correlation coefficient p, 
defined as follows: 

= VP2 (6-40) 

For the transportation data in our exam- 
ple, the sample correlation coefficient is 

r = \r2 

= VÖ64   =  ±0.80 

Since the square root of a number may 
be positive or negative, we choose a positive 
sign for r to indicate that transportation time 
increases as rail distance increases, so that X 
and Y are directly related. When Y bears an 
inverse relationship with X, the sign of r is 
negative. The values for r = "N/r2" may range 
from -1 to +1, and the sign of the correlation 
coefficient must be the same as for the slope 
of the regression line. 
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6-5 MAINTENANCE EVALUATION 

Maintenance evaluation is a phase of main- 
tenance support planning that begins in the 
conceptual phase and is completed prior to 
quantity production or procurement of the item 
for its initial entry into the Army inventory. 
It consists of maintenance engineering analysis, 
including teardown and test, when necessary, 
of early production prototype and/or devel- 
opment models by maintenance engineers for 
the purpose of: 

a. Determining the most feasible method 
of supporting the equipment 

b. Determining the definitive requirements 
for support resources 

c. Completing maintainability analysis of 
selected equipments at the time of each in- 
process review 

d. Allocating maintenance operations to 
the appropriate maintenance levels 

e. Detecting design parameters that have 
an impact upon maintenance 

f. Recommending design changes. 

6-5.1   EVALUATION SEQUENCE AND OTHER 
CONSIDERATIONS 

Maintenance evaluation is performed at 
various times throughout the materiel acquisi- 
tion cycle, and in various forms. Initially, main- 
tenance requirements are developed for the 
materiel based on reliability, availability, and 
maintainability requirements established in the 
required operational capability document. These 
requirements normally permit gross definition 
of the maintenance concept and maintenance 
resource requirements. Requirements of in- 
creasing detail are defined during the con- 
ceptual and other phases through the iterative 
process of analysis and/or trade-off. An 
analytical comparison of the top requirements, 
and later the definitive requirements, is made 
with the proposed physical hardware charac- 
teristics, and thus the foundation of the main- 
tenance engineering analysis data system is es- 
tablished. Throughout further devel- 
opment-progressing through concept drawings, 
released engineering, mock-ups, engineering 
models, and prototypes-the maintenance engi- 
neer continually performs analysis and subse- 

quent evaluation of the documentation against 
the hardware development. These iterative and 
sequential informal evaluations result in the 
identification and availability of the mainte- 
nance engineering generated or influenced por- 
tion of the technical data package in a timely 
manner and with a high degree of confidence 
in its accuracy. The maintenance engineering 
generated or influenced portion consists of the 
PMAC, technical publications, training, and 
identification of maintenance resource require- 
ments. The actual evaluation or validation of 
the total logistic support package occurs when 
the physical logistic support items identified in 
the data system are available concurrently with 
the hardware to perform a physical hardware 
validation. The evaluation in this stage may be 
combined with other test programs, such as de- 
velopment tests, or may be conducted as a sepa- 
rate, formally scheduled maintenance eval- 
uation with all identified materiel and support 
resources available. The result of this formal 
evaluation should result in minimum changes 
to the maintenance technical package if the in- 
formal evaluations have been conducted on the 
mock-ups, engineering models, and prototypes. 

Since maintenance engineering analysis 
data are the source for identification and de- 
velopment of the maintenance resources to sup- 
port materiel, the data are a significant and 
key factor to the success of a maintenance eval- 
uation. Identification of the resources in the 
logistic analysis data insures the availability, 
accuracy, and adequacy of the materiel main- 
tenance resources (i.e., support equipment, com- 
mon and special tools, publications, test, meas- 
urement, and diagnostic equipment, training, 
PMAC's) to support the developed hardware. 

The maintenance engineering system for 
a materiel program may be defined as the in- 
tegrated activity resulting from maintenance 
engineering analysis, maintenance planning, 
and maintenance evaluation. This integrated ac- 
tivity influences the design of materiel and es- 
tablishes maintenance levels and the range and 
depth of all support resources. The activity is 
a significant contributor to materiel operational 
or system effectiveness. All expressions for sys- 
tem effectiveness have availability in some form 
as one of their key factors. A typical expression 
is: 

S.E. = (A) (D) (C) ( U) (6-41) 
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where 

S.E. = system effectiveness, the probability 
that a system can successfully meet 
an operational demand within a giv- 
en time when operated under spec- 
ified conditions, or the ability of a 
system to do the job for which it 
was intended. 

A = availability, the measure of the de- 
gree to which a system is in the op- 
erable and commitable state at the 
start of a mission when the mission 
is called for at an unknown random 
point in time. This often is called 
operational readiness. 

D = dependability, the measure of the 
system operating condition at one or 
more points during the mission, giv- 
en the system condition at the start 
of the mission (availability). This, 
often is called mission reliability. 

C = capability, the measure of the ability 
of a system to achieve its mission 
performance objectives, given the 
conditions during the mission (de- 
pendability). This sometimes is 
called performance or design ade- 
quacy. 

U = utilization, an adjustment or 
degradation factor used in the event 
that stresses are imposed on the sys- 
tem as a result of the system being 
used in a mission profile or envi- 
ronment more stringent than the 
one for which it was initially de- 
signed. If the system is used beyond 
what was intended originally, there 
undoubtedly will be a degrading ef- 
fect on availability, dependability, 
and capability (Ref. 1). 

Materiel availability is a function of 
reliability and maintenance downtime, and the 
downtime depends totally upon maintenance en- 
gineering decisions. Additionally, the mainte- 
nance dictated by maintenance engineering 
decisions directly affects reliability. Mainte- 
nance also affects the dependability and uti- 
lization factors. It may be seen that system op- 
erational effectiveness is a direct function of 
the effectiveness of the maintenance engineer- 
ing system. 

6-5.2   PHYSICALTEARDOWN AND EVALUATION 
REVIEW 

The physical teardown and evaluation 
review is a distinct task of the total mainte- 
nance evaluation effort. One of its primary 
purposes is to determine whether or not the 
logistic requirements have been met. It is per- 
formed by the developing commodity command 
and takes place at that point in the life cycle 
when developmental prototype or early com- 
mercial production hardware is available, to- 
gether with all items of the maintenance test 
package (other than the full range of repair 
parts) required for the development test. 

Conducting an actual physical teardown of 
the equipment under development at this time 
will validate the maintenance data contained 
in the PMAC's as follows: 

a. Evaluate the method of supporting each 
end item (allocation of maintenance operations 
to the appropriate maintenance categories). 

b. Determine definitive requirements of 
each element of maintenance support (special 
and common tools and test equipment, person- 
nel skills, etc.) 

c. Evaluate calibration and maintenance 
calibration procedures and develop new or im- 
proved procedures as required. 

d. Detect design parameters that have an 
impact upon maintenance and recommend im- 
provements. 

e. Review preliminary operator and main- 
tenance manuals for adequacy and recommend 
improvements as required. 

/ Provide other agencies participating in 
the program an opportunity to evaluate their 
maintenance requirements and submit their 
comments and/or suggestions. 

g. Review disassembly order and, when re- 
quired, time to remove and replace. 

The major disadvantage of a physical tear- 
down is the possibility of damaging the equip- 
ment. Damage could be caused by the lack of 
training and tools used by the evaluation team 
or by special tools not being available. 

The resolution of discrepancies discovered 
during physical teardown and evaluation is 
completed prior to approval for start of pro- 
duction. Early identification of discrepancies is 

6-42 



AMCP 706-132 

necessary to assure the opportunity for correc- 
tion before design has been firmly established 
and drawings are finalized. It is intended that 
results of the evaluation provide data for the 
development of command positions and recom- 
mendations for initiation of production. 

The physical teardown'and evaluation 
review is the nondestructive physical disassem- 
bly of a development or preproduction prototype 
model. Disassembly covers organizational and 
direct and general support maintenance levels, 
to the extent necessary to achieve the following 
objectives: 

a. Verification of end item maintainability 

b. Verification of adequacy of the planned 
elements of logistic support (maintenance test 
package) to include: 

(1) Support and test equipment 
(2) Supply support (provisioning) 
(3) Transportation and handling 
(4) Equipment publications 
(5) Facilities   (maintenance,  supply, 

and storage) 
(6) Personnel and training. 

c. Verification of the Preliminary Mainte- 
nance Allocation Chart (PMAC) to assure that 
maintenance functions are assigned to the ap- 
propriate maintenance levels. 

6-5.2.1   Physical Teardown and Evaluation Plan 

The purpose of the physical teardown and 
evaluation plan is to provide detailed informa- 
tion regarding the who, what, when, where, and 
how of the physical teardown arid evaluation. 
It identifies the end item and the maintenance 
test package items to be evaluated. A summary 
of the conferences, correspondence, and dis- 
cussions leading up to the teardown evaluation, 
and a summary of the pertinent contractual 
provisions will be included for background in- 
formation. A discussion of the constraints and 
limitations that have been or may be imposed 
should be included and may contain but are 
not limited to: 

a. Funding, number of participating per- 
sonnel, or duration of evaluation 

b. Deletion of various evaluation tasks 

c. Unavailability of various maintenance 
test package items 

d. Performance of the teardown and eval- 
uation in conjunction with other tests or eval- 
uations. 

6-5.2.1.1   General Information 

The physical teardown and evaluation may 
take place at any specified location. The eval- 
uation team performs all evaluation tasks, and 
records discrepancies, problems, and recom- 
mended changes. Each discrepancy, problem, 
and recommended change is forwarded sepa- 
rately to the functional office responsible for 
corrective action. All decisions regarding 
proposed changes should be completed prior to 
closeout of the physical teardown and eval- 
uation. 

The location(s) where the physical tear- 
down and evaluation are to be conducted are 
identified and the transportation arrangements 
for participants are outlined. Schedules are in- 
cluded, indicating the planned starting and 
completion dates for the total evaluation, as 
well as for individual parts thereof. For sched- 
uling purposes, the total evaluation should be 
broken down into a convenient number of parts. 
These may be in terms of subsystems, groups 
of tasks, levels of maintenance, items of the 
maintenance test package, etc. The information 
may be portrayed in the form of a tabulation 
or in standard time-phased chart format. Gen- 
eral information pertaining to planned confer- 
ences, advance visits to the evaluation site, etc., 
also should be provided, as required. 

6-5.2.1.2  Evaluation Team 

The evaluation team concept and struc- 
ture, team member skills and general respon- 
sibilities, and participating commands and 
agencies are described in the plan. For effective 
management of the team, it should be divided 
into task groups. Members of the groups should 
be technically skilled in their respective func- 
tional areas. Task groups may be organized 
based on equipment subsystems or logistic sup- 
port items, or a combination of both. Type, size, 
and complexity of the systems being evaluated 
will dictate the breakdown and quantity of re- 
quired task' groups. General responsibilities as- 
signed to team members are: 

a. Mechanic. Service, inspect, remove, and 
install. The equipment maintenance MOS and 
grade level of the mechanics should be the same 
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as those established in the personnel and train- 
ing portion of the qualitative and quantitative 
personnel requirements information of the sup- 
port plan. In the event military personnel are 
not available, equivalent mechanics should 
participate. 

b. Quality Control Specialist and Tech- 
nician. Observe mechanic's operation, record 
discrepancies, record contract nonconformances, 
and suggest proposed changes to correct the dis- 
crepancies or nonconformances. These members 
may be engineering technicians, equipment spe- 
cialists, or other civilian or military personnel 
with equivalent skills. 

c. Maintenance Engineer. Evaluate dis- 
crepancy and nonconformances, and determine 
and record the most appropriate proposed 
change. Serve as task group leader. 

d. Technical Publication Writer. Prepare 
draft changes to technical manuals to correct 
discrepancies. 

e. Technical Recorder. Assist in prepara- 
tion of discrepancy sheets, and log and process 
the sheets. 

Appropriate commands/agencies should be 
requested to designate representatives to serve 
as evaluation team members. 
6-5.2. / .3   Evaluation Instructions 

Detailed instructions for the accom- 
plishment of all evaluation tasks are contained 
in the plan. 

Specific areas included in these instruc- 
tions are review and verification of adequacy 
Of 

a. PMAC for appropriate assignment of 
maintenance levels 

b. Preliminary technical manuals for clar- 
ity, completeness, and compatibility with the 
PMAC 

c. Common tools and special tools and tool 
sets required for performance of specified main- 
tenance functions 

d. Common and special support and test 
equipment required for performance of specified 
maintenance functions 

e. Repair part selection and allocation to 
the appropriate maintenance level 

/ Predicted mechanic skill levels and 
number of man-hours and maintenance person- 
nel required for specific maintenance functions. 

Also, instructions should be contained in 
the plan pertaining to the following: 

a. Sequence of performance of evaluation 
tasks, based on maintenance level, or functional, 
grouping, or any other convenient order 

b. Assignment of priorities in case the 
evaluation has to be terminated before all tasks 
are completed 

c. Use of multishift operation to preclude 
an excessively lengthy evaluation period 

cf. Subdivision of task groups to permit si- 
multaneous accomplishment of several eval- 
uation tasks 

e. Provisions to preclude unnecessary 
repetition of tasks that may be at different lev- 
els of maintenance but are identical in nature 

/ Deletion of tasks that are anticipated 
to yield invalid results or results already known 
due to similar evaluations, hardware, or design 
features. 

The method of recording, processing, and 
disposing of discrepancies detected by the team 
during the physical teardown evaluation should 
be described in the plan. It also should include 
definitions of the discrepancies and of the 
decisions to be rendered regarding their dis- 
position. 

6-5.2.1.4  Resource Acquisition 

The support required for the physical tear- 
down evaluation should be covered in detail, 
including quantities, dates, and locations. This 
requires close coordination with the contracting 
officer and developer. The plan should state the 
arrangements which have been made or which 
yet have to be made to obtain all required 
items. The following items should be considered 
for inclusion in the plan: 

a. Facilities. Adequate area for demonstra- 
tion and testing of equipment to be evaluated. 
The area shall be clean and isolated from en- 
vironments that may be detrimental to objective 
evaluation of maintenance characteristics of the 
materiel 

b. Plant Equipment. Plant equip- 
ment-such as forklift trucks, benches, tables, 
racks, and all other support equipment-at ap- 
propriate locations and in sufficient quantities 
to support the maintenance evaluation testing 
of the materiel 
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c. Office Equipment. Desks, chairs, file 
cabinets, typewriters, phones, etc. 

d. Personnel. Mechanics and technical per- 
sonnel to serve as advisers to the evaluation 
team 

e. Prototype Models. Prototype or pre- 
production models, at appropriate locations and 
in sufficient quantities for expeditious conduct 
of maintenance evaluation 

/ Maintenance Test Package Items. Test 
and test support items consisting of the fol- 
lowing : 

(1) Technical Data. Drawings, mainte- 
nance engineering analysis data, PMAC or 
equivalent work sheets, support subplans, and 
other pertinent engineering plans and reports 

(2) Technical Manuals. Organization 
and direct and general support maintenance 
and preventive maintenance manuals 

(3) Tools and Support Equipment. All 
common and special tools and test, measure- 
ment, and diagnostic equipment required to per- 
form equipment teardown. Test equipment re- 
quired for all phases of maintenance evaluation 
also shall be provided at appropriate locations. 

(4) Test and Calibration Equipment. 
Complete maintenance calibration and calibra- 
tion procedures shall be provided to insure ac- 
curate measurements and data. 

(5) Repair Parts. A selected number of 
parts to replace damaged parts and to verify 
interchangeability 

g. Special-purpose Kits. Special-purpose 
kits (environmental, etc.) required for mainte- 
nance evaluation demonstration and testing at 
the time of evaluation, in sufficient quantities 
for effective conduct of demonstration and tests 

h. Maintenance Tasks and Skills. A main- 
tenance task and skill analysis for use during 
maintenance evaluation. Justification for the 
specific tasks and skills recommended, and any 
new military occupational specialty requirement 
proposed, shall be included as part of the con- 
tractor's support during maintenance eval- 
uation. 

/'. Human and Safety Engineering Data. 
Data for verification during maintenance eval- 
uation. Special emphasis shall be placed on the 
safety features of the materiel to insure that 
no hazards exist in the use, storage, or main- 
tenance of the materiel. 

6-5.2.1.5  Evaluation Items List 

A comprehensive list of all items to be 
reviewed during the teardown evaluation should 
be contained in the plan. The list may be in 
the form of a tabulation by nomenclature, part 
number or equivalent designation, and stock 
number, if available. The list should include the 
end item, all maintenance test package hard- 
ware and data items, and special-purpose kits. 
It is intended to reflect the magnitude of the 
evaluation and to serve as a basis for prep- 
aration of the evaluation task list. 

6-5.2.1.6  Evaluation Task List 

A detailed list of all tasks to be performed 
during the teardown evaluation should be con- 
tained in the plan. Primary sources of infor- 
mation for development of the tasks are the 
maintenance engineering analysis data system 
or the PMAC, the preventive maintenance in- 
spection checklists, the evaluation items list, 
and the general checklists. The task list should 
include a coded cross-reference to a diagram 
of the end item, showing the location of items 
to be evaluated. The format of listing of the 
tasks should lend itself administratively to 
ready use by the evaluation team. 

Table 6-11 (located at end of the chapter) 
contains a list of materiel design features that 
may be used to assist in determining tasks to 
be performed, as well as in making an overall 
evaluation of materiel. The list is also useful 
in making formal and informal evaluations of 
drawings and hardware throughout a materiel 
life cycle. It will be noted that many of the 
items in the list are qualitative maintenance 
parameters. In applying the list, the mainte- 
nance engineer should define the qualitative 
statements in terms of quantitative values 
whenever possible. 

6-5.2.1.7  Required Actions 

The plan should contain a listing, in 
chronological order, of all open actions to be 
accomplished in the period between publication 
of the plan and start of the teardown and eval- 
uation. It should include the required action, 
scheduled completion date, and action office. Its 
major purpose is to insure that no steps are 
overlooked and that all planned actions are ac- 
complished on time. 
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6-5.2.2 Conduct of Evaluation 

The conduct of the maintenance evaluation 
will adhere to the following guidelines: 

 a.  The technical supervisor will insure that 
all documentation and hardware are available 
and will designate individuals to review 
PMAC's, preliminary operation and mainte- 
nance manuals, and calibration and mainte- 
nance calibration procedures. 

b. The individual designated to review the 
PMAC will specify operations to be performed 
and announce the tools to be used. 

c. The technician will perform operations 
as prescribed by the PMAC's and preliminary 
operation and maintenance manuals. 

d. Drawings, PMAC's, preliminary oper- 
ation and maintenance manuals, calibration and 
maintenance calibration procedures, and tool 
and test equipment lists will be reviewed for 
compatibility. 

e. Upon discovery of incompatibility or de- 
sign deficiency, the operator will halt the op- 
eration. The operation will not be resumed until 
the situation has been documented and recom- 
mendations for correction made. Photographs 
will be made as required. 

/ Representatives from all agencies will 
be required to sign a concurrence sheet for each 
major item of equipment. This concurrence will 
indicate agreement with all maintenance pro- 
cedures, publications, tools, and test equipment 
for their agencies. 

g. Observers will be encouraged to remain 
in designated areas. When an observer desires 
to see a particular operation or condition, he 
will make arrangements with the technical 
supervisor (time will be provided for observers 
to examine the equipment). 

h. Observers will be encouraged to 
participate in discussions with the technical 
supervisor concerning the maintenance eval- 
uation. 

i. Disassembly of items will be limited to 
one of a type. When the design of an item is 
similar to a corresponding item, only the por- 
tion that is different will be reviewed. 

6-5.2.2.7   Chunges 

During maintenance evaluation, the follow- 
ing guidelines will be used in preparing 
changes: 

a. Comments that make only an in- 
significant improvement in the system will be 
avoided. 

b. Comments of an interrogatory nature, 
in lieu of providing sufficient concrete answers 
to the problem, will be avoided. 

c. Comments based solely on differences of 
opinion will be avoided. 

d. Comments will be grouped in two cat- 
egories: general and specific. General comments 
are those dealing with PMAC's failing to follow 
specified outlines or comments dealing with 
changes being required in more than five 
places. Specific comments are those dealing 
with a single item that can be designated by 
page, paragraph, and line number. 

6-5.2.2.2  Reportsand Records 

a. Copies of changes to PMAC's, prelim- 
inary operation and maintenance manuals, cal- 
ibration and maintenance calibration proce- 
dures, and tool and test equipment lists will 
be furnished to participating agencies on a day- 
by-day basis. 

b. A final report covering the complete 
maintenance evaluation of the materiel will be 
completed and ready for publication within 30 
days after the evaluation is completed. 

6-5.2.2.3  Events Following the Maintenance 
Evaluation 

a. Complete testing of end item should be 
performed to insure that the equipment is op- 
erational. 

b. The developer will be responsible for the 
disposition of all test specimens and material 
in accordance with procuring agency direction. 

6-5.2.3   Physical Teardown and Evaluation Review 
Report 

A report is prepared to provide a summary 
description of the total evaluation statistical 
data, general findings, conclusions, and specific 
recommendations. A typical report contains the 
following information. It describes the 
magnitude of the evaluation effort in terms of 
the number of participating personnel, number 
of tasks performed, number of man-hours spent, 
and starting and completion dates. Reference 
to the physical teardown phase is made briefly, 
describing to what extent the evaluation was 
performed in accordance with or differed from 
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the plan. Statements of fact are contained as 
to the general findings in the evaluation and 
a list of specific conclusions (positive as well 
as negative) based on the findings. Recommen- 
dations based on the conclusions are made, 
along with separate recommendations regarding 
significant discrepancies that are submitted to 
the Defense and Army Systems Acquisition 
Review Councils for decision. 

Examples of some typical recommenda- 
tions that resulted from a maintenance eval- 
uation review of the PERSHING power station 
follow. 

a. Documentation. Forms were prepared 
that requested the contractor to take corrective 
action with regard to the following types of 
preliminary operation and maintenance manual 
deficiencies: 

(1) Incomplete or inadequate proce- 
dures 

(2) Steps out of sequence 
(3) Steps missing 
(4) Incorrect paragraph titles. 

b. Tools. The addition of some new tools 
and type changes for tools presently on the 
PMAC were recommended as follows: 

(l)Add an engine gearbox sling, work- 
stand, and diagonal cutting pliers. 

(2) Change an open end wrench to a 
single-socket spinner wrench, and a standard 
socket to a deep-well socket. 

c. Equipment. The following recommenda- 
tions pertain to design features and shipping 
instructions: 

(l)Bolt rather than rivet the control 
cubicle door. 

(2) Ship gearboxes with lifting eyes in- 
stalled. 

(3) Standardize the length of the bolts 
that attach the air conditioner to the frame. 

The report also lists the names of all 
participants, their assignment to the various 
tasks and subgroups, and their agency affilia- 
tions. A statistical summary is prepared in 
tabular form for the end items and for each 
major subsystem to provide a quick overview 
of the results of the evaluation. A list of each 
discrepancy requiring further study is contained 
in the report. Each item is identified by a head- 
ing followed by a brief narrative description, 

including the reason why the study is required 
and whether the study is to be performed in- 
house or by the contractor. A list of items that 
could not be evaluated due to nonavailability 
or to planned replacement with a later config- 
uration is contained in the report. One of the 
purposes of the list is its inclusion in the main- 
tenance portion of the service test. 

The report contains a detailed description 
of each discrepancy referred to the Systems Ac- 
quisition Review Councils. The information on 
each discrepancy contains all required support- 
ing data. As a minimum, the description should 
contain the following: 

a. A detailed presentation of the dis- 
crepancy and its impact on the system 

b. The proposed change(s), estimated cost, 
and impact on schedules, reliability, main- 
tainability, and performance 

c. Reason for referring the discrepancy to 
the Systems Acquisition Review Council 

d. Recommended review action. 

6-5.3   DATA ANALYSIS AND UTILIZATION 

Maintenance evaluations frequently result 
in analysis and maintenance allocation chart ac- 
tivities typified by the following: 

a. Analysis. The extent and complexity of 
problems discovered during the maintenance 
evaluation determine the extent of subsequent 
analysis activities. Minor problems between 
participating agencies are settled during the 
course of the evaluation, so that no subsequent 
analysis is required. Major problems—those re- 
quiring major maintenance concept changes, 
high-cost design changes, etc.-trigger com- 
prehensive trade-offs between alternative prob- 
lem solutions. Normally, these trade-offs will 
be conducted by the developer. If trade-offs 
reveal the need for design changes, the devel- 
oper will prepare and submit engineering 
change proposals for Army approval. After ap- 
proval of the proposals, the developer will ini- 
tiate hardware and documentation modi- 
fications. 

b. Maintenance Allocation Chart. The 
MAC is modified, as required, with the 
validated or corrected PMAC data resulting 
from the maintenance evaluation and becomes 
a part of the organizational technical manuals. 
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TABLE 6-11.  MAINTENANCE EVALUATION CHECKLIST 

GENERAL PRINCIPLES OF MAINTAINABILITY 

1. Reduce or eliminate the need for maintenance. 

2. Reduce the amount, frequency, and complexity of required maintenance tasks. 

3. Provide for reduction of life cycle maintenance costs. 

4. Reduce the required  levels of maintenance  skills and the training required for 
them. 

5. Establish maximum frequency and extent of preventive maintenance to be per- 
formed. 

6. Improve information for educational programs for maintenance. 

7. Reduce the volume and reading complexity of maintenance publications. 

8. Provide components that can be adjusted for wear, and provide adjustment so 
as to preclude teardown to attain it, when practical. 

9. Provide the characteristics in the commodity and its components that will result 
in minimum downtime. 

10. Insure that simple, adequate, and satisfactory maintenance technical data are 
available with the equipment when delivered. 

11. Provide for time studies on removal and installation of major items of equipment. 

12. Provide for repair times of components. Reduce the mean time to repair. 

13. Provide optimum accessibility to all equipment and components requiring frequent 
maintenance, inspection, removal, or replacement. Avoid hiding this equipment. 

14. Provide for rapid and positive identification of equipment malfunction or marginal 
performance. This should include, for example, logical troubleshooting charts, in 
fault tree diagram form, that list potential failures and method to correct them. 
Associate times to perform the correction as appropriate. 

15. Insure the human factor aspects are satisfactory and that location and operability 
of controls and manual force limitations, etc., are adequate and accessible for 
hand, leg, foot, and body. Provide the human engineering aspects for access to 
maintenance points such as electrical, pneumatic, hydraulic, lubrication, and fuel 
servicing. 

16. Provide optimum capability to verify performance, anticipate and locate malfunc- 
tions, and perform calibration. 

17. Provide for adequate, clear, and rapid identification of parts and components 
that may be replaced or repaired. 

18. Reduce the quantities and types of tools, tool sets, and equipment necessary to 
maintain the whole commodity. Eliminate, whenever possible, the need for special 
tools. 

19. Plan design of commodity to use field organizational maintenance equipment and 
facilities that are normally available. 

20. Reduce to a minimum the number and types of repair parts and components 
needed to support the maintenance. 

21. Insure use of military standard parts, components, types, and materials to the 
fullest possible extent, and identify all MIL-STD parts, components, and material 
with MIL-STD nomenclature. 
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TABLE 6-11.   MAINTENANCE EVALUATION CHECKLIST (Cont'd) 

GENERAL PRINCIPLES OF MAINTAINABILITY (Cont'd) 

22. Use less critical materials, and less costly, rare, or difficult processes. 

23. Provide for maximum interchangeability. 

24. Provide maximum safety features for both equipment and personnel in the per- 
formance of maintenance. 

25. Provide sufficient and adequate towing, hoisting, lifting, and jacking facilities 
for mobility and handling requirements. 

26. Provide for maximum storage life with minimum storage maintenance rehabilita- 
tion. 

27. Reduce amount of supply support required. 

28. Insure that engines/installations are rapidly replaceable as a unit with the min- 
imum time and personnel. 

29. Insure that the commodity will not be dangerous to itself or to personnel main- 
taining it. 

30. Insure necessary environmental compatibility for the commodity (e.g., corrosion, 
fungus, water, salt spray, heat, cold, altitude, attitude, blown sand, snow, snow 
loads, and wind) on the whole and on components of the weapon, commodity, 
or system. 

31. Insure that there are no seriously undesirable operating or maintenance char- 
acteristics affecting the maintenance personnel, or other personnel or equipment 
in the expected vicinity (i.e., radiological hazards, noise, etc.). 

32. Provide bearings and seals of sizes and types that will require a minimum of 
replacement and servicing on a life cycle basis. Select adjustable items to take 
care of wear. 

33. Provide gears of adequate size and type to satisfy all overload requirements and 
be suitably derated on a life cycle basis. 

34. Provide for ease of inspection, replacement, and rapid adjustment in servicing 
of brakes and clutches, without the need of teardown. 

35. Insure that all mechanical, electronic, electrical, hydraulic, and structural com- 
ponents are sufficiently derated to combat unexpected overload(s) that would result 
in an operable or degraded component and thus require maintenance. 

36. Insure that advanced accessibility practices have been incorporated. These include 
rapid access to systems, components, and parts by use of rapid operating fasteners, 
covers, doors, etc., and a minimum of bolts, fasteners, etc. 

37. Insure that components requiring frequent maintenance are located to preclude 
the need to remove other components to gain access to the specific component. 

38. Provide line of sight to components, whenever possible, for routine inspection, 
to eliminate the need to remove other equipment(s). 

39. Insure that adjustment controls are rapidly accessible. 

40. Provide adjustment control locking devices. 

41. Provide sufficient and adequate test points and test features, and provide ease 
of accessibility thereto. Test points should be capable of accepting automatic test 
equipment when practical. 
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TABLE 6-11.   MAINTENANCE EVALUATION CHECKLIST (Cont'd) 

GENERAL PRINCIPLES OF MAINTAINABILITY (Cont'd) 

42. Insure that all test equipment and calibration equipment required for the commodi- 
ty are available. 

43. Provide simplified goho-go (self-diagnostic) automatic, built-in fault isolation 
capabilities and calibration equipment as feasible, practical, or cost-effective. 

44. Insure that there is sufficient storage for spare modules (components/assemblies) 
and that modules are stored in the commodity. This applies to fuzes and other 
attrition items. 

45. Insure that batteries are located for rapid servicing and replacement, and are 
vented as required. 

46. Insure that weapons, systems, commodities, and special parts are repairable, except 
throwaway components and modules. 

47. Insure that adequate and sufficient guards are installed over dangerous moving 
mechanisms. 

48. Insure that adequate protection from dangerous electrical shock is provided for 
maintenance personnel. 

49. Insure that no toxic fumes are emitted that will affect maintenance personnel. 

50. Insure that all items are incorporated that will render the item explosionproof, 
when required. 

51. Insure that fire extinguishing equipment is installed and adequate. 

52. Insure protection of personnel frcm nuclear radiation hazards. 

53. Insure that required warning devices are incorporated in the commodity. 

54. Provide for easy, simple, and rapid refueling, relubrication, and filling of all 
reservoirs and containers. 

55. Provide for rapid inspection apertures on gearboxes, housings, and similar as- 
semblies that will permit inspection, adjustment, or, when practical, repair or 
replacement of vital items inside of these housings, without the need for major 
disassembly. These apertures may be plugs, bailed hinged covers, windows or 
doors, requiring no tools to open or close, when possible or practical. 

56. Provide quick disconnect devices for rapid removal and assembly of components. 

57. Insure that a minimum of fasteners is used, and when feasible, that the fasteners 
can be operated rapidly, perferably without the use of tools. 

58. Insure that all lubrication plugs and fittings are adequate and readily accessible 
on the completed commodity. 

59. Insure that sufficient and readily accessible drains are properly located in com- 
partments, tanks, reservoirs, and sumps. 

60. Provide for rapid cleanability (post operation and inspection). 

61. Insure that, to the maximum extent possible, maintenance on the commodity 
can be accomplished by personnel who are wearing arctic gloves and clothing 
in the open. 

62. Insure that winterization requirements are incorporated. 
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TABLE 6-11.  MAINTENANCE EVALUATION CHECKLIST (Cont'd) 

GENERAL PRINCIPLES OF MAINTAINABILITY (Cont'd) 

63. Insure that the provisions for kits are in the commodity and are adequate. This 
includes hardpoints, electrical, hydraulic, and mechanical connections or outlets, 
etc. 

64. Insure that all labels are stenciled or are attached to the commodity or component, 
and that they will be legible after extensive use and abuse. This is particularly 
important for part numbers, component ratings, and types of fuels, lubricants, 
liquids, and gases. 

65. Insure that lubrication charts, maintenance manuals, and operational manuals 
are either attached to the commodity or are readily available. 

66. Insure that there are sufficient and adequate protection covers and attachments, 
securing devices, shipping and packaging tiedowns, seals, etc. 

67. Insure that the design of the commodity is inherently self-packaging, whenever 
possible or practical. Self-packaging eliminates shipping crates, containers, etc., 
and permits ready reshipment without the need to replace the package. 

68. Insure that instrument panels, particularly those for aircraft and vehicles, are 
hinged and/or readily removable as a unit for rapid servicing, testing, and cal- 
ibration. Quick disconnects shall be provided. 

69. Insure that all electronic gear is readily removable with quick-release fasteners 
and disconnects for rapid replacement, servicing, testing, and calibration. Each 
unit will be removable without disturbing any other component of the commodity. 

70. Insure that component modularization design is used, as appropriate. Design mod- 
ules to be repairable. (A module can be a throwaway item, in which case, it 
should not be made repairable.) 

71. Insure that unitization design is used. (Unitization is the design feat of combining 
components of a system or function of a system into a removeable assembly.) 

72. Insure that miniaturization design is used whenever suitable. (This feature reduces 
shipping, packaging, and transportation costs, and improves commodity and main- 
tenance handling.) 

73. Insure that commodity is designed for the minimum weight, taking into account 
reliability, durability, and maintenance freedom, example: do not design an item 
so light that it is constantly breaking or malfunctioning. 

74. Consider advantages of modular replacement versus part repair versus throwaway 
design. 

75. Provide for ballistic verification (telemetry; ordnance). 

76. Provide easy and sure recognition of the malfunction to allow for rapid identifica- 
tion of the replacement action/repair required and thus reduce the complexity 
of the maintenance task. 

77. Review areas of possible improvement since they affect the probability that the 
diagnosis of the malfunction and completion of the repair required may be cor- 
rected successfully within a specified time with available personnel resources. 
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TABLE 6-11»,  MAINTENANCE EVALUATION CHECKLIST (Cont'd) 

GENERAL PRINCIPLES OF MAINTAINABILITY (Cont'd) 

78. Establish minimum and maximum mean time between failure, mean time to repair, 
and downtime for the equipment/item and include in the maintenance engineering 
analysis data. If a like/similar item was previously fielded, review and analyze 
the failure rates associated therewith and, considering new technologies, attempt 
to improve maintenance in this area. 

79. Review storage of vehicle basic issue item list and TA items to insure adequacy 
of storage facilities and technical manual coverage, as applicable. 

ACCESSIBILITY CHECKLIST 

1. Is adequate accessibility provided in all equipment and components requiring main- 
tenance, inspection, removal, or replacement? 

2. Is a transparent window or quick-opening metal cover used for visual inspection 
access? 

3. Are access openings without covers used when this is not likely to degrade per- 
formance? 

4. Is a hinged door used when physical access is required (instead of a cover plate 
held in place by screws or other fasteners)? 

5. If lack of available space for opening the access prevents use of a hinged opening, 
is a cover plate with captive quick-opening fasteners used? 

6. If a screw- fastened access plate is used, are no more than four screws used? 

7. On hinged access doors, is the hinge placed on the bottom or is a prop provided 
so that the door will stay open without being held if unfastened in a normal 
installation? 

8. Are items located so that other large items that are difficult to remove do not 
prevent access to them? 

9. Are components placed so that there is sufficient space to use test probes and 
other required tools without difficulty? 

10. Are units placed so that structural members do not prevent access to them? 

11. Are components to which frequent access is required accessible without the re- 
moval of other components? 

12. Is equipment designed so that it is not necessary to remove any assembly from 
a major component to troubleshoot that assembly? 

13. Can screwdriver-operated controls be adjusted with the handle clear of any ob- 
struction? 

14. Are units laid out so that maintenance technicians are not required to retrace 
their movements during equipment checking? 

15. Is enough access room provided for tasks that necessitate the insertion of two 
hands and two arms through the access? 

16. If the maintenance technician must be able to see what he is doing inside the 
equipment, does the access provide enough room for the technician's hands or 
arms and still provide for adequate view of what he is to do? 
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TABLE 6-11.   MAINTENANCE EVALUATION CHECKLIST (Cont'd) 

ACCESSIBILITY CHECKLIST (Cont'd) 

17. Are access doors made in whatever shape is necessary to permit passage of com- 
ponents and implements? 

18. Are units removable from the installation along a reasonably shaped line? 

19. Are heavy units (more than 25 lb) installed within normal reach of a technician 
for purposes of replacement? 

20. Are provisions made for support of units while they are being removed or installed? 

21. Are rests or stands provided on which units can be placed to prevent damage 
to delicate parts? 

22. Are access points individually labeled so that they can be easily identified with 
nomenclature in the maintenance manuals? 

23. Are accesses labeled to indicate what can be reached through this point (label 
on cover or close thereto)? 

24. Are access openings free of sharp edges or projections that could injure the tech- 
nician or snag clothing? 

25. Are human strength limits considered in designing all devices that must be carried, 
lifted, pulled, pushed, and turned? 

26. Are environmental factors (cold weather, darkness, etc.) considered in design and 
location of all manipulatable items of equipment? 

27. Are units that are frequently pulled out of their installed positions mounted on 
roll-out racks, slides, or hinges? 

28. Are easy overrides provided for limit stops for the replacement of racks  and 
drawers? 

IDENTIFICATION CHECKLIST 

1. Are all units labeled, and, if possible, do labels show full identifying data? 

2. Are parts stamped with information on relevant characteristics? 

3. Are labels placed for-full, unobstructed view? 

4. On  equipment using  color coding,  is meaning of colors given  in manuals  and 
on the equipment panels? 

5. Is color coding consistent throughout system, equipment, and maintenance sup- 
ports? 

6. Are display labels of units imprinted, embossed, or attached in such a way they 
will not be lost, mutilated, or become otherwise unreadable? 

7. Do labels and stencils pertaining to servicing or maintenance provide clear and 
specific instructions? 

8. Does printed matter always appear upright to the operator or technician from 
his normal viewing position? 

9. Do display labels on component covers provide relevant information concerning 
electrical, pneumatic, or hydraulic characteristics of the part? 
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TABLE 6-11.   MAINTENANCE EVALUATION CHECKLIST(Cont'd) 

IDENTIFICATION CHECKLIST (Cont'd) 

10. Are display codes explicitly identified either in printed job instructions or directly 
on the panel, part, line, etc.? 

11. Are displays and units labeled so that they correlate with notations appearing 
in system diagrams, technical manuals, or related literature? 

12. Do display indications on storage spaces identify the various items to be stored 
therein? 

13. Are lubrication points accessible and labeled properly? 

14. Are labels used to indicate direction of movement of controls, especially when 
lack of such direction may result in damage to equipment? 

15. When space permits, is each terminal labeled with the same code symbol as 
the wire attached to it? 

16. Is each wire labeled with a unique designation? 

17. Are life support equipment items explicitly identified and readily accessible? 

INTERCHANGEABILITY CHECKLIST 

1. Does functional interchangeability exist when physical interchangeability is pos- 
sible? 

2. Does complete interchangeability exist whenever practical? 

3. Is sufficient information provided on identification plates and in related job in- 
structions so that the user can judge adequately that two similar parts are inter- 
changeable? 

4. Are differences in size, shape, and mounting avoided when they do not reflect 
functional differences in the unit? 

5. Is complete interchangeability provided for all items intended to be identical, 
interchangeable, or designed to serve the same function in different applications? 

6. Are identical parts used whenever possible in similar equipment or series? 

7. Are parts, fasteners, connectors, lines and cables, etc., standardized throughout 
the system, particularly from unit to unit within the subsystem? 

8. Are cable harnesses designed so that they can be fabricated in a depot or factory 
and installed as a unit? 

9. Is complete electrical and mechanical interchangeability provided on all like re- 
movable components? 

10. Are bolts, screws, and other features the same size for all covers and cases on 
a given equipment? 

11. Is interchangeability provided for components having high mortality? 

12. When complete interchangeability is not practical, are parts or units designed 
for functional interchangeability, and are adapters provided to allow physical inter- 
changeability, whenever practical? 
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TABLE 6-11.   MAINTENANCE EVALUATION CHECKLIST (Cont'd) 

SAFETY CHECKLIST 

1. Are mechanical guards provided on all moving parts that could injure or entangle 
personnel? 

2. Are edges of components and maintenance access openings rounded or protected 
by rubber, fiber, or plastic protectors to prevent personnel injury? 

3. Are portable, hand-operated fire extinguishers provided where fire hazards exist 
or may be created, and are they of the correct type? 

4. Are fire extinguishers placed so that they are readily accessible, but not im- 
mediately adjacent to points where fire probably would originate? 

5. Are fault location systems designed so as to detect weak or failing parts before 
the emergency occurs? 

6. Are jacking and hoisting points clearly, conspicuously, and unambiguously iden- 
tified? 

7. Are all hydraulic lines clearly labeled or coded to specific personnel or equipment 
hazard properties? 

8. Do hatches have a positive lock for the open position and is the lock simple 
to operate and capable of withstanding all the rigorous requirements of field 
use? 

9. Are struts and latches provided to secure hinged and sliding components against 
accidental movement that could cause injury to personnel during maintenance 
operations? 

10. Do switches or controls that initiate hazardous operations require the prior op- 
eration of a related or locking control? 

11. Are components located and mounted so that access may be achieved without 
danger to personnel from heat, sharp edges and points, and moving parts? 

12. Are mechanical components that require the use of heavy springs designed so 
that the springs cannot be inadvertently dislodged and cause personnel injury 
or damage to component? 

13. Do all charged units have less than 30 V appearing across capacitor or terminal 
after main power switch is turned off? 

14. When technician may need to work on equipment with power on, is a "cheater" 
switch provided that automatically resets when access is closed? 

15. Are appropriate warning signs provided at points of high voltages and sources 
of radiation? 

16. Are propellant charges (when used) appropriately located, safed, and placarded 
to preclude inadvertent release? 
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TABLE 6-11.  MAINTENANCE EVALUATION CHECKLIST (Cont'd) 

SERVICING CHECKLIST 

1. Are standard lubrication fittings used so that no special extensions or fittings 
are required? 

2. Are standard lubricants that are already in the federal supply system specified? 

3. Are adequate lubrication instructions provided that identify the frequency and 
type of lubricants required? 

4. Are filler areas for combustible materials located away from sources of heat 
or sparking, and are spark-resistant filler caps and nozzles used on such equipment? 

5. Are fluid replenishing points located so that there is little chance of spillage 
during servicing, especially on easily damaged equipment? 

6. Are filler openings located where they are readily accessible and do not require 
special funnels? 

7. Are fuel tank filler necks, flexible lines or cables, pipe runs, fragile components, 
and like items positioned so they are not likely to be used as convenient footholds 
or handholds, thereby sustaining damage? 

8. When bleeds are required to remove entrapped air or gases from a fuel or hydraulic 
system, are they located in an easily operable and accessible position? 

9. Are drains provided on all fluid tanks and systems, fluid-filled cases or pans, 
filter systems, float chambers, and other items designed or likely to contain fluid 
that would otherwise be difficult to remove? 

10. Are drain fittings of few types and sizes used, and are they standardized according 
to application throughout the system? 

11. When drain plugs are used, do they require only common hand tools for operation, 
and does the design insure adequate tool and work clearance for operation? 

12. Are drain cocks or valves clearly labeled to indicate open and closed positions, 
and the direction of movement required to open? 

13. Do drain cocks always close with clockwise motion and open with counterclockwise 
motion? 

14. When drain cocks are closed, is the handle designed to be in the down position? 

15. Are drain points placed so that fluid will not drain on the technician or on 
sensitive equipment? 

16. Are drain points located at the lowest point when complete drainage is required 
or when separation of fluids is desired (as when water is drained out of fuel 
tanks)? 

17. Are drain points located to permit fluid drainage directly into a waste container 
without the use of adapters or piping? 

18. Are drain points placed where they are readily operable by the technician? 

19. Are instruction plates provided, as necessary, to insure that the system is properly 
prepared prior to draining? 

20. Are drain points located so that fuel or other combustible fluids cannot run 
down to or collect in starters, exhausts, or other hazardous areas? 

21. Are lubrication requirements reduced as much as possible? 
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TABLE 6-11.   MAINTENANCE EVALUATION CHECKLIST (Cont'd) 

SERVICING CHECKLIST (Cont'd) 

22. Are pressure fittings provided for the application of grease to bearings that are 
shielded from oil? 

23. Are oil filler caps designed so that they: 

a. Snap and then remain open or closed? 
b. Provide large round opening for oil filling? 
c. Permit application of breather vents, dipsticks, and strainers? 
d. Are located external to enclosure, where possible, to eliminate necessity for 

access doors, plates, or hatches? 

FASTENER CHECKLIST 

1. Are fasteners for assemblies and subassemblies designed to operate with a max- 
imum of one complete turn? 

2. When tool-operated fasteners are required, are only those operable with standard 
tools used? 

3. Are combination-head mounting bolts with deep internal slots and hexagonal heads 
used? 

4. When high torque is required, are external hex-head bolts used? 

5. Are mounting bolts, nuts, and screws designed to be semipermanentlg captive? 

6. Is no more than one thread size per bolt size used in a given item of equipment? 

7. Is mounting hardware unobstructed by nearby components or structural members? 

8. Are assemblies and units designed to be replaceable by the use of standard tools? 

9. Are guide pins on units and assemblies provided for alignment during mounting? 

10. Are permanently attached tapped or riveted nuts used to avoid losing the nut 
or forcing the technician to hold the nut in place? 

11. When tool-driven screws must be used, are types used that can be driven by 
several tools (screwdriver or wrench when possible, i.e., a hex head with screw- 
driver slot)? 

12. Are access cover fasteners the captive type? 

13. Are fasteners designed so that close torque tolerances are not required? 

14. Are different types and sizes of fasteners held to a minimum? 

15. Are fastener mounting holes large enough to allow "starting"? 

16. Are fasteners made of rust-resistant material? 
17. Are bolts mounted with heads up? 

18. Are fasteners properly marked or coded? 
19. Is maximum use made of quick-release fasteners? 

20. Have clamps, fasteners, etc., been selected to permit fastening with one hand? 

21. Is the shape of the screw head compatible with the thickness of panel? 
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TABLE 6-11.  MAINTENANCE EVALUATION CHECKLIST (Cont'd) 

FASTENER CHECKLIST (Cont'd) 

22. If self-locking bolts (with fiber or plastic locking device) are used, is operating 
temperature below 250°F? 

23. Is length of bolt or screw adequate? 

24. Have small removable parts been secured by chains to prevent loss? 

25. Are mounting structure and removable component studs and mounting openings 
properly positioned and aligned? 

ELECTRONIC AND ELECTRICAL EQUIPMENT TEST POINT CHECKLIST 

1. Is accessibility of external test points assured under use conditions? 

2. Are test points grouped for accessibility and convenient sequential arrangement 
of testing? 

3. Is each test point labeled with the name or symbol appropriate to that point? 

4. Is each test point labeled with an in-tolerance signal or limits that should be 
measured? 

5. Are test points labeled with the designation of the available output? 

6. Are all test points color coded with distinctive colors? 

7. Are test points provided in accordance with the system test plan? 

8. Are test lead connectors used that require no more than a fraction of a turn 
to connect? 

9. Are test points located close to the controls and displays with which they are 
associated? 

10. Is the test point used in an adjustment procedure associated with only one'ad- 
justment control? 

11. Are means provided for an unambiguous signal indication at the test point when 
the associated control has been moved? 

12. Are test points located so that the technician operating the associated controls 
can read the signal on display? 

13. Are fan-out cables in junction boxes used for checking if standard test points 
are not provided? 

14. Are test points coded or cross-referenced with the associated units to indicate 
locations of faulty circuits? 

15. Are test points located near main access openings, in groups, properly labeled, 
and near primary surface to be observed from working position so as to reduce 
hunting time? 

16. Do test points require test probe retention so that technician will not have to 
hold the probe? 

17. Are built-in test features provided whenever standard portable test equipment 
cannot be used? 

18. Are test points adequately protected, illuminated, and accessible? 

19. Are routine test points provided that are available to the technician without re- 
moving the chassis from the cabinet? 
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TABLE 6-11.   MAINTENANCE EVALUATION CHECKLIST (Cont'd) 

ADJUSTMENT CHECKLIST 

1. Are adjustments held to a minimum? 

2. Will component selections hold their setting? 

3. Can adjustments be accomplished without the use of special tools? 

4. Can adjustments be accomplished without the use of special test equipment or 
techniques? 

5. Can adjustments compensate for tolerance change? 

6. Are adjustments and test points compatible? 

7. Can  installation or replacement of a factory-adjusted  component be  achieved 
without the requirement for readadjustment? 

8. Can all required test equipment be attached without unbalancing any circuit? 

9. Does the technical manual adequately explain adjustment procedures when the 
adjustments must be accomplished in a particular sequence? 

10.    Are items that are adjusted in a mandatory sequence appropriately placarded? 

ELECTRICAL CONNECTORS CHECKLIST 

1. If tools must be used to operate connectors, are only standard tools required? 

2. Do connectors  that  are used  for auxiliary equipment operate in  a fraction of 
a turn or with quick snap action? 

3. Are  connectors  that require  no  more than  one full turn used to connect test 
equipment to a test point? 

4. Can wires be unsoldered and removed without damaging lugs? 

5. Are interlocks and automatic disconnects provided on all accesses to high-voltage 
areas? 

6. Is each plug coded to an associate receptacle? 

7. Are quick-disconnect plugs used when feasible? 

8. When plugs must be safetywired, are provisions made for wiring? 

9. Are systems designed so that receptacles are "hot" and plugs are "cold" when 
disconnected? 

10. Are plugs and receptacles used for connecting cables to equipment units rather 
than "pigtailing" to terminal blocks? 

11. Are field replaceable modules,  parts,  and subassemblies plug-in  rather than 
soldered? 

12. Are Connectors placed for easy accessibility for replacement or repair? 

13*   Are connectors designed to prevent accidental shorting of electrical contacts by 
external objects? 

14. Are connectors placed to allow for a firm grasp for connecting and disconnecting? 

15. Is each pin identified on each plug? 

16. Are plugs so designed as to preclude insertion in the wrong receptacle? 
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TABLE 6-11.   MAINTENANCE EVALUATION CHECKLIST (Cont'd) 

ELECTRICAL CONNECTORS CHECKLIST (Cont'd) 

17. Do connectors have aligning pins or keys that extend beyond the contact pins? 

18. Are unkeyed symmetrical arrangements of aligning pins avoided? 

19. Are plugs with self-locking safety catch used, rather than those that must be 
safetywired? 

20. Are cables routed for technician  accessibility when feasible, rather than under 
floorboards, behind panels, etc.? 

21. Are cables routed so that they do not cross removable units or fasteners, or 
do not contact moving parts? 

22. Are cables routed to preclude sharp bending to connect or disconnect? 

23. Are cables, with connectors, provided with easy passage through walls, bulkheads. 
etc.? 

24. Are connectors designed so that it is physically impossible to reverse connections 
or terminals in the same or adjacent circuits? 

DISPLAYS AND CONTROLS CHECKLIST 

1. Are all displays used in system checkout located so that they can be observed 
from one position? 

2. On units having operator displays, are maintenance displays located behind an 
access door on the operator's panel? 

3. On units without operator panel, are maintenance displays located on one face, 
accessible in normal installations? 

4. Are all displays located for observation without removal or disassembly of any 
portion of the installation? 

5. Are label displays provided to locate systems or components in the block diagrams? 

6. Are circuits involving center null displays designed so that if power fails, the 
indicator will not reset in the in-tolerance position? 

7. Are internal displays illuminated? 

8. Are display scales limited only to that information needed to make decision or 
take some action? 

9. Are moving-pointer, fixed-scale indicators used for adjustment procedures? 

10. Are all-or-none type displays used when they will convey sufficient information? 

11. Are numerical scales used only when quantitative data are required? 

12. When some displays must provide numerical information and others only an in- 
tolerance or out-of-tolerance indication, are both types used? 

13. Are scales used showing correct reading, preferably a center-scale colored area 
for in-tolerance indication? 

14. Are related displays and controls placed on the same equipment face? 

15. Is each display positioned to be read easily and accurately by the technician 
while adjusting its control? 
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TABLE 6-11.  MAINTENANCE EVALUATION CHECKLIST (Cont'd) 

DISPLAYS AND CONTROLS CHECKLIST (Cont'd) 

16. Are display and control labels collocated so that the display label suggests which 
control affects which display? 

17. When a wide range of display movement is required, are the associated controls 
such that a small movement of the control will yield a large display movement? 

18. When fine adjustments are required, is the associated control such that a large 
movement of the control will yield a small display movement? 

19. Are controls placed on panel in the order of normal use? 

20. When controls are used  in  a fixed procedure,   are they numbered  in operation 
sequence? 

21. Are all adjustment controls located on a single panel of the equipment or com- 
ponent in which the adjustments must be made? 

22. Are controls located where they can be seen and operated without disassembly 
or removal of any part of installation? 

23. Are front panel maintenance controls covered with access doors? 

24. For concentric shaft vernier controls, are larger diameter controls used to refine 
adjustment? 

25. Are knobs used for precision settings of 2-in. diameter minimum? 

26. Are controls labeled with functional statement? 

27. Are control position markings descriptive rather than coded or numbered? 

28. Are control scales only fine enough to permit accurate setting? 

29. Except for detents or selector switches, do controls operate with smooth, even 
resistance to movement? 

30. Do selector switches exhibit sufficient spring loading to prevent being left between 
detents? 

31. Do spring-loaded pushbuttons cause inconvenient finger pressure? 

32. Are locking devices provided for maintenance controls that are subject to vibration 
or accidental movement? 

33. Are controls so located to preclude inadvertent release or abuse? 
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CHAPTER 7 
MAINTENANCE AND EQUIPMENT IMPROVEMENT 

This chapter discusses the maintenance en- 
gineering and maintenance operations as basic 
activities of the materiel maintenance function. 
The maintenance functions -specifically the 
maintenance actions of inspection, preventive 
maintenance, and corrective maintenance-and 
the preparation, use, and disposition of main- 
tenance records are addressed. The advantages 
and disadvantages of contract maintenance are 
described. In addition, the process of equipment 
improvement-including the identification, con- 
trol, and implementation of improvements in 
the materiel-and an equipment modification 
program are described. 

7-1  INTRODUCTION 

Maintenance of materiel consists of any'ac- 
tion taken to retain materiel in a serviceable 
condition or restore it to serviceability. A weap- 
on system, being a composite of individual 
materiel, is dependent in total on the avail- 
ability or serviceability of its individual com- 
ponents. Unavailability of equipment results in 
the loss and/or degradation of com- 
bat/operational readiness of the system. The 
overall objective of materiel maintenance is to 
insure that Army materiel is sustained in a 
ready condition, consistent with economy, to 
fulfill its designed purpose. This objective is 
achieved by active participation of maintenance 
engineering in the overall development and de- 
sign process. These activities consist of the fol- 
lowing (Ref. 1): 

a. Establishment of Maintenance Require- 
ments. Initially, maintenance requirements are 
identified in the required operational capability 
documents. The requirements must be realistic 
and definitive enough to provide essential in- 
formation required by the developing agency 
and all other agencies responsible for 
participating in the development and mainte- 
nance support of the item. 

b. Program Reviews. Reviews, during the 
development phase, in which maintenance en- 
gineering activities participate assure that (1) 
maintenance specifications are being complied 
with, (2) maintenance-influencing design fea- 
tures (e.g., maintainability) are being incorpo- 

rated to reduce maintenance task time and re- 
quirements for maintenance resources, and (3) 
maintenance resources are being properly iden- 
tified through the maintenance engineering 
analysis process. 

c. Planning Documentation. The mainte- 
nance support plan is prepared by the agency 
having logistic support responsibility for the 
new materiel. The plan includes operational re- 
quirements, the plan for maintenance, and user 
and support organizations. Also included are 
reliability and maintainability parameters, and 
decisions pertaining to repair levels, depot sup- 
port, float requirements, support plans for the 
coordinated test program, a materiel physical 
teardown plan, mechanical and electronic pack- 
aging, and test and checkout. 

d. Tests and Evaluation. Tests conducted 
during the materiel development are used to 
collect data to verify, in addition to perform- 
ance, the maintenance aspects and suitability 
of the maintenance planning. These tests in- 
clude engineering design, development, and op- 
erational tests. Coordination of the test effort 
encompasses the maintainability demonstration 
and maintenance evaluation. Each of these tests 
is used to provide assurance of the equipment 
maintainability and to demonstrate con- 
currently the adequacy of the maintenance or- 
ganization, maintenance concept, training, 
publications, and maintenance support planned 
for the item tested. 

e. Reporting System. The reporting sys- 
tem for fielded materiel provides the mainte- 
nance materiel management function with ap- 
plicable data from which to base decisions on 
the planning, scheduling, and control of the 
materiel to insure equipment operational read- 
iness. The system also provides the maintenance 
engineering function with the data from which 
maintenance requirements for new development 
items can be established, and/or equipment im- 
provements for the developed materiel can be 
proposed. 

Maintenance planning is guided by system 
support and equipment operational readiness 
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objectives established  by the Army  and the 
Department of Defense, which are to: 

a. Plan all life cycle support activities, in 
detail, early in the life cycle of equipment. 

b. Design materiel for ease of mainte- 
nance. 

c. Predict support requirements  accurate- 

iy. 
d. Provide support costs. 

e. Provide support and end items con- 
currently. 

The following are basic principles of main- 
tenance as announced by the Army (Ref. 1): 

a. Each commander is responsible for the 
maintenance of equipment issued to his unit. 

b. Maintenance will be performed in ac- 
cordance with published maintenance doctrine 
at the lowest category consistent with the tac- 
tical situation and available time, skills, and 
tools. 

c. Repairs will be accomplished on site 
whenever feasible. 

d. Maintenance will be accomplished in ac- 
cordance with the applicable Maintenance 
Allocation Chart (MAC), which assigns specific 
repair tasks to specific categories. 

e. Unserviceable materiel beyond the 
maintenance authority or capability of an or- 
ganization will be reported or evacuated 
promptly to the organization responsible for the 
next higher category of maintenance. 

/ Unless precluded by the operational sit- 
uation, all authorized maintenance within the 
capability of an organization will be accom- 
plished before equipment is evacuated to the 
next higher category of maintenance. Higher 
categories will perform the maintenance func- 
tions of lower categories when directed by the 
appropriate commander. 

g. Ordinarily, Table of Organization and 
Equipment units will not be designated to per- 
form, as a primary mission, a combination of 
categories such as direct support and general 
support maintenance. Specific exceptions may 
be authorized by the Army for combining direct 
support and general support maintenance in 
special cases involving unit assignment, low- 
density equipment, complex weapon systems, 
and similar instances when justified. 
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h. Each unit will have an organizational 
maintenance capability to the greatest extent 
practicable, considering the size of the unit, its 
mission, economy of resources, and operational 
environment. 

i Table of Distribution and Allowances 
maintenance facilities at installations normally 
will be assigned combined direct and general 
support maintenance missions to provide main- 
tenance support to units located or satellited 
thereon on a "repair and return to user" basis. 
These combined direct support and general sup- 
port maintenance facilities also repair or over- 
haul unserviceable equipment for return to the 
local supply system. 

j. Maintenance will be accomplished with 
due consideration to the economy of resources. 
The "inspect and repair only as necessary" prin- 
ciple will be applied at all categories of main- 
tenance. 

k. Continuous command emphasis on the 
prompt evacuation of repairable unserviceable 
components and end items to direct support, 
general support, and depot maintenance facil- 
ities is mandatory for timely maintenance con- 
tributions to materiel readiness. Depot overhaul 
programs are extremely sensitive to having pre- 
cisely the planned number of unserviceable but 
repairable assets delivered at the planned time. 
When such delivery is not accomplished, depot 
overhaul cannot serve as a means of ready sup- 
ply of major secondary items. 

The increasing complexity and technical 
sophistication of Army materiel impose increas- 
ingly heavy demands on the Army's mainte- 
nance organization. These factors also tend to 
magnify the cost of materiel maintenance. 
Thus, increased emphasis and attention are be- 
ing directed toward reducing the amount and 
frequency of required maintenance, the tech- 
nical skills required to perform maintenance, 
and the amount of supply support required for 
Army materiel (Ref. 2). The maintenance en- 
gineer, through the results of maintenance en- 
gineering analysis, is provided with the basis 
-for influencing or initiating equipment improve- 
ments throughout the materiel life cycle. It is 
of utmost importance that potential sup- 
port/design interface problems be identified 
early in the development of equipment to avoid 
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problems with deployed hardware and potential- 
ly costly modification or support programs. 
During the formulation of maintenance require- 
ments, special considerations are given to the 
capability of the user. The feasibility of assign- 
ing a maintenance task to a maintenance level 
is influenced by the following factors: tactical 
concept for deployment; materiel technical fac- 
tors; and peculiarity of the skills, tools, test 
equipment facility, and repair parts required. 
The maintainability and maintenance engineers, 
through close liaison, interchange 
maintainability analysis data and maintenance 
engineering analysis data during the mainte- 
nance concept formulation phase. The objectives 
of these two functions are assured through the 
cost trade-off process used to select the op- 
timum maintenance concept. The basic ap- 
proach to the cost analysis is to consider the 
cost of repair, the number of items to be re- 
paired, the total logistic cost of supporting the 
equipment, and the cost of initial acquisition. 
Most cost, analysis involves a cost comparison 
of repair policies; e.g., equipment repair by 
component replacement at various maintenance 
levels, and repair versus discard-at-failure 
maintenance (Ref. 3). 

The importance of the maintenance func- 
tion must be understood and emphasized at all 
levels of maintenance. The importance of main- 
tenance to combat effectiveness is not altered 
under either peacetime or limited emergency 
conditions. Readiness for combat always de- 
mands the same preparation and effort on the 
part of the entire maintenance system, with the 
possible added constraint of limited resources 
to do the maintenance job during limited emer- 
gency conditions (Ref. l).Thus the maintenance 
requirements and support resources must en- 
compass not only the actual materiel but must 
consider the requirement for field documen- 
tation to provide data for effective account- 
ability, evaluation, and verification of the 
materiel maintenance function. This function 
includes the maintenance concept, supply pro- 
cedures, facility requirements, user demands on 
the equipment in terms of personnel and en- 
vironment, and other support resources. These 
field documentation data are used by the main- 
tenance engineer to perform the maintenance 
engineering analysis, update the logistic support 
analysis data system, and initiate changes to 

the design or support resource, as required, to 
resolve any performance/support interface 
problems. Thus maintenance engineering, from 
the concept phase through deployment, per- 
forms a key function in the identification of 
maintenance resources and operations related 
to the materiel maintenance function. 

7-2 MAINTENANCE FUNCTIONS 

Maintenance functions are actions that 
must be accomplished on a system or system 
element in order to return a failed system or 
system element to readiness (corrective main- 
tenance functions) or to insure continuous nor- 
mal system readiness (preventive maintenance 
functions). 

The major maintenance functions are list- 
ed on the maintenance allocation chart. These 
are inspect, test, service, adjust, align, Cali- 
brate, install, replace, repair, overhaul, and re- 
build. However, these are not the only functions 
with which maintenance engineering analysis 
must be concerned. Other functions—such as ac- 
cess, checkout, diagnosis, fault detection, and 
fault isolation-must be considered. 

Another maintenance function that should 
be considered in the maintenance engineering 
analysis is cannibalization. Cannibalization is 
the authorized removal of serviceable or eco- 
nomically repairable modules and parts from 
unserviceable equipment by maintenance activ- 
ities for use by those activities in the accom- 
plishment of their maintenance and direct ex- 
change functions, or to support local 
area/command supply systems. Normally, can- 
nibalization of Army equipment is accomplished 
at the organizational, direct support, and gen- 
eral support levels of maintenance by the ex- 
change of serviceable/unserviceable modules 
and parts between like items of unserviceable 
equipment, and the removal of serviceable or 
economically repairable modules and parts from 
locally disposable items of equipment prior to 
the release of these items to a property disposal 
officer. Cannibalization, however, usually is a 
"last resort" source for needed parts. 

7-2.1   RECORD KEEPING (Ref. 4) 

Army maintenance management proce- 
dures are based upon the concept of recording 
essential data concerning equipment operation 
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and maintenance. The objective is to attain 
timely and adequate data required for the con- 
trol, operation, and maintenance of materiel at 
each level of command, and at the same time 
insure that the quantity of data acquired is the 
minimum consistent with the objective. This 
paragraph identifies the type, preparation, use, 
and disposition of records used for recording 
the operational and logistic data used at the 
organizational and national levels. Intermediate 
commanders may establish additional data col- 
lection to facilitate management of their op- 
erational and logistic responsibilities. 

7-2.1.1   Types of Records 

Army maintenance management proce- 
dures require that the following types of records 
be maintained: 

a. Operational Records. These records per- 
tain to equipment utilization and dispatch con- 
trol. They are maintained by all units, orga- 
nizations, and activities responsible for the op- 
eration of self-propelled and towed vehicles, and 
stationary powered equipment. 

b. Maintenance Records. These records 
pertain to the following materiel maintenance 
activities: 

(1) Recording results of equipment in- 
spections 

(2) Recording  results   of diagnostic 
checkouts 

(3) Scheduling and accomplishing pre- 
ventive maintenance services 

(4) Requesting maintenance support 
(5) Recording maintenance actions 
(6) Reporting  equipment  operational 

status 
(7) Improving   supply  procedures 

within and between maintenance activities. 
c. Equipment Historical Records. The 

equipment log is the historical record for a spe- 
cific item of equipment. It is a control device 
for mandatory recording of events during the 
life cycle of equipment, including receipt, op- 
eration, condition, maintenance accomplished, 
modification, and transfer. The equipment log 
must be controlled and safeguarded against loss 
or damage. The log is identified permanently 
with the applicable equipment by nomenclature 
and registration or serial number. The most im- 
portant use of the equipment log is to provide 

commanders with up-to-date information con- 
cerning the readiness of the item of equipment, 
the condition of equipment, and the identifica- 
tion of equipment requiring the greatest main- 
tenance effort. The equipment log may be used 
as a control document for operational dispatch 
of equipment. When used for dispatch, the 
equipment log will be under the control of the 
operator or crew at all times. 

d. Ammunition Records. These records 
pertain to the use, maintenance, and support 
of Army designed or produced: 

(1) CBR ammunition materiel 
(2) Conventional ammunition 
(3) Class V items used on guided mis 

siles or rockets 
(4) Special explosive ordnance disposa 

tools and equipment. 
e. Calibration Records. These records are 

used to schedule, record, and report activities 
pertaining to calibration and maintenance cal- 
ibration of materiel. 

Close attention to recording the informa- 
tion accurately and completely is necessary. 
Although each record serves an individual 
purpose, one record is only a part of the system. 
A chain of information develops through the 
interrelation of each record to others in the sys- 
tem. 

7-2.1.2 Use and Disposition of Maintenance Records 

The following paragraphs concentrate on 
the maintenance records portion of the report- 
ing system, briefly discussing the purpose, use, 
and disposition of some of the maintenance 
records: 

a. Recording Results of Equipment Inspec- 
tions and Diagnostic Checkout. The equipment 
inspection and maintenance worksheet record 
(DA Form 2404) is used for recording: 

(1) Equipment faults (except for air- 
craft and parachutes) found during the oper- 
ator's daily, inspection and service, periodic 
maintenance services, inspection of equipment 
by maintenance activities, diagnostic checkouts 
and spot check inspection of equipment 

(2) The results of equipment serv- 
iceability criteria tests and checks prescribed 
by AR 135-8 and AR 220-1 
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(3) The results of a technical eval- 
uation of a guided missile system 

(4) The results of PMI-PMP checks of 
aircraft 

(5) The results of technical inspections 
on all equipment to classify equipment prior 
to turn-in. Serviceability codes listed in AR 725- 
50 will be recorded. 

The form is used by all personnel who per- 
form inspections, maintenance services, diag- 
nostic checkouts, equipment serviceability 
criteria (ESC) checks, and guided missile sys- 
tem technical evaluations. This is a temporary 
record and may be used to record the inspection 
of all components and attachments to a major 
item (e.g., a combat vehicle with radio and fire 
control equipment mounted, or a trailer- 
mounted generator), to record a complete day's 
inspection and servicing of a complete equip- 
ment system comprising several separate items 
of equipment, and to record the results of an 
inspection of several like items of equipment. 
The equipment inspection and maintenance 
worksheet record also is used for recording dai- 
ly inspections and services (except aircraft daily 
inspections and administrative motor pools us- 
ing automatic data processing cards for dis- 
patching), periodic maintenance services, and 
inspection of equipment by maintenance activ- 
ities as follows: 

(l)When used by an equipment oper- 
ator or crew for recording before, during, and 
after operation inspections and services: only 
those faults that cannot be corrected by the 
operator or crew, or that are corrected by 
replacing parts, will be recorded. 

(2) When used by organizational main- 
tenance personnel for recording periodic main- 
tenance services: all faults found and corrective 
action taken as a result of the inspection will 
be entered. 

(3) When used by support maintenance 
activities for performing initial and final in- 
spections of equipment received for repair: all 
faults existing at the time of inspection will 
be recorded. This record, when used to complete 
initial inspections, will be attached to the main- 
tenance request furnished the mechanic as- 
signed to repair the equipment. 

'DA  Form   2404   (Equipment   Inspection   and Mainte- 
nance Worksheet) 

2 

DA Form 2407   (Maintenance Request) 

This record will be used for reporting 
equipment serviceability criteria tests and 
checks in conjunction with the technical manual 
prescribing the serviceability criteria applicable 
to the item of equipment concerned. This record 
also is used to report results of a technical eval- 
uation of a guided missile system. 

DA Form 2404,' used for recording the op- 
erator's or crew's daily inspection, will be 
furnished to the appropriate maintenance super- 
visor for action. When all corrected faults have 
been recorded on the appropriate form of the 
equipment log and all uncorrected faults have 
been transcribed to DA Form 24072or DA Form 
2408-14,' DA Form 2404 will be destroyed. 

DA Form 2404, used to record a periodic 
service, will be destroyed when the following 
actions have been completed: 

(1) Parts used have been posted to DA 
Form 2407. 

(2) Uncorrected   faults   have  been 
recorded on DA Form 2408-14 or DA Form 2407. 

DA Form 2404, used for recording the per- 
formance of equipment serviceability criteria 
tests and checks, must be posted on DD Form 
314" (except for aircraft) and will be retained 
by the using organization and maintained cur- 
rent until the next serviceability tests and 
checks are completed. Upon completion of the 
ESC tests and checks, DA Form 2404 will be 
reviewed by the maintenance supervisor, who 
will take all necessary actions required to im- 
prove the category rating. Any action not cor- 
rected immediately will be recorded on the 
equipment DA Form 2408-14. The ESC rating 
then will be posted on the equipment DD Form 
314. 

DA Form 2404, completed on items of 
equipment for which no permanent records are 
prescribed, will be destroyed after the correc- 
tion of all listed faults or after the completion 
of the next prescribed periodic service, at which 
time remaining faults will be transcribed to the 
new DA Form 2404. When used for technical 
inspections, the form will be disposed of in ac- 
cordance with appropriate supply directives. 

DA Form 2404, used during aircraft in- 
termediate and periodic inspections, will be ap- 
pended to and filed with the applicable DA 

DA Form 2408-14   (Uncorrected Fault Record) 
4 

DD  Form  314   (Preventive Maintenance Schedule and 
Record) 
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Form 2408-13'when the following actions have 
been completed: 

(1) The accomplishment of the specific 
inspection is recorded on the DA Form 2408-13 
as completed. 

(2) Uncorrected faults have been 
transcribed to DA Form 2408-13, DA Form 
2408-14, and/or DA Form 2407, as applicable. 

(3) All parts used have been recorded 
on DA Form 2407, DA Form 2408-16/ and DA 
Form 2410; when applicable. 

DA Form 2404, used for recording the per- 
formance of aircraft equipment serviceability 
criteria tests and checks, will be retained by 
the using organization until the next serv- 
iceability tests and checks are completed. 

b. Scheduling Preventive Maintenance. 
The preventive maintenance schedule and 
record (DD Form 314) provides a means for 
recording scheduled and performed mainte- 
nance and lubrication services, and pertinent 
data required for readiness reporting. This 
record will be used for scheduling periodic 
maintenance services on equipment (except air- 
craft and parachutes) when the technical man- 
ual for the item of equipment specifies that 
the services are to be performed by a mechanic 
or operator under the supervision of mainte- 
nance personnel and for scheduling calibration 
services when DA Form 2416" is not used. It 
will be used for recording nonavailable time, 
not operationally ready, supply/not oper- 
ationally ready, maintenance for organizational 
and support maintenance, and the results of 
current equipment serviceability criteria. 

One record normally is initiated for each 
item of equipment; however, several like items 
may be scheduled on one record if they are 
scheduled for service on a common date. Main- 
tenance services are scheduled at least one 
month or one service in advance, whichever 
time is greater. 

When the information on a completed 
record has been transferred to a new record 
for continued scheduling of periodic preventive 
maintenance services, it may be destroyed. The 
current record will accompany the equipment 
on transfer or will be destroyed upon salvage 
of the equipment. 

'DA  Form   2408-13   (Aircraft  Inspection  and Mainte- 
nance Record) 

2 DA   Form   2408-16   (Aircraft   Component   Historical 
Record) 
7-6 

c. Recording Maintenance Accom- 
plishments. The maintenance request (DA 
Form 2407) is used to request maintenance 
assistance and to record, report, and/or submit 
maintenance information. This record is used 
at all maintenance levels, as follows: 

(l)At the organizational level,  it is 
used for: 

(a) Requesting maintenance sup- 
port from supporting maintenance activities 

(b) Reporting maintenance per- 
formed on selected items 

(c) Reporting all maintenance 
performed on aircraft and specified components 
and on installed equipment, assemblies, etc. 

(d) Reporting accomplishment of 
modification work orders 

(e) Submission of equipment im- 
provement recommendations 

if) Submission of warranty claim 
actions 

(g) Reporting of "previously com- 
plied with" modification work orders 

(^Recording and reporting 
maintenance performed on specified tactical 
vehicles designated as administrative use motor 
vehicles and support equipment authorized to 
administrative motor pools 

^Recording and reporting 
maintenance float equipment exchange actions. 

(2) At direct/general support mainte- 
nance levels, it is used for: 

fa,) Recording all maintenance 
performed and all repair parts used, except 
common hardware and bulk materials 

(b) Recording all maintenance 
performed on aircraft and specified components, 
and on installed equipment, assemblies, etc. 

(c) Reporting the completion of 
modification work orders 

(d) Submission of equipment im- 
provement recommendations 

(e) Submission of warranty claim 
actions 

if) Requesting repai'r of un- 
serviceable components, assemblies, and subas- 
semblies as a result of direct exchange (When 

3DA   Form   2410    (Component   Removal   and   Repair/ 
Overhaul) ' ' 

4DA Form 2416    (Calibration Data) 
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used in this manner, a multiple of the same 
stock number items may be placed on one main- 
tenance request; i.e., 10 rifles, 5 starters, 30 
carburetors, etc.) 

(g) Requesting maintenance sup- 
port of another maintenance unit sup- 
port/activity (intershop maintenance request) 

(h) Recording and reporting 
maintenance performed on tactical vehicles des- 
ignated as administrative use motor vehicles 
and support equipment authorized adminis- 
trative motor pools 

(^Reporting of "previously com- 
plied with" modification work orders 

(j) Recording and reporting 
maintenance float transactions 

(k) Recording and reporting 
maintenance actions for Department of the 
Army data sampling items. 

(3) At depot maintenance  level, it is 
used for: 

(a) Reporting the application of 
all modification work orders 

(b) Submission of equipment im- 
provement recommendations 

(c) Submission of warranty claim 
actions 

(d) Recording and reporting all 
maintenance performed on aircraft and spec- 
ified components and on installed equipment, 
assemblies, etc. 

(e) Recording and reporting "on- 
site" maintenance performed by depot mainte- 
nance personnel 

if) Recording and reporting of 
"repair and return to user" maintenance per- 
formed at depots 

(g) Reporting of "previously com- 
plied with" modification work orders 

(h) Recording and reporting 
maintenance actions for Department of the 
Army data sampling items. 

The record is used to report maintenance 
performed under contract, for reporting dam- 
aged or improper shipment of materiel, and for 
requesting and reporting maintenance on ad- 
ministrative use vehicles. 

(4) The disposition of the record will 
be as prescribed below: 

(a) The receipt copy is destroyed 
by the maintenance activity when equipment 
is returned to the owner. 

(b) The National Maintenance 
Point copy is required for reporting to the na- 
tional level only for aircraft, aircraft compo- 
nents, aircraft subsystems, maintenance float 
transactions, Department of the Army directed 
sampling items, and all modification work order 
applications. Such copies are forwarded in spec- 
ified periods of time. Copies pertaining to equip- 
ment improvement recommendations and 
warranty claims are forwarded to addressees 
specified by TM 38-750. All other National 
Maintenance Point copies will be disposed of 
as prescribed by the local Commander. 

(c) The control copy is forwarded 
as prescribed by the local command. 

(d) The organization copy will be 
retained for a period of 90 days. 

(e) The file copy will be retained 
by the maintenance activity for 90 days, except 
that copies pertaining to items in an approved 
sampling plan will be retained as specified in 
the plan. 

d. Recording Equipment Operational Sta- 
tus. The materiel readiness report (DA Form 
2406) provides, for Department of the Army 
staff and commanders at all levels, information 
regarding the readiness status of equipment in 
the hands of using organizations. 

The information contained in this report 
is designed to meet the following specific re- 
quirements: 

(1) Provide commanders at lower lev- 
els with equipment status information for plan- 
ning day-to-day operations. 

(2) Provide installation and organiza- 
tion commanders with information on mainte- 
nance backlogs, serviceability of equipment, 
density of equipment, and availability of equip- 
ment for operation. 

(3) Provide major commanders and in- 
termediate commanders the materiel readiness 
status of equipment in the hands of using ac- 

tivities. 
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(4) Provide to the Department of the 
Army the materiel readiness status of desig- 
nated items of equipment. 

The materiel readiness report provides a 
standard procedure for reporting materiel read- 
iness data. Procedures for its utilization are as 
follows: 

(1) Using Agencies. 
(a) The Department of the Army 

will use the report for collection of materiel 
readiness data on selected items of equipment. 

(b) Commands below the Depart- 
ment of the Army level may use the report 
for collection of materiel readiness data on any 
additional items of equipment that may be re- 
quired to insure operational readiness of the 
command. 

(2) Reporting Agencies. 
(a) All Army organizations or in- 

stallations, including Reserve Components, 
maintaining a property book or a property ac- 
count in accordance with established provisions 
in Army regulations will complete this report. 

(b) The report may be maintained 
by organizations and activities on a day-to-day 
basis for the purpose of providing feeder data 
for periodic reports if desired locally. 

The frequency of reports will be estab- 
lished based on the following: 

(1) Accumulative reports will be pre- 
pared covering a 3-month period. 

(2) An accumulative monthly materiel 
readiness report will be prepared covering a 1- 
month period for the first and second month 
of each reporting quarter. 

(3) Commanders using the report for 
collection of equipment readiness data for other 
than Department of the Army level reporting 
purposes will prescribe the frequency for prep- 
aration and submission. 

The types of equipment to be reported 
under the equipment operational status reports 
are: 

(1) All equipments authorized or on 
hand, including all makes and models of 
materiel designated for reporting are reported. 

(2) Equipment categorized as training 
aids or training equipment will not be reported. 

(3) Service schools and training 
centers will not report those items of instruc- 
tion equipment which meet all of the following 
criteria: 

(a) Equipment is used in an ap- 
proved plan of instruction. 

(b) Equipment normally is not 
kept in a system configuration. 

(^Equipment is continuously 
disassembled and/or contains induced malfunc- 
tions (bugged). 

e. Improving Supply Procedures Within 
and Between Maintenance Activities. Recording 
of the data on component removal, repair, and 
overhaul is accomplished by executing a com- 
ponent removal and repair/overhaul record (DA 
Form 2410). This record provides a means of 
recording and reporting data required to control 
selected aircraft items, and selected missile 
components and parts (referred to as reportable 
items). Data recorded and reported on this 
record include but are not limited to identifica- 
tion and location of the item, current serv- 
iceability status, and the major item of equip- 
ment on which the reportable item is installed 
or from which it was removed. 

This record is used to provide repair, con- 
trol, and historical data for designated report- 
able items, whether installed or uninstalled. 
This record is initiated under the following con- 
ditions: 

(1) When a reportable item initially is 
placed in the Army inventory, whether installed 
or uninstalled 

(2) When a serviceable or an un- 
serviceable reportable item is removed from an 
end item and is not reinstalled on the same 
item 

(3) When a serviceable or an un- 
serviceable reportable item is removed from a 
component or assembly and is not reinstalled 
on that item 

(4) When the serviceability status of 
an uninstalled reportable item changes for any 
reason 

(5) When the stock number of a re- 
portable item is changed as a result of mod- 
ification work order compliance 
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(6) When a reportable item is salvaged 
or otherwise becomes a loss to the Army's in- 
ventory 

(7) When the record is prepared by a 
using organization for a reportable direct ex- 
change (DX) item, copies will be delivered with 
the reportable item. If the DX activity is unable 
to furnish a serviceable replacement at time 
of delivery, one copy will be completed by the 
DX activity to provide a receipt for the using 
organization. The user will return the receipt 
copy to the DX activity when the required re- 
placement item has been furnished. 

The record  is divided into four separate 
sections, which are used as follows: 

(1) Section I, Identification. This sec- 
tion provides identification and usage data per- 
tinent to the reportable item. Such identifica- 
tion and usage data are included on all copies 
of the form and are common to all subsequent 
actions concerning the reported item. Since the 
information in Section I must be on all copies 
of the form, personnel completing this section 
will inspect the carbon copies to insure legibili- 
ty- 

(2) Section II, Removal Data. This sec- 
tion identifies an end item or a component or 
assembly from which the reportable item was 
removed. This section also identifies the orga- 
nization removing the reportable item, the rea- 
son for removal, circumstances under which the 
failure was detected, effect on the mission, and 
the organization to which the removed item was 
shipped. 

(3) Section 111, Repair/Overhaul Data. 
This section identifies the organization(s) per- 
forming checkouts, repair, and/or overhaul of 
the reportable item identified in Section I. It 
also provides a means of recording and report- 
ing actions taken by each organization involved 
in the maintenance cycle, the man-hours re- 
quired to complete such actions, and the dis- 
position of the reportable item. The front sides 
of several of the copies of this record are iden- 
tical to permit successive evacuations of the re- 
portable items between maintenance activities 
without initiation of a new form. The reverse 
side of one of the copies provides for the entry 
and identification of parts used for repair or 
overhaul, as well as the entry of the applicable 
failure code. 

(4) Section IV, Installation Data. This 
section identifies the end item or a component 
or assembly on which the reportable item is 
installed. It also identifies the organization 
making the installation, provides a means of 
reporting the man-hours required for install- 
ation of the reportable item, and provides usage 
data required for the preparation of other 
forms. In the event the reportable item is 
dropped from the Army inventory, this section 
also provides a means of reporting the reason 
for the loss. 

Disposition of the copies of this record is 
as follows: 

(1) One copy, upon task completion, 
will be disposed of in accordance with estab- 
lished procedures. 

(2) One copy, upon completion of its 
use as a receipt, will be destroyed. 

(3) Four copies will be processed, as 
applicable, to report succeeding actions affect- 
ing the item through the evacuation, repair, 
overhaul, installation, and/or loss cycle; e.g., 
one copy is completed by the direct support 
unit when that unit cannot repair the item, and 
one copy is completed by the general support 
unit when the item cannot be repaired at that 
level. In all cases, one copy is completed by 
the unit/activity completing the actual re- 
pair/overhaul action. 

7-2.2   INSPECTION 

Inspection, in its broadest sense, is the ex- 
amination and testing of materiel and material 
to determine whether or not they conform to 
technical requirements. Inspection is accom- 
plished at all levels of maintenance and during 
the acceptance of products from contractors and 
vendors. The discussion that follows will em- 
phasize the inspection activities associated with 
deployed materiel. The principles advanced ap- 
ply to other types of inspection. 

The basic objectives of inspections accom- 
plished on deployed materiel are to insure that 
the materiel is serviceable and/or to determine 
the requirement for actions that will enhance 
materiel serviceability. Inspections are con- 
ducted by operators and technicians as part of 
preventive maintenance programs. The inspec- 
tions consist of visual observations, measure- 
ments, tests, etc., and specifically concentrate 

7-9 



AMCP  70G-132 

on predesignated areas that would indicate, by 
inspection, potential system problems. Com- 
manders and supervisory personnel involved in 
maintenance management perform similar in- 
spections with an added objective of instilling 
discipline into the maintenance system. 

To attain maintenance economy and effi- 
ciency, it is important to achieve the objectives 
of inspections with the minimum feasible ex- 
penditure of maintenance resources. Con- 
sequently, inspections are accomplished in ac- 
cordance with standards or procedures that pro- 
vide specific guidance to inspectors. These 
standards are developed as a part of the main- 
tenance engineering analysis process. Source 
data are contained in documents which sup- 
pliers of components, subassemblies, assemblies, 
etc., deliver with their products. Such documen- 
tation consists of technical and supply bulletins, 
operating manuals, maintenance manuals, 
drawings, etc. Maintenance engineering accepts 
or modifies the source data based on the ap- 
plication of the subassemblies, etc., in end 
items, the overall maintenance concept, service 
life, operational requirements, and historical 
data. In those cases where no supplier data are 
made available, engineering analysis is coupled 
with the foregoing considerations to determine 
inspection standards. After all inspection stand- 
ards have been determined, they are integrated 
into an overall inspection program that requires 
minimum maintenance resources and has min- 
imum adverse impact on system operational 
availability. 

As a result of inspections or other eval- 
uation activities, Commanders with subordinate 
units, or a unit Commander, may discover that 
a unit requires assistance in maintenance or 
maintenance related activities. This assistance 
will be provided upon request under the pro- 
visions of a Maintenance Assistance and In- 
struction Team Program (Ref. 11). Under the 
program, technical assistance and expertise are 
furnished to unit Commanders to help them 
identify and solve problems that are contrib- 
uting to the inability of their units to meet 
readiness standards. 

The maintenance assistance and instruc- 
tion team visits are not an inspection and do 
not result in adjectival ratings or scores. The 
purpose of the visits is to provide assistance 
and instruction in operation and management 

areas such as operator requirements, preventive 
maintenance and equipment repair, equipment 
condition and serviceability, unit readiness re- 
porting, repair part and supply procedures, 
record and report management, and safety. The 
results of the visits are not disseminated outside 
of the visited unit. 

7-2.3   PREVENTIVE MAINTENANCE 

Increased materiel complexity, cost, and 
quantities have resulted in increased demands 
on Army maintenance resources. The require- 
ment for quick response of the modern weapon 
system necessitates a maintenance program 
that provides the highest availability in the 
most economical manner. Effective mainte- 
nance management contributes to the readiness 
of materiel by improving the effectiveness and 
economy of planned maintenance operations. 
Such planned maintenance will provide the fol- 
lowing benefits: 

a. Increased system availability through 
minimizing unscheduled shutdowns due to 
equipment failures 

b. Prolonged life of the equipment through 
minimizing harmful degradation/deterioration 

c. Reduced maintenance costs through re- 
quiring fewer end item repair parts and skilled 
repair personnel. 

The overall objective of materiel mainte- 
nance is to assure that Army materiel is sus- 
tained in a ready condition, consistent with 
economy, to fulfill its designed purpose. 

7-2.3.1   Definition and Description 

Preventive maintenance is defined as the 
care and servicing by personnel for the purpose 
of maintaining equipment and facilities in sat- 
isfactory operating condition by providing for 
systematic inspection, detection, and correction 
of incipient failures either before they occur 
or before they develop into major defects. 

The elements of preventive maintenance, 
as applicable to any system, are as follows: 

a. Servicing. Cleaning, preservation, 
charging, adding, painting, lubricating, etc., of 
materiel on a scheduled basis to prevent in- 
cipient failures. 

b. Inspection. Periodic inspection of 
materiel to determine serviceability of materiel 
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by comparing its physical, mechanical, and elec- 
trical characteristics with established stand- 
ards. 

c. Testing. Any test or checkout operation 
performed on a periodic or scheduled basis to 
determine serviceability and detect electrical or 
mechanical degradation. 

d. Adjustment. To adjust, on a scheduled 
basis, specified variable elements of materiel to 
bring the system to optimum performance level. 

e. Alignment. To change specified variable 
elements of an item to bring about optimum 
performance. 

/ Calibration. Periodic determination of 
the value of characteristics of an item by com- 
parison with a standard. Consists of the com- 
parison of two instruments, one of which is a 
certified standard of known accuracy, to detect 
and adjust any discrepancy in the accuracy of 
the materiel being compared with the known 
standard. 

g. Installation. To set up and use in an 
operational environment. As used in relation to 
preventive maintenance, it refers to those items 
which have a specified shelf life or which ex- 
perience time cycle or wear degradation and 
must be replaced at specific intervals to main- 
tain the required tolerance of the system. 

The two types of maintenance that con- 
tribute to system downtime are corrective 
(unscheduled) and preventive (scheduled) main- 
tenance. The elements of an efficient mainte- 
nance materiel program provide for the plan- 
ning for and support of both types of actions. 
The objective -of the unscheduled tasks is to 
restore the equipment to operational status with 
minimum degradation of its overall inherent 
reliability and with minimum impact on the 
materiel downtime. The objective of the sched- 
uled tasks (preventive maintenance) is to pre- 
vent deterioration of the inherent design capa- 
bility by performing scheduled actions that are 
planned to increase the service life of materiel 
and prevent accelerated materiel failure. Pre- 
ventive maintenance is expressed in the quan- 
titative terms of mean preventive maintenance 
time, median preventive maintenance time, and 
maximum preventive maintenance time. Pre- 
ventive maintenance downtime is one element 
of the mean downtime used in the operational 
availability calculations (see par. 4-2). 

7-2.3.2   Implementation 

Preventive maintenance actions, estab- 
lished as requirements, must be accomplished 
on a periodic basis throughout the life cycle 
of materiel. The resources required to accom- 
plish the actions are affected significantly by 
materiel design. The primary resource normally 
expended is manpower, and a significant 
number of man-hours is devoted to preventive 
maintenance during the average materiel life 
cycle. Maintenance engineering can use the cost 
of preventive maintenance man-hours and other 
resources to influence design through cost 
trade-offs. For the greatest probability of suc- 
cess, the effort must be accomplished early in 
the development phase, and reasonable design 
alternatives must be advanced. The first type 
of design features to be considered are those 
such as sealed bearings and self-adjusting com- 
ponents that eliminate preventive maintenance 
requirements. Next, all applicable 
maintainability features should be considered. 
Among these are features-such as accessibility 
and simplicity-that reduce time and skill re- 
quirements. Two other trade-off areas to con- 
sider are reliability and durability. 

Preventive maintenance tasks are defined 
and allocated, together with the resources re- 
quired to support them, during the maintenance 
evaluation phase of maintenance support plan- 
ning. At this time, the frequency of scheduled 
preventive maintenance services is determined 
and the maintenance time standards are devel- 
oped. The adequacy of the preventive mainte- 
nance service instructions is evaluated and the 
time standards are compared with actual times 
during the maintenance portion of the equip' 
ment service test. The tasks are those, such 
as servicing, inspection, adjustment, and cal- 
ibration, which prolong system operation and 
useful life. These tasks normally are performed 
with minimum disassembly of materiel, and the 
system may be returned to operational status 
in minimum reaction time. Periodic tests may 
be conducted to verify system performance and 
insure that there are no leaks, loss of pressure, 
degradation of operational status, etc. Although 
preventive maintenance may result in system 
downtime during the performance of the pre- 
ventive maintenance task, it will, in fact, reduce 
overall materiel downtime by increasing the 
service  life and preventing failures  requiring 
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time-consuming corrective action. The consid- 
eration for preventive maintenance identifica- 
tion, task selection, and scheduling is an im- 
portant factor in the materiel management by 
the commodity commands. Since system oper- 
ational requirements (e.g., air defense system, 
aircraft, combat vehicles, etc.) may dictate ex- 
tended operation, the design objective should be 
to develop materiel that may operate for ex- 
tended periods of time without damage if pre- 
ventive maintenance cannot be performed at the 
prescribed time. 

An effective preventive maintenance pro- 
gram is one which schedules only those tasks 
necessary to meet stated objectives. The op- 
timum schedule is one which does not increase 
maintenance costs without increasing materiel 
protection. In addition, in determining the ap- 
propriateness of preventive maintenance appli- 
cable to a given item or piece of equipment, 
two factors must be given prime consideration. 
These factors are its effect on system oper- 
ational' and availability requirements and its 
cost. Since preventive maintenance should not 
interfere with, or at least have minimal effect 
on, operations, it should be scheduled for slack 
or out-of-service periods, or should be per- 
formed when the equipment is down for other 
reasons. Insofar as possible, the scheduled pre- 
ventive maintenance interval should be the 
same for all components of an assembly. Nat- 
urally, the cost of performing preventive main- 
tenance on a piece of equipment, including the 
required resource cost, should not exceed the 
cost of corrective action. 

The implementation of preventive mainte- 
nance is actually begun when the equipment 
is received either at the operation area for fixed 
sites or by the operating personnel for mobile 
field units. Upon receipt of the equipment, the 
scheduling function of the unit should incor- 
porate the periodic maintenance requirements 
into the master schedule, and the maintenance 
personnel should perform the first increment 
of the maintenance. Performance of this main- 
tenance should be in accordance with prescribed 
procedures to insure that the instructions are 
complete and accurate, and that all specified 
materials, tools, and test equipment are avail- 
able and adequate to perform the task. Equip- 
ment not scheduled for use in the immediate 
future may be put into administrative storage, 

which is essentially a type of preservation with 
relaxed periodic preventive maintenance re- 
quirements. In some cases, duplicate items 
must be furnished for equipment that is essen- 
tial to a continuously operating system, when 
the equipment must be removed from its op- 
erating area for preventive maintenance. This 
is known sometimes as a "changeout" operation. 

Implementation of the preventive mainte- 
nance program is accomplished as prescribed 
in the technical manuals. The manuals contain 
the preventive maintenance procedures and 
schedules for the selected tasks. The manuals 
provide the documentation and sources of the 
criteria, and the user provides the implementa- 
tion force. Assuming that the recommended 
preventive maintenance program reflects an op- 
timum program considering the materiel, op- 
eration, usage, and user environments, the fail- 
ure to implement the program by the user will 
result in degradation of the operational and 
service life of the materiel. If deviations from 
the scheduled program are not reported, reports 
may be analyzed improperly. This could result 
in changes to preventive maintenance schedules 
and tasks to correct equipment problems that 
may have resulted from improper implementa- 
tion of the recommended schedule and not from 
an ineffective, planned maintenance program. 
Problems in scheduling, implementation, or 
changes to the scheduled program should be 
reported by the user, through the proper chan- 
nels, for evaluation. Effective initiation, imple- 
mentation, and reporting will insure optimum 
materiel maintenance management by the com- 
modity commands. 

7-2.3.3   Planning of the Preventive Maintenance 
Program 

The planning of an effective, scheduled 
maintenance program consists of the identifica- 
tion, scheduling, and determination of tasks and 
facility requirements for the preventive main- 
tenance actions. The steps involved in this plan- 
ning effort are the following: 

a.  Compile data: 

Obtain as much of the following data as 
possible. 

(1) Engineering drawings 
(2) Part list/repair part list 
(3) Repair manuals 
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(4) Failure data 
(5) Preventive maintenance tasks and 

frequencies presently required for present 
equipment 

(6) Maintenance philosophy of equip- 
ment 

(7) Operational environment. 
b. Prepare a generation breakdown: 

A generation breakdown is the classifica- 
tion of a system into incremental hardware lev- 
els. It entails breaking a system into subsys- 
tems, a subsystem into assemblies, the assem- 
blies into subassemblies, and continuing down 
to the lowest hardware level, the piece part. 
The generation breakdown would be prepared 
by listing, from the system part list, all of the 
subsystems and parts called out on the engi- 
neering drawings. The engineering drawings of 
the subsystems would then be used to list each 
of its assemblies and parts. This process would 
be followed down to each piece part. 

c. Determine mean time between failures 
for the items on the generation breakdown: Pre- 
dict the frequency of failure for the item if 
preventive maintenance were not performed. 

d. Determine the generation breakdown 
items that are repairable and/or replaceable: 
Use the maintenance philosophy to determine 
those items that are not to be repaired. If the 
nonrepairable items are assemblies, all of the 
parts will be considered nonrepairable and 
nonreplaceable. If the nonrepairable item is a 
replaceable item, its next higher assembly will 
be considered repairable. 

e. Determine the criticality of all repair- 
able/replaceable items to overall equipment op- 
eration: Without actual failure effect data, the 
criticality of an item to overall equipment op- 
eration must be based on engineering judgment 
and system analysis. Generally, those items 
that are not in a series path are not deemed 
critical. Those items that are not considered 
critical should be removed from consideration 
unless replacement cost is considered high. 

/ Determine average operating cycle of 
the equipment per day: The operating cycle is 
the amount of time, in hours, that the equip- 
ment operates in one day. The average oper- 
ating cycle h is determined by dividing the 
number of operating days into the total number 

of hours the equipment is predicted to be op- 
erating when placed in service. 

h =■ 

i, 

2 h, 
i 

d, 
'(7-1) 

where 

h = average operating cycle per day ex- 
pressed in hours per day 

hi  = number of operating hours in day i 
dt   = total number of operating days 

For example, if the number of operating 
days is 280, and the total hours of operation 
is 2716 hr, the average operating cycle per day 
is 

2716 

280 
9.7 hr/day. 

g. Determine, for each replace- 
able/repairable part, all of the possible pre- 
ventive maintenance tasks that can be per- 
formed: From the basic preventive maintenance 
tasks, identify all possible tasks that may be 
applicable. This is accomplished by analyzing 
the equipment or its engineering drawings to 
determine the location of an item, its 
accessibility, its operating condition, etc. From 
this inspection, the tasks which possibly may 
be performed can be identified. After the tasks 
are identified, define the specific preventive 
maintenance actions that are to be performed. 
For example, if the general task of "clean" is 
determined to be applicable, the exact main- 
tenance actions that entail the cleaning of the 
evaluated part must be stated; i.e., using alcohol 
and brush, remove all excess dirt from the 
chassis. 

h. Determine possible causes of failure to 
the repairable/replaceable item: Without actual 
failure effect data, determination of failure 
causes must be based on analysis of the design 
and tolerance specifications of the item to pre- 
dict what may cause a failure. Also, data from 
comparable items can be studied and applied 
to the item for prediction of the cause of fail- 
ure. 
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i. Delete those preventive maintenance 
tasks that are not applicable to reducing pre- 
dicted failure: Determine, from the cause of 
failures predicted in par. h, those tasks which 
do not eliminate or reduce those causes, and 
delete those tasks. 

j. Determine the frequency of preventive 
maintenance tasks to reduce failures: A rule 
of thumb to determine initially the frequency 
of preventive maintenance tasks is to determine 
the mean time between failures (MTBF) and 
perform the identified preventive maintenance 
at one-half that interval. As a rule of thumb, 
MTBF I % is chosen because it allows a tolerance 
for adjusting the part failure frequency to co- 
incide with other part failure frequencies and 
facilitates preventive maintenance scheduling. 

Example: If a bearing without preventive 
maintenance has an MTBF of 100 hr due to 
lack of lubrication, the lubrication frequency 
would be half of that, or 50 hr. 

The MTBF/2 procedure is only a rule of 
thumb for a part. If an assembly is involved 
(assembly has two or more parts), and the as- 
sembly has failures due to a minimum of twQ 
parts, the frequency of preventive maintenance 
must be determined based on the MTBF of each 
part. As an example, consider a switch and 
motor assembly that has failures caused by the 
following: 

(1) Switch contacts (dirt) - 
MTBF = 300 hr 

(2) Bearing (burnout) - 
MTBF = 500 hr 

(3) Brushes (wearout) - 
MTBF = 1600 hr 

By using the MTBF/2 rule of thumb for 
each part, the following frequencies of pre- 
ventive maintenance are obtained: 

(1) Clean switch contacts every 150hr. 
(2) Lubricate bearing every 250 hr. 
(3) Replace brushes every 800 hr. 

These preventive maintenance tasks may 
be  scheduled periodically  by performing the 
tasks in the following manner: 

(1) 150 hr - Clean switch contacts. 
(2) 300 hr — Clean switch contacts; lu- 

bricate bearings. 

(3) 450 hr - Clean switch contacts. 
(4) 600 hr - Clean switch contacts; lu- 

bricate bearings. 
(5) 750 hr - Clean switch contacts. 
(6) 900 hr — Clean switch contacts; lu- 

bricate bearings and replace brushes. 

k. Compare predicted preventive mainte- 
nance tasks and frequencies with the present 
preventive maintenance tasks and frequencies: 
The predicted preventive maintenance tasks and 
frequencies must be compared with the present 
preventive maintenance tasks and frequencies 
eventually to obtain the best preventive main- 
tenance program for the equipment. The guide- 
lines for adding preventive maintenance tasks 
and increasing frequencies are: 

(1) All of the preventive maintenance 
tasks presently in a preventive maintenance 
program, if effective for similar materiel, and 
newly predicted preventive maintenance tasks 
should be included in the modified program. 

(2) When preventive maintenance 
tasks are identical (present compared to pre- 
dicted), the highest frequency of preventive 
maintenance should be used. 

Without accurate data with which to 
analyze the predictions, the guidelines should 
be used to avoid inadvertent omission of nec- 
essary preventive maintenance tasks and fre- 
quencies. Unnecessary tasks and excessive fre- 
quencies can be eliminated subsequently when 
adequate data can be collected and applied. 

I. Schedule recommended preventive main- 
tenance and additions into the preventive main- 
tenance program: General guidelines for sched- 
uling the tasks are: 

(1) During scheduled system shutdown 
for tasks that do not require excessive time. 

(2) During nonoperational status for 
items that would require excessive system 
downtime. 

(3) During equipment operation for 
tasks that are not hazardous and do not require 
system shutdown. 

The tasks were combined so that the 
switch contacts (having the lowest MTBF) are 
cleaned every 150 hr, the bearing is lubricated 
every 300 hr, and the brushes are replaced ev- 
ery 900 hr, i.e., integer multiples of the shortest 
time. 
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m. Initiate data collection for accurate 
assessment of the preventive maintenance pro- 
gram: The data sufficient for assessing the ef- 
fectiveness and economy of a preventive main- 
tenance program and making indicated changes 
are, but are not limited to: 

(1) Failure history of equipment: 

(a) Total number of failures since 
equipment has been in oper- 
ation 

(5) Items that failed 

(c) Date and time of each failure 

(d) Cause of each failure 

(e) How each failure was dis- 
covered 

(/) Impact of each failure on sys- 
tem operation 

(2) Equipment age: 
(a) Daily operating time of equip- 

ment 

(b) Accumulative total of equip- 
ment operating time 

(c) Equipment installation date. 

(3) Preventive maintenance history: 
('a;Preventive maintenance tasks 

presently performed on equip, 
ment 

(6) Frequency and schedule of 
each task presently performed 

(c) Time to perform each task 

(d) Pay per hour of personnel who 
performed each task 

(e) Tools and test equipment used 
in tasks 

(/) Materials consumed 

(g) Items replaced. 

(4) Corrective maintenance history: 
(a)Repair times for each failure 

(b) Date and time equipment was 
returned to operation 

(c) Tools and test equipment used 
at each failure 

(d) Materials used in corrective 
maintenance 

(e) Parts replaced 

if) Pay per hour of personnel re- 
quired to perform corrective 
maintenance for each failure. 

(5) cost: 
(a)Cost of materials consumed in 

preventive maintenance and 
corrective maintenance 

(b) Cost of parts replaced during 
preventive maintenance 

(c) Cost of repair parts during 
corrective maintenance 

(d) Cost of tools and test equip- 
ment required for preventive 
maintenance 

(e) Cost of tools and test equip- 
ment required for corrective 
maintenance 

(/) Cost of labor for preventive 
maintenance 

(g) Cost of labor for corrective 
maintenance. 

Inspection is an important and prevalent 
element of preventive maintenance. Practically 
all of the elements of operational materiel are 
subjected to some degree of inspection at some 
time during their service life, and many are 
subject to periodic inspections to insure their 
serviceability. The inspections are conducted for 
one or more of the following conditions: dete- 
rioration, wear, damage, or completeness. 

Complex systems, those with a diversity 
of equipment, and those which require frequent 
and varying preventive maintenance tasks re- 
quire the use of a checklist to formalize and 
control the inspection process. The checklist 
provides a medium to insure that the recom- 
mended checks and services are performed and 
provides a source of data for evaluation of the 
preventive maintenance program. In principle, 
the checklist itemizes all of the points to be 
checked on any one piece or type of equipment. 
It is actually the primary control for inspection 
details and should indicate whether the con- 
dition of the equipment was satisfactory or un- 
satisfactory. If unsatisfactory, the specific con- 
dition and its cause should be described in 
detail, along with the action taken or recom- 
mended to correct it. For inspections to be ef- 
fective, the completed checklists should be for- 
warded to a centralized agency for compilation 
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into a cumulative inspection record and 
analysis. The analysis may indicate a need for 
a more comprehensive corrective action or an 
adjustment in the frequency of inspection. 

A typical checklist for materiel preventive 
maintenance is contained in Table 7-1. The table 
is a tabulated listing of recommended organi- 
zational preventive maintenance checks and 
services the operator is to perform on a gen- 
erator set. The item number reflects the rec- 
ommended sequence for performing the tasks, 
and the references refer to the applicable lu- 
brication orders (LO's) and technical manuals 
containing information related to the tasks. 

Checklists may not be necessary to insure 
the accomplishment and control of preventive 
maintenance on systems with minimum pre- 
ventive maintenance requirements. Logs or 
record books and technical manuals normally 
provide sufficient documentation on such sys- 
tems. 

7-2.4  CORRECTIVE MAINTENANCE 

Corrective maintenance is defined as the 
remedial action performed, as the result of a 
failure or as the result of discrepancies found 
during preventive maintenance, to restore a sys- 
tem or an item to operational or serviceable 
condition. 

Corrective maintenance is normally an un- 
scheduled maintenance action, consisting 
basically of unpredictable maintenance require- 
ments that cannot be preplanned or pro- 
grammed on a specific time occurrence basis, 
but which requires prompt attention and must 
be added, integrated with, or substituted for 
previously scheduled workloads. This includes 
compliance with "immediate action" field 
changes, correction of discrepancies discovered 
during operation of equipment, and perform- 
ance of repairs as a result of accidents or in- 
cidents. Work that necessitates special interme- 
diate or depot level scheduling is also classed 
as unscheduled maintenance. 

Downtime for a system is comprised of 
modification, delay, and maintenance time. 
Maintenance time consists of both preventive 
and corrective time. Corrective maintenance pa- 
rameters are defined in terms of individual cor- 
rective maintenance task time, mean time to 
repair, median time to repair, and maximum 
time to repair.  The corrective time, combined 

7-16 

with the element of reliability; is a key factor 
in determination of the availability of the sys- 
tem (Ref. Chapter 4). 

Basically, the time factor is a discrete 
measure of the maintainability of a system and 
includes the time for preparation, fault location, 
item obtainment, fault correction, adjustment 
and calibration, checkout time, and cleanup 
time. The task and time composition of a cor- 
rective maintenance action are depicted in Fig. 
7-1. 

The fundamental objectives of mainte- 
nance engineering are: 

a. To insure that new materiel is designed 
for ease and economy of support. 

b. To insure that an adequate economic 
support subsystem is provided in a timely man- 
ner. 

The support afforded to the system is de-' 
pendent on the maintenance resources available, 
but effective design and efficient planning pro- 
vide for the optimum combination of the sup- 
port/performance in terms of cost-effectiveness. 
Operational requirements of the system dictate 
the time requirement to perform the mainte- 
nance function, whether it be preventive or cor- 
rective maintenance. The maintenance engineer- 
ing analysis is a means of reducing the down- 
time of the system by first providing a source 
for identifying and recommending design 
changes, and second, by providing the element 
by which adequate maintenance resources are 
identified to perform the maintenance func- 
tions. 

7-2.4.1   Corrective Maintenance Flow (Ref. 6) 

Fig. 7-2 is a maintenance flow diagram il- 
lustrating the five major sequential steps per-, 
formed during maintenance. These steps are: 

a. Recognition that a malfunction exists 

b. Localization of the defect within the sys- 
tem to a particular equipment 

c. Diagnosis within the equipment of a 
specific defective part, or component 

d. Repair or replacement of the faulty item 

e. Checkout and return of the system to 
the service. 

Repair is the correction of a malfunction 
by applying maintenance services to correct a 
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TABLE 7-1.  PREVENTIVE MAINTENANCE CHECKS AND SERVICES (Ref. 5) 

Interval 

Operator Oiv. 
M— Monthly 
Q—Quarterly 

M 
£55 

Daily 
Item to he inspected 

X 
X 

X 
X 

9. 

10. X 

X 

Oil level gage 
Flow indicator 

Fuel filter 

Fuel can 

Ground terminal 
Ratteries 

Magneto 

Spark plugs 

Generator 

Instruments 

Add oil as indicated by level gage. 
Check flow indicator for condition of 

air cleaner element. 

Clean or replace element if indicator 
shows above,service level and reset 
indicator. 

Tighten thumb nut if gasket is leak- 
ing. Clean weekly. 

Add fuel as required. 
Inspect can and adapter for leaks and 

damage. Tighten loose mountings. 
Replace can or adapter if necessary. 

Check for proper ground. 
T ightcn   loose   cables   and   mountings. 

Remove corrosion. Inspect for cracks 

and leaks. Fill to 3/8 in. above plates. 
Clean vent holes in filler cap before in- 
stalling. Run engine weekly a minimum 
of 1 hr after adding water. 

Replace pitted or burned magneto 
points. Adjust points. Check adjust- 
ment every 500 hr. 

Replace spark plugs that have cracked 
insulator and burned electrodes. 
Clean and set spark plug gaps. 
Torque spark plugs. 

Clean dirt and obstructions from 
blower cover. 

Replace damaged instruments. Tighten 
loose mountings. With the unit op- 
erating, check for proper operation. 

NOTE1. OPERATIONAL TEST. 
During operation observe,  for any unusual 
noise or vihration. 

NOTE 2. ADJUSTMENTS. 
Make   all   necessary    adjustments   during 
operational test. 

NOTE .7. FIRE EXTINCI'ISHER. 
Inspect   for  broken   seal.   Weigh    the   new 
and   fully   charged   fire   extinguisher   and 
enter on inspection record. 

LO. 

TM 5-6115-450-15 

TM 5-6115-450-15 

TM 5-2805-204-14 

TM 5-2805-204-14 

TM 5-6115-450-15 
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specific fault in an item. Replacement involves 
the substitution of a serviceable like part, sub- 
assembly, etc., for an unserviceable counterpart. 
In some materiel, repair and replacement ac- 
tions are followed immediately by alignment or 
calibration actions. Complementary to the 
maintenance steps are actions associated with 
assembly, disassembly, cleaning, lubrication, 
supply, and administrative activity. 

Fig. 7-2 also illustrates two supplementary 
paths: one during which obvious malfunctions 
can be isolated immediately, the other for in- 
stances that require the technician to retrace 
his steps and perform additional analysis. 

To expedite the actions in steps 1 through 
3, the use of automatic fault isolation is an 
effective tool, especially in the case of electronic 
equipment. In other cases, troubleshooting aids 
are used to help maintenance personnel in 
isolating the defective materiel. Table 7-2 is an 
example of a troubleshooting guide used for 
troubleshooting a generator set. The table 
delineates the malfunctions, probable causes, 
and corrective actions (including reference 
documentation). A more detailed type of 
troubleshooting flow diagram is shown in Fig. 
4-5. 

7-2.4.2  Types of Corrective Maintenance (Ref. 7) 

Corrective maintenance is not limited to 
the performance of the function only in the case 
of equipment failure as discussed in par. 7-2.4.1. 
Other maintenance tasks which may be sched- 
uled but also may be considered corrective 
maintenance actions are the functions of over- 
haul, rebuild, salvage, and servicing. These 
functions are defined as follows: 

a. Overhaul. To restore an item to a com- 
pletely serviceable condition as prescribed by 
maintenance serviceability standards, using the 
"inspect and repair only as necessary" tech- 
nique. 

b. Rebuild. To restore an item to a stand- 
ard as nearly as possible to original or new 
condition in appearance, performance, and life 
expectancy. This is accomplished through com- 
plete disassembly, inspection of all parts and 
components, repair and replacement of worn 
and unserviceable elements (items) according to 
original manufacturing tolerances and specifi- 
cations, and subsequent reassembly and test to 
original production requirements. 

c. Salvage. As an element of corrective 
maintenance consists of disposing of materiel 
that is not repairable or usable and the utilizing 
of salvaged materiel, from equipment in itself 
not repairable, in the rebuild, overhaul, or re- 
pair programs. 

d. Servicing. In relation to corrective 
maintenance, servicing may be required as a 
result of the corrective action performed. For 
example, engine repair may result in crankcase 
refill, welding on or adjacent to painted sur- 
faces may result in a requirement to repaint, 
and air bottle replacement may require 
recharge of the system. 

7-2.4.3   Corrective Maintenance Performance 

The corrective maintenance action is per- 
formed in varying degrees at all maintenance 
organizations. Corrective maintenance at the or- 
ganizational level normally is limited to system 
testing, fault isolation, and, usually, removal 
and replacement tasks of modular or plug-in 
units. Detailed repair of the removed items gen- 
erally is assigned to a higher level of main- 
tenance. As discussed in par. 7-2.4.1 the per- 
formance of corrective maintenance, especially 
at the organizational level, frequently is accom- 
plished through fault recognition, localization, 
and diagnosis by automatic means. When these 
functions are performed manually, or the au- 
tomatic procedure fails or is not considered 
feasible, detailed step-by-step procedures nor- 
mally are provided the maintenance technician. 

The prime consideration in the devel- 
opment and planning of the maintenance con- 
cept and maintenance support plan is to insure 
the following: 

a. Minimum downtime of the system 

b. Maximum operational availability 

c. Supportability of the system with min- 
imum impact on maintenance resources and life 
cycle cost. 

Since corrective maintenance is an in- 
fluencing factor for each one of these consid- 
erations, the design and support resources must 
reflect the optimum system configuration which 
reduces the corrective maintenance time and 
the demand on resources, and increases the op- 
erational availability of the system. 
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TABLE 7-2.  TROUBLESHOOTING (Ref. 5 ) 

Malfunction Probable Cause Corrective Action 

1. Generator noisy ] Mounting bolts loose righten mounting bolts 

2. Generator overheats a. 
b. 
c. 

Generator overloaded 
Air passages blocked 
Ventilation inadequate 

a. 
b. 
c. 

Reduce load 
Clean air passages 
Provide adequate ventilation 

3. Generator fails to build up 
rated voltage 

a. 

b. 

Residual field magnetism 
low 
Engine speed low 

a. 

b. 

Flash field (par. 2-12)* 

Refer to TM 5-2805-204-14 

4. Generator fails to supply 
power 

a. 
b. 

Load cable defective 
Main circuit breaker 
defective 

a. 
b. 

Repair or replace load cable 
Replace circuit breaker 
(par. 3-44)* 

5. Generator voltage fluctuates a. 
b. 

Generator overloaded 
Engine speed fluctuates 

a. 
b. 

Reduce load 
Refer to TM 5-2805-204-14 

6. Generator frequency drops 
under load 

Engine lacks power ] *efer to TM 5-2805-204-14 

7. Generator voltage drops when 
load is applied or increased 

a. 
b. 

Generator overloaded 
Engine speed 

a. 
b. 

Reduce load 
Refer to TM 5-2805-204-14 

8.   Voltmeter indication too high 
or too low 

a. Rheostat defective 
b. Voltmeter defective 
c. Engine speed incorrect 
d. Applied load not properly 

balanced across phases 

a. Replace rheostat (par. 3-40)* 
b. Replace voltmeter (par. 3-37)* 
c. Refer to TM 5-2805-204-14 
d. Distribute load properly 

9.  Voltmeter fails to register a. Loose wire connections 
b. Voltmeter defective 

a. Tighten connections 
b. Replace voltmeter (par. 3-37)* 

10. Frequency meter fails to 
register 

a. Loose wire connections 

b. Frequency meter defective 

a. Tighten connections (par. 
3-37)* 

b. Replace meter (par. 3-37)* 

*TM 5-6115-450-15 

7-2.5   EQUIPMENT MODIFICATIONS 

Equipment alterations, particularly modi- 
fications, frequently generate a requirement for 
the expenditure of significant quantities of 
maintenance resources during a materiel life 
cycle. A maintenance engineering function is 
to assist in insuring that these resources are 
expended in a cost-effective manner. 

7-2.5.1   Modifications 

Within the Army, the term "alteration" is 
applied to any change made to materiel after 
the materiel has been entered into the Army 
inventory. A  modification   is described  as  an 

alteration that is permanent in nature and 
made on an item that is type classified as 
Standard (STD) or Limited Procurement (LP). 

A standard item is an item/system of 
materiel which is determined to be acceptable 
for the mission intended and acceptable for in- 
troduction into the inventory. This designation 
includes items which have been or are being 
replaced by new STD items and which are still 
acceptable for the intended mission. 

A limited procurement item is an item of 
materiel required for testing or other special 
use where a specified small quantity will be 
procured  without further intent of additional 
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procurement of the item under this classifica- 
tion. Each procurement under this classification 
will be justified and authorized separately. 
Items designated for limited procurement type 
classification are those which initially do not 
qualify for adoption as STD, but are required 
for one of the following purposes: 

a. To meet urgent operational require- 
ments which cannot be satisfied by a standard 
item 

b. To test specified quantities of materiel 
prior to type classification STD 

c. To maintain low rate initial production 
for a specified period of time 

d. To maintain an established production 
line at the most economical or minimum sus- 
taining rate during the period between final de- 
livery of test models and the scheduled delivery 
of the first STD production model 

e. Other special uses approved by HQDA. 

Maintenance activities commonly referred 
to as retrofit, conversion, remanufacture, or de- 
sign change are classified as modifications. In- 
line production changes, minor changes, and 
special-purpose equipment (winterization kits, 
fording kits, and ballistic antitank kits), which 
enable an item either to perform a specific mis- 
sion or to meet a specific climatic or geograph- 
ical condition, are not classified as modi- 
fications (Ref. 1). 

Modifications should be limited to those 
that are necessary or will provide significant 
benefits for the-costs incurred. Proposals for 
alterations that would result i"n marginal im- 
provements or nonessential "nice to have" fea- 
tures should not be approved as modifications 
(Ref. 9). 

Modifications are authorized by publication 
of a Department of Army Modification Work 
Order (MWO), or by appropriate instructions in 
a Depot Maintenance Work Requirement 
(DMWR) and contract work statements. The ap- 
plication of approved modifications is man- 
datory. The criteria for modification of equip- 
ment are: 

a. Assure safety of personnel. 

b. Prevent serious damage to equipment. 
c. Eliminate risk of communication securi- 

ty or cryptologic compromise. 

d. Insure compatibility with other inter- 
facing equipment and its operator and main- 
tenance personnel. 

e. Significantly increase combat or oper- 
ational effectiveness or significantly reduce re- 
quirements for logistic support. 

Proposed modifications will be subjected to 
appropriate testing prior to consideration by the 
approving agency. This testing also will include 
the trial application of prototype modification 
kits prior to the publication of modification 
work orders (MWO's) or preparation of Depot 
Maintenance Work Requirements (DMWR's) 
and contract work statements authorizing the 
mass accomplishment of approved modi- 
fications. 

MWO's will be prepared and published to 
authorize the accomplishment of all approved 
modifications except those which are to be ap- 
plied only by a contractor or depot maintenance 
facility. Such modifications will be assigned 
MWO numbers, but will not be published as 
MWO's. Instead, the instructions for their ac- 
complishment will be included in DMWR's or 
contract work statements, as appropriate. 

Actions to rescind MWO's will be initiated 
by the responsible Sponsoring agency when: 

a. MWO accomplishment reports (DA 
Form 2407) and other information/data sources 
indicate that the known densities of materiel 
in possession of using units and supply and 
maintenance activities at all levels, other than 
prepositioned stocks, have been modified. Mod- 
ification kits will be obtained and retained by 
commands having prepositioned war reserve 
stock until such materiel has been modified. 

b. Army materiel program changes in- 
dicate that continued accomplishment of an 
MWO is no longer justified. 

c. It has been determined that an MWO 
is not accomplishing its purpose fully and will 
be superseded by another MWO. 

d. The time compliance period has expired 
and there is adequate evidence that equipment 
is performing satisfactorily without the mod- 
ification. In this case, the sponsoring agency 
is responsible for insuring compatibility of re- 
pair parts, publications, and training with all 
end item configurations in the field. 
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When an MWO is rescinded: 

a. Modification kits will be removed from 
the supply system, and the responsible sponsor- 
ing agency will issue disposition instructions for 
the kits to the field. 

b. Technical changes in the characteristics 
of materiel resulting from the MWO application 
and changes in repair part authorization occa- 
sioned by the MWO will have been incorporated 
in the applicable equipment manuals. This will 
constitute continuing authority for the retention 
of the equipment in its modified configuration 
(Ref. 9). 

7-2.5.1.1   Classification of Modifications (Ref. 9) 

Modifications are classified as either 
URGENT, LIMITED URGENT, or NORMAL. 

The classification URGENT is assigned to 
a modification when the condition it is intended 
to correct is such that the equipment must not 
be operated until the modification has been 
made. A modification is classified as LIMITED 
URGENT when the equipment may continue to 
be operated for a limited period of time-not 
to exceed 120 days-provided that specified cau- 
tions are observed. A modification is classified 
as NORMAL when it does not meet the require- 
ments of URGENT or LIMITED URGENT. In 
the NORMAL classification, materiel is not ren- 
dered inoperable before the MWO is applied. 
In all cases, materiel in stock will not be issued 
until the modification has been applied. 

7-2.5. / .2  €valuation of Modifications (Ref. 9) 

The approval of a proposed modification 
is preceded and supported by a thorough eval- 
uation of its total costs and impact on all af- 
fected functional areas. This evaluation is docu- 
mented to include a stipulation of the primary 
criterion on which the proposal is based. To 
warrant approval of the proposed modification, 
this evaluation must demonstrate clearly that 
the need for the modification is fully justified, 
and the benefits to be derived override consid- 
erations of the costs to be incurred. 

When the total costs of a proposed NOR- 
MAL modification exceed twice the annual costs 
of replacing or repairing materiel that becomes 
damaged because it has not been modified, the 
proposed modification is not approved. 

The costs to be considered in computing 
the total costs of the proposed modification in- 
clude those for the following: 

a. Research, design engineering, devel- 
opment, testing, and procurement of modi- 
fication kits 

b. Application of the modification to eligi- 
ble materiel 

c. New parts, new or modified tools, and 
test, measurement, and diagnostic equipment 

d. Revisions to publications 

e. Inventory losses resulting from parts 
and modification kits to be made obsolete by 
proposed modification 

/ Storage, transportation, training, and 
other applicable services. 

The evaluation of proposed modifications 
include but are not limited to consideration of 
the following: 

a. The criteria for modifications 

b. The classification of modifications 

c. An economic analysis conducted for 
proposed NORMAL modifications, which should 
identify funding requirements by budget pro- 
gram and fiscal year, and purpose 

d. Man-hours required to accomplish the 
proposed modification. When the modification 
is to be applied by activities below depot level 
and the workload appears to exceed the capacity 
of a typical field activity to accomplish in ad- 
dition to its normal maintenance mission, con- 
sideration will be given to accomplishing the 
modification by special teams, or providing oth- 
er assistance from/by the proponent National 
Maintenance Point 

e. Life expectancy, or the length of time 
the items to be modified are expected to remain 
in the inventory 

/ Type classification of materiel to be 
modified 

g. Support requirements: e.g., repair parts, 
special tools and test equipment, technical data 
and publications, and training and retraining 
needed to support the modified items 

h. Lead time required to procure and test 
prototype modification kits, procure and dis- 
tribute  modification   kits,   and   apply  the 
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proposed modification in relation to the remain- 
ing life expectancy of the materiel to be mod- 
ified 

i. Downtime, or the average time in days 
that the equipment to be modified will not be 
available due to the application of the proposed 
modification. 

7-2.5.1.3 Development of Modifications 

Maintenance engineering activities of 
sponsoring agencies direct the development of 
proposed modifications based upon analysis of 
equipment performance data and/or equipment 
improvement recommendations. They conduct 
required studies incident to the proposed mod- 
ification of the equipment and prescribe the 
technical requirements for accomplishing the 
modification. Tools, test and handling equip- 
ment, publications, repair parts, etc., must be 
modified on a schedule that precludes degrada- 
tion of maintenance support to the modified end 
items. 

Modifications of any classification are de- 
veloped for the following: 

a. Materiel type classified as Standard or 
Limited Procurement 

b. Materiel type classified as Contingency 
and Training when used exclusively for training 

c. Materiel which assumes the type 
classification of the end item or assembly in 
which it is used 

d. Accessory-type materiel not authorized 
to be type classified. 

Modifications normally are not developed 
for nontype-classified materiel and for materiel 
with less than 3 yr remaining in its pro- 
grammed service life. However, URGENT mod- 
ifications may be developed for any materiel 
when the materiel is required for an operational 
mission and an improved replacement cannot 
be delivered within the required time period. 

Modifications to be applied by direct sup- 
port activities are developed to permit appli- 
cation, to the maximum extent practicable, by 
the replacement of easy-to-remove/install mod- 
ules (component/assemblies). Modifications re- 
quiring the disassembly of modules and the re- 
placement of interior piece parts normally are 
allocated for performance at general support or 
depot maintenance activities, or by special mod- 
ification teams in field locations. 

7-2.5.1.4   Quantitative Requirements (Ref. 9) 

The responsible national inventory control 
point determines the quantities of kits, com- 
ponents, or parts required to be procured in 
support of the modification. The total quanti- 
tative requirements provide a base line for kit 
procurement, control, accomplishment, and 
follow-on support. The responsible commodity 
manager initiates procurement of modification 
kits, but procurement is not to be initiated until 
testing is completed and approved. 

The development of kit quantities to sup- 
port an economical one-time buy is developed 
in the cost study, with necessary updating 
based on the following: time interval between 
approval of modification and initiation of pro- 
curement action; solicitation and confirmation 
of total Department of the Army density of 
end items, assemblies, components, or parts re- 
quiring modification; and requirements for spe- 
cial tools, markings, and test equipment re- 
quired for installation of the modification. 
Strict consideration must be given to washout 
factors, firing or operational schedules, stock 
position of serviceable and unserviceable assets, 
and rebuild requirements. 

7-2.5.1.5 Application (Ref. 9) 

As previously stated, MWO's may be ap- 
plied by modification teams, depots, or support 
maintenance activities. Many factors enter into 
determining the activity that will apply the 
MWO. Among these are qualitative and quan- 
titative skill, tool, test equipment, time, and 
cost requirements, and the classification of the 
modification. Normally, modification teams 
should be used for complex, time-consuming 
modifications that can be accomplished in the 
field, depots should be used for similar mod- 
ifications that cannot be accomplished in the 
field, and support maintenance should be used 
for other modifications, since this is normally 
the most enonomical approach. 

When a modification team is used, the Na- 
tional Maintenance Point will: 

a. Furnish modification teams for appli- 
cation of MWO's and coordinate through com- 
mand channels with the commands concerned 
to establish a mutually agreeable program for 
application of the modifications. This program 
will provide the following: 

(1) A schedule for application 
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(2) Personnel and skills required 
(3) Administrative support 
(4) Logistic support 
(5) Transportation requirements 
(6) Tools and test, measurement, and 

diagnostic equipment 
(7) Quantity, location, and availability 

of materiel to be modified 
(8) Work facilities 
(9) Exchange or rotation of assets 

(10)  Security  (for materiel,  personnel, 
etc.). 

b. Insure that the modification teams are 
capable of accomplishing the following services, 
as required: 

(1) Application of modification work 
orders to all serviceable and locally repairable 
unserviceable materiel 

(2) Performance of operational check- 
outs of the modified materiel in accordance 
with the modification work order instructions 

(3) Acceptance by the team chief of 
the modification (a commodity oriented Govern- 
ment inspector normally will accomplish this 
service), insure recording and initiation of mod- 
ification work order application reports, and 
provide the supported command with such re- 
ports as may be required by that command. 

c. Insure that all technical requirements 
are included or referenced in depot work in- 
structions to support all materiel processed 
through depot maintenance. 

When support maintenance is used to ap- 
ply MWO's, the major Commander must insure 
that planning analogous to that described for 
the modification team program is accomplished. 
Availability of kits and technical documen- 
tation, the capability to operate and support two 
materiel configurations while the MWO is being 
applied, and the capability of the maintenance 
activity to accomplish normal maintenance and 
MWO maintenance without adversely affecting 
operational availability are among the factors 
that must be given careful consideration. 

7-2.5.2  Other Alterations (Ref. 9) 

a. Special Mission Alterations of Materiel 
Other Than Aircraft. Requests for approval of 
special mission alteration of materiel will be 
submitted through proper channels. 

Such requests for the temporary alteration 
of other materiel will be submitted through 
channels to the major Army commander for 
approval, with an information copy furnished 
to the responsible AMC commodity manager. 

Approved special mission alterations must 
comply with the requirements for safety of per- 
sonnel and materiel. 

Upon completion of the special mission, 
the original configuration of the materiel will 
be restored, if possible. Funding for alteration, 
support, and restoration will be the respon- 
sibility of the command which established the 
requirement for the alteration. 

When a proposed special mission alteration 
of AMC managed materiel is considered to be 
permanent in nature, the approval authority 
will be the responsible AMC commodity man- 
ager, and the approval document will specify 
funding responsibilities for the alteration and 
disposition instructions for the item(s) modified 
following completion of the special mission. 

b. Special-purpose Alteration of Materiel 
Other Than Aircraft. Alterations that have a 
limited application to meet climatic, geographic, 
or equipment interface conditions will not be 
identified or issued as a modification work 
order. Such special-purpose alterations usually 
are identified as winterization kits, tiedown 
kits, radio-TV frequency interference shielding, 
telemetry kits, and similar items, and are au- 
thorized in the equipment publications for the 
item. When authorized, these changes will be 
supported by the issue of parts or kits through 
normal supply channels. Instructions for appli- 
cation, operation, maintenance, removal, or dis- 
position of these kits will be included in the 
equipment publications for the item. 

c. Special Mission Alteration of Aircraft. 
Requests for temporary alteration of type 
classified Army aircraft to satisfy the require- 
ment for a "one-time" special mission (excluding 
materiel tests) will be forwarded through com- 
mand channels to the U S Army Aviation Sys- 
tems Command (AVSCOM), for approval. 
Such requests will include description, draw- 
ings, and justification, and should be submitted 
so as to reach AVSCOM 180 days (if pos- 
sible) prior to the date the reconfigured equip- 
ment is required. As a prerequisite to approval, 
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an engineering analysis of the proposed change 
will be performed by     AVSCOM to deter- 
mine engineering feasibility of the proposed 
change and to preclude, adverse effects on 
equipment reliability or personnel safety. A 
positive "safety-of-flight certification" must be 
provided   by        AVSCOM upon   accom- 
plishment of approved alterations. Upon 
completion of the special mission, the user will 
advise AVSCOM of the estimated cost to 
return the materiel to its original standard con- 
figuration, if possible, and request guidance and 
disposition instructions. Funding for the total 
alteration (parts acquisition, installation, main- 
tenance, removal, etc.) will be the responsibility 
of the requesting command. 

d. Special-purpose Alteration of Aircraft. 
Normally, alterations that have a limited ap- 
plication to enable an item to meet some spe- 
cific climatic or geographic condition will not 
be identified or issued as an MWO. However, 
when the design of a special-purpose alteration 
requires the incorporation of permanent pro- 
visions to facilitate the installation of special- 
purpose kit or equipment-e.g., the structure 
must be changed to accept armor plate, pods, 
or similar items —an MWO will be prepared to 
incorporate these provisions on the aircraft. 
When authorized, these changes will be sup- 
ported by issue of parts or kits through normal 
supply channels. Instructions for application, 
removal, or disposition of such kits or materiel 
will be included in the applicable technical 
publications. 

e. Minor Alterations. To qualify as a mi- 
nor alteration, a proposed change must not: 

(1) Require more than 2 man-hours to 
accomplish 

(2) Require parts, assemblies, compo- 
nents, tools, fixtures, equipment, or skills 
beyond those authorized the category of main- 
tenance performing the alteration 

(3) Require mandatory reporting and 
recording except as a routine maintenance ac- 
tion (Exceptions require individual approval.j 

(4) Cause rejection or rework of assets 
processed or being processed for delivery to U.S. 
Armed Forces or to foreign governments. 

Such alterations may be authorized by the 
national level materiel manager concerned in 
the Equipment Improvement Report and Main- 

tenance Digest Technical Bulletin and included 
in the applicable technical manual(s). Complete 
clarification and identification of change will 
be reflected in program work directives or sup- 
porting technical data provided to depots or 
contractors for the overhaul, rebuild, or 
remanufacture of the item or system concerned. 

/. Recording and Reporting Special Mis- 
sion, Special-purpose, and Minor Alterations. 
Minor alterations, special mission alterations, 
and special-purpose alterations will be recorded 
and reported as routine maintenance actions 
unless special reporting instructions are includ- 
ed in the document or equipment publication 
which authorizes the alteration. 

7-3 CONTRACT MAINTENANCE 
(Refs.  1 and 9) 

Contract maintenance is the maintenance 
performed under contract by commercial orga- 
nizations on a one-time or continuing basis 
without distinction as to the category of main- 
tenance. The types of maintenance include mod- 
ification, modernization, rebuild, overhaul, re- 
pair, or servicing of materiel. Contract main- 
tenance provides an effective means for 
augmenting the resources of the Army in ac- 
complishing its maintenance mission. Its prin- 
cipal applications are in the following areas: 

a. For the accomplishment of depot main- 
tenance requirements that exceed the military 
capability and capacity retained to support mis- 
sion essential materiel when such requirements 
can be satisfied in a cost-effective manner. 

b. For the accomplishment of organiza- 
tional, direct support, general support, and 
depot maintenance requirements in support of 
commercial equipment and nontactical (e.g., ad- 
ministrative) elements when military control 
and performance of such work are not required 
for military effectiveness, personnel training, or 
rotation and career development of Army per- 
sonnel. 

c. For the temporary performance of or- 
ganizational, direct, and general support main- 
tenance- of materiel pending the attainment of 
an organic capability or to accommodate peak 
workloads of a transitory nature. 

d. When required for an interim period to 
attain an earlier operational status for new mil- 
itary materiel. 

7-25 



AMCP  70G-132 

e. For accomplishment of analytical over- 
haul or modification of new military materiel 
entering the inventory, or when the extent or 
complexity of the modification or modernization 
work to be accomplished requires the technical 
qualifications of the original manufacturer of 
the materiel. 

7-3.1   CONTRACT MAINTENANCE PHASES 

Contract maintenance consists of two 
phases. The first phase is that maintenance pro- 
vided by the development contractor during the 
predeployment or preissue period, when the 
materiel is undergoing the devel- 
opment/operational tests. Some degree of re- 
cycling of equipment usually results from these 
activities. It is essential, during the first phase, 
that any requirement for contract maintenance 
be clearly set forth in the development Request 
for Proposal. 

In the second phase, contract maintenance 
must be planned for all nonmission essential 
items requiring depot maintenance. Mainte- 
nance of mission essential items generally is 
authorized only for in-house (Army) depot 
maintenance. As previously noted, the second 
phase of contract maintenance follows the issue 
0f equipment an(i a]so may be used in lieu of 
or in augmentation of Army depot maintenance. 
In this second phase, contract maintenance pro- 
vides an alternate means, at the disposal of the 
support manager, for augmenting the existing 
maintenance capability. The second phase of 
contract maintenance also includes the main- 
tenance, rebuild, overhaul, repair, modification, 
modernization, or servicing of equipment or 
materiel, performed under contract by the orig- 
inal manufacturers, or by commercial con- 
tractors, on a one-time or continuing basis. It 
provides a supplementary capability for main- 
tenance of military and commercial types of 
materiel, when the workload requires man- 
hours beyond those available at Government fa- 
cilities, or when no Government facilities are 
available in the vicinity of the end items to 
be overhauled. Services may be performed by 
commercial organizations, including the original 
manufacturers, without distinction as to the 
level of maintenance. 

7-3.2  ADVANTAGES AND DISADVANTAGES 

Contract maintenance may be used for 
either new or used equipment. When properly 
used, it provides multiple advantages such as: 

a. Releasing military maintenance capabil- 
ity and facilities for more essential work 

b. Reducing the requirement for in- 
vestment in facilities, equipment, and training 
of maintenance personnel 

c. Providing flexibility in maintenance pro- 
grams 

d. Resulting in new benefits to the Gov- 
ernment without compromising basic military 
mission requirements 

e. Augmenting depot overhaul programs 
beyond available skills and facilities. 

Some disadvantages are associated with 
contract maintenance. The principal dis- 
advantages are: 

a. Its use could prevent the timely attain- 
ment of the required military maintenance 
capability. 

b. It could result in uneconomical  use of 

existing facilities which, because of other re" 
quirements' must be retained. 

c. Under exceptional circumstances, unac- 
ceptable security risks could be incurred by its 
use. 

7-3.3   DECISIONS 

Contract maintenance must be planned 
and executed carefully if it is to provide the 
Government with the greatest net cost benefits 
without compromising basic military mission 
requirements. The decision to use contract 
maintenance should be made only after care- 
fully considering information furnished by sup- 
port development personnel who are assigned 
to the development project. Some factors to be 
considered should include but need not be lim- 
ited to: 

a. The economics involved 

b. Workload involved 

c. Availability of test, measurement, and 
diagnostic equipment, if required, in Govern- 
ment direct support units, general support 
units, or depots 
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d. Personnel and skills available 

e. Tables of organization and equipment 
units which will use the equipment 

/ Level of maintenance required to repair 
the equipment 

g. Requirement for spare tools (availability 
of tools) 

h.  Quantity of end items procured 

/'. Modification programs which cause an 
increased workload 

j. Impact on military organic capability 
for support of mission essential equipment. 

Another facet of the contract maintenance 
decision concerns the required intensity of depot 
contract maintenance. The support developer 
considers the minimum required effort for sup- 
port of the depot mission and develops or re- 
tains only that depot level maintenance capa- 
bility which is essential. Materiel that will re- 
quire continuing depot level contract mainte- 
nance to sustain operations under emergency 
or wartime conditions, in addition to insuring 
operational readiness during peacetime, is also 
evaluated. Depot maintenance shop facilities 
that should be developed or retained as part 
of contract maintenance must be adequate to 
meet emergency or wartime requirements when 
used on a multishift basis (up to 120 hr per 
week). The minimum peacetime capability to 
be retained is determined by the establishment 
of a level of manning effort to use the retained 
shop capacity on a single-shift (40 hr per week) 
basis. 

The part the Government will play in con- 
tract maintenance is also an important facet 
of the contract maintenance decision. Informa- 
tion developed during the various phases will 
aid the support developer in determining wheth- 
er he will use Government resources or 
negotiate a maintenance contract. Prior to the 
awarding of any contract, a pre-award survey 
must be made to determine if the contractor 
has the proper tools, facilities, skills, and test 
and calibration equipment to perform the serv- 
ices required. The Government may, upon the 
basis of certain conditions, furnish repair parts, 
components, and assemblies, or it may require 
the contractor to furnish all necessary supplies 
and support for the overhaul of the items or 
systems. It may be desirable to require the con- 

tractor to furnish technical assistance to the 
field. This would depend upon the ability of 
the Government to supply trained technicians 
or engineers when required. 

Although the contract maintenance 
decision usually is concerned with depot level 
activities, it also has application to the accom- 
plishment of organizational maintenance for 
Army in-the-field using activities. When used 
for this purpose, it normally will be accom- 
plished at the equipment operating site, under 
military control, and used to augment, not re- 
place, military capability. 

7-3.4  SPECIFICATIONS, REQUIREMENTS, AND 
DATA 

Once the decision has been reached to use 
contract maintenance, it is necessary to develop 
work statements and specifications for con- 
tractor guidance. Contracts for maintenance 
support should incorporate, by reference, nec- 
essary work specifications to insure that the 
support requested is provided in an effective 
and efficient manner. These specifications 
should be prepared by maintenance functional, 
not procurement or contracting officer, person- 
nel. 

Work statements and specifications should 
be developed in a manner that will provide max- 
imum latitude, to prospective contractors in 
determining the mix of labor and materiel, in- 
cluding Government furnished materiel, they 
will need to produce a quality product at the 
least total cost to the Government. 

Work statements should require that the 
support contracted for be provided in measur- 
able end items; i.e., specific products or main- 
tenance services, not just labor expressed in 
man-hours or personnel equivalents. 

Work specifications included in mainte- 
nance contracts should include a specific time 
frame or production schedule within which the 
contractor will be required to accomplish the 
work. 

In addition to the preceding general re- 
quirements, the following specific information 
and data should be furnished the contracting 
officer: 

a. Specific identification and location of 
equipment and/or items to be processed 
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b. Quantitative input and output schedules 
and priorities for accomplishment of the work- 
load^) 

c. Specific technical instructions for the 
work to be accomplished. (When applicable, 
technical instructions for preservation and 
packing of processed equipment and/or items 
for shipment should be included.) 

d. Inspection and test procedures and out- 
put standards for completed work 

e. A repair part list associated with the 
equipment or item(s) to be overhauled or re- 
paired. (Such lists will include repair part re- 
placement factor data, when available, and 
itemized standard pricing information.) 

/ Special instructions for part rework 
and/or component repair or replacement when 
applicable 

g. Disposition instructions for repairable 
parts and/or components 

h. Management information reporting re- 
quirements, including frequency intervals 

i Tentative disposition schedule of com- 
pleted equipment and/or items 

j. The proper financing appropriation, ap- 
propriate budget program, and applicable ac- 
tivity account to which all elements of cost will 
be charged. 

Finally, cost forecasts should be developed 
and included with all equipment maintenance 
work requirements submitted to contracting of- 
ficers for accomplishment by contract. These 
forecasts should be based on the most recent 
costs actually incurred in the accomplishment 
of like or similar work either by organic or 
contract sources. They should include elements 
such as: 

a. Total labor and materiel (Government- 
and contractor-furnished) cost 

b. All appropriate overhead and adminis- 
trative expenses 

c. Any other appropriate costs. 

7-3.5   CONTRACT MAINTENANCE USAGE 

The following are typical examples of prop- 
er contract maintenance usage: 

a. Real Property Installed Equipment. 
This equipment usually is associated with fixed 

installations and includes equipment such as 
motor generator sets, furnaces, air conditioners, 
and power distribution equipment. Generally, 
these are commercially designed items and, in 
many cases, are one of a kind. Local com- 
mercial repair shops and vendors are available 
to repair equipment failures that are beyond 
the capability of base maintenance operations. 

b. Tactical Deployed Equipment. Complex, 
high-performance missile and ground equip- 
ment, such as that used by a field artillery 
battalion, requires considerable modification to 
keep the system current with the state of the 
art. In many cases, the hardware is deployed 
outside CONUS and it is uneconomical to return 
the equipment to a depot for modification in- 
stallation. In this case, a contract for modi- 
fication services with the development con- 
tractor definitely would be in the Government's 
best interest. 

c. Contractor Special Manufacturing Tech- 
niques. There are occasions when the Army 
Depot simply cannot duplicate the original man- 
ufacturer's process. This is especially true in 
those areas generally regarded as high tech- 
nology. This is true even though the Govern- 
ment has purchased full-range documentation 
as a part of the development or production con- 
tracts. In this case, contract maintenance is 
much more logical and cost effective than at- 
tempting to establish an organic capability 
within the Army Depot system, especially in 
the case of equipment with low inventory densi- 

ty. 
7-3.6  PLANNING 

Planning for contract maintenance must 
encompass the conceptual, validation, full-scale 
development, and production and deployment 
phases. When used, contract maintenance sup- 
port should be planned and used in a manner 
which will provide maximum effectiveness 
under emergency or wartime conditions, par- 
ticularly when the contract involved is a long- 
term or continuing type. 

If used for the support of new equipment, 
contract maintenance should be planned well 
in advance of the introduction of the equipment 
into the operational inventory. This is necessary 
in order to obtain the required tools, test, meas- 
urement, and diagnostic equipment, repair 
parts, facilities, and qualified personnel. 
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When contract maintenance support is be- 
ing planned for equipment already in the in- 
ventory, provisions also should be made for nec- 
essary procurement lead time. The entire con- 
tract technical requirement package should be 
furnished the contracting officer in sufficient 
time before the desired date for the start of 
work to allow for timely completion of the full 
procurement cycle in accordance with normal 
commercial practices. This cycle includes con- 
tract preparation, advertising, and solicitation, 
receipt of bids and evaluation of prospective 
contractors, award of the contract, and advance 
preparation time for the contractor selected. 

In general, the conceptual phase contract 
maintenance plan should define the require- 
ments for and schedule the accomplishment of 
contract maintenance support of the system 
equipment, including support equipment. It pro- 
vides for contractor support of all appropriate 
tests, such as development/operational tests in 
the preoperational period, and provides for ap- 
propriate depot level support in the operational 
phase. 

In response to the Government RFP, the 
contractor should be required to prepare a plan 
for a contract maintenance program based on 
work statements selected by the support devel- 
oper. Unless otherwise specified, the contractor 
should plan to terminate contract maintenance 
support below depot category of maintenance 
when materiel is introduced into the Army in- 
ventory. 

The contractor's plan should contain the 
following: 

a. Requirements for contract maintenance 
support of materiel being developed (Planning 
information should substantiate these require- 
ments.) 

b. Procedures for initiation and termina- 
tion of contract maintenance to Army support 

c. Determination of resources (facilities, 
tooling, support equipment, repair parts, Gov- 
ernment furnished equipment, personnel, etc.) 
required for contract maintenance 

d. Documentation of contract maintenance 
procedures, requirements, and data. 

The contractor should: 

(1) Maintain  historical  records  cover- 
ing every item which has a significant bearing 
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on the  performance,  life,  or maintenance  re- 
quirements of the materiel being developed. 

(2) Establish maintenance and repair 
procedures and repair part supply to support 
the scheduled and unscheduled maintenance of 
the materiel for which the contractor is con- 
tractually committed. 

(3) Establish a system for the analysis 
of work in progress, and revisions of require- 
ments to attain a more efficient support effort. 

(4) Prepare reports of all failures af- 
fecting operation or maintenance, including 
time to repair and the maintenance man-hours, 
and forward them through maintenance engi- 
neering for processing. 

(5) Forward repair parts usage data to 
maintenance engineering for preparation of the 
final provisioning documentation. 

(6) Forward reports of errors in tech- 
nical publications for review and correction. 

e. Substantiate and document the results 
of cost-effectiveness studies and trade-off 
analyses conducted relative to contract main- 
tenance requirements. 

7-3.7  IMPLEMENTATION AND ASSESSMENT 

Prior to entering full-scale development, 
the contractor should be required to revise the 
plan in accordance with additions or deletions 
of work statements as specified by the support 
developer and in accordance with the changes 
negotiated in the development contract. Upon 
approval of the revised plan by the Government, 
the plan should become the basis for the con- 
tractor's contract maintenance program. The 
contractor should be required to implement the 
Government approved contract maintenance 
plan, and should update this plan throughout 
the contract effort when necessary. 

The contractor also should update the con- 
tract maintenance plan prior to entering the 
production phase. These revisions should be in 
accordance with additions or deletions of work 
statements as specified by the support devel- 
oper. Upon approval of the revised plan by the 
Government and award of contract, the plan 
should become the basis for the contractor's 
contract maintenance program. 

The contractor should be required to: 

a. Implement the Government-approved 
contract maintenance plan, and should update 
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this plan throughout the contract effort when 
necessary. 

b. Provide for accomplishment of the nec- 
essary operations and maintenance transition 
tasks prior to turnover of maintenance oper- 
ations to the Army. Normally, except at the 
depot level of maintenance, turnover will occur 
at the time of initial delivery of equipment of 
tactical units. As a minimum, the contractor 
should certify that: 

(1) Maintenance of the equipment has 
been accomplished, and such service has been 
recorded in appropriate equipment logs. 

(2) Reports or data related to the tran- 
sition have been submitted to the proper au- 
thorities. 

(3) Followup technical assistance rec- 
ommendations have been made as appropriate. 

(4) Item accountability determinations 
and reports have been accomplished as required. 

Contract maintenance must be monitored 
carefully. Maintenance workloads accomplished 
by contract should be given the same emphasis 
and level of management attention as workloads 
performed by organic activities. Production, ac- 
crued cost, and other management information 
should be obtained and used by Army materiel 
management activities to measure the progress 
and efficiency of contractor performance, de- 
termine and maintain cognizance of costs in- 
curred by the contractor to assure that they 
do not exceed established parameters, assure 
that Government-furnished equipment is used 
and/or properly accounted for, and initiate re- 
quired management action to resolve problems 
and correct unsatisfactory situations. 

Information and reports that are useful for 
the monitoring process are generated when 
maintenance is performed under contract. The 
scope of these data may be expanded to meet 
needs for complex systems and equipment con- 
figurations. The following types of reports and 
information (generated when maintenance is 
performed under contract) are examples of 
those prepared and detailed as specified by the 
requiring agency. 

(1) Maintenance log 
(2) Work-in-progress report 
(3) Maintenance support assets 

(4) Time schedules 
(5) Report of turnover from contractor 

maintenance to Government maintenance 
(6) Selected failure reports 
(7) Individual data items, as required, 

which are listed by the activity on the contract 
data requirement list as separate line items. 

This information and data can provide con- 
siderable management visibility into the con- 
tract maintenance operation; for instance: 

a. The maintenance log provides a basic 
evaluation and an analysis of the life, perform- 
ance, and maintenance requirements of Army 
equipment and materiel installed and operated 
by the contractor. 

b. The work-in-progress report covers at 
least the following areas of continuing activity: 

(1) Status of contractor facilities 
(2) Problems which may be anticipated 
(3) End item performance following 

completion of tests 
(4) Types of tests performed 
(5) Number of contract maintenance 

personnel on site 
(6) Training to accomplish the mission. 

c. The maintenance support asset report 
normally is furnished as requested and sched- 
uled in the contract. 

d. Time schedules include maintenance 
support activities. Some of these considerations 
are: 

(l)The amount of projected equipment 
for which downtime is indicated 

(2) The schedule for daily, weekly, 
monthly, and quarterly inspections 

(3) Inspection, testing, and calibration 
of maintenance support assets 

(4) Training of Government personnel 
(5) Accomplishment of authorized 

equipment modifications. 
e. The report of turnover from contractor 

maintenance to Government maintenance cov- 
ers the accomplishment of all transitional and 
maintenance tasks. 

f. Selected failure reports cover failures 
beyond those that are anticipated and corrected 
as normal routine. 
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7-3.8   MAINTENANCE ENGINEERING INFLUENCE 

The maintenance engineering discipline 
can have considerable impact on the successful 
application and implementation of contract 
maintenance. Maintenance engineering analyses 
during the conceptual, validation, full-scale de- 
velopment, and production phases determine 
maintenance requirements. These requirements 
include skills, facilities, tools, support equip- 
ment, etc. Trade-offs among such considerations 
as leadtimes, cost, and total resources available 
will establish criteria for measuring the ben- 
efits of contract maintenance support. 

7-4 EQUIPMENT   IMPROVEMENT 
(Ref. 11) 

Prior to expanding on the methods and 
techniques of effecting equipment improve- 
ments, it may be beneficial to discuss the subtle 
differences between the terms "equipment mod- 
ifications" and "equipment improvements". 

Equipment modifications are any per- 
manent alterations made to materiel that has 
been accepted into the Army inventory and 
subsequently type classified as Standard or 
Limited Procurement (see par. 7-2.5.1). The 
meaning of equipment modification is thus re- 
stricted to the physical act of changing certain 
types of fielded hardware. 

In contrast, equipment improvements are 
those changes to the design, manufacturing pro- 
cess, materials, handling processes, or technical 
directives which will enable an item to meet 
or exceed the specified mission objectives. Those 
equipment improvements which meet the 
criteria established for modification of equip- 
ment (par. 7-2.5.1) are then implemented in the 
fielded materiel through the equipment mod- 
ification process. 

7-4.1   IMPROVEMENT PROGRAMS 

Requirements for equipment improvement 
programs are generated by a variety of causes. 
Validated requirements are satisfied either by 
a development equipment or by a formal equip- 
ment program. 

7-4.1.1   Requirement 

Since the perfect piece of equipment has 
yet to be designed, improvements normally are 
required after an item has been manufactured 

and delivered. Materiel that functions perfectly 
during evaluation and test frequently develops 
problems when placed in the hands of the user 
and operated in a field environment. Occasion- 
ally, manufacturers of critical components go 
out of business, and substitute replacement 
items must be found. State-of-the-art devel- 
opments often call for redesign of assemblies 
to perform the same function in a more effi- 
cient or economical manner, and operational 
mission objectives are subject to change because 
of political and strategic fluctuations. These and 
similar factors generate requirements for im- 
provement programs. 

Theoretically, the improvement program 
has its beginning in the conceptual phase of 
system development when one idea is super- 
seded by another or better way of performing 
a function. It also could be considered as con- 
tinuing through the advanced development and 
engineering development stages when compo- 
nents are discovered not to function as con- 
ceived. It also progresses through the produc- 
tion stage to provide for adaption to the man- 
ufacturing processes. It has its real formal be- 
ginning, however, when the equipment is de- 
livered to the user and put into operation in 
a field environment. 

7-4.1.2   Configuration Control 

Configuration management is a system for 
recording the established requirements for 
materiel, making certain that no changes sat- 
isfying these requirements are made without 
proper authority, insuring that all changes are 
reviewed for total impact and cost effectiveness, 
and maintaining adequate records of engineer- 
ing requirements and hardware status. Upon 
identification of the baseline (the functional 
baseline documented in the system description, 
the allocated baseline documented in the de- 
velopment description, and the product baseline 
documented in the production description), the 
defining documents are not changed without the 
coordination, evaluation, approval, and release 
of configuration change documents. These docu- 
ments must be coordinated with and analyzed 
and evaluated by each system engineering func- 
tional organization. The success of configura- 
tion management is dependent upon the ade- 
quate and complete configuration identification, 
configuration control, and configuration status 
reporting throughout the life cycle. 
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The change process, whether related to a 
development equipment or formal equipment 
program, is basically the same. The manner of 
implementation of the change is the varying 
factor. In the development equipment program, 
the changes are incorporated after problem 
identification, design solution, and change ap- 
proval. In the formal equipment program, the 
same process takes place, except that the 
changes are incorporated in a hardware con- 
figuration category (e.g., block configuration or 
category configuration), either based on serial 
number series or on preplanned evolutionary 
configuration. The process for each of these pro- 
grams is discussed in the paragraphs that fol- 
low. 

7-4.1 .21   Development Equipment Program 

When the user in the field discovers an 
equipment fault or shortcoming through oper- 
ational usage, the deficiency is reported on 
standard forms through 'channels to the 
materiel Commodity Manager. At this level, the 
report is analyzed to determine if prescribed 
procedures were followed, if environmental use 
conditions were within system tolerances, if 
there is an economical advantage in correcting 
the problem, and the precise cause of the user's 
dissatisfaction. Once the precise cause of the 
report is ascertained, an evaluation is made of 
the most advantageous method for alleviating 
the situation. The solution may be as simple 
as informing the user to follow prescribed op- 
erating or maintenance procedures, or revising 
or amplifying the existing procedures. A con- 
clusion that the report concerns a random fail- 
ure could result in no change action. The user's 

.report, however, frequently uncovers a design 
deficiency that must be corrected by a design 
change to the equipment. When the evaluation 
and analysis determine that a change is nec- 
essary, design effort is instituted to provide the 
best corrective solution to the reported problem. 
This solution considers the total input to the 
system performance, support, and other oper- 
ational factors. 

The new design is then reviewed, primarily 
for economic considerations, and, when the de- 
sign is approved, the Commodity Manager 
issues detailed instructions for implementation 
of the change. When new piece parts are re- 
quired, they are procured and assembled in kit 

form, with installation or rework instructions, 
and are made available for installation. If tech- 
nical directives are involved, changes may be 
issued as "pen and ink" change notices or as 
replacement pages. These changes then are in- 
corporated into the equipment or publications 
on an "as available" basis. 

7-4,7,2.2  Formal Equipment Program 

A different method of managing an equip- 
ment improvement program is by a formal plan 
that controls the accumulation of the changes, 
standardizes the documentation, and systemat- 
ically implements all changes in a specified 
time span, usually at one location and under 
the supervision of the same team. Under this 
plan, the improvements are generated by the 
same basic means as the developmental system. 
However, the improvement design changes are 
allowed to accumulate and are not issued im- 
mediately for installation. State-of-the-art im- 
provements are gathered at the same time, 
along with those changes that may be generated 
by alteration of mission objectives. At desig- 
nated time intervals, the field equipment is re- 
moved from service and brought to a modi- 
fication point, and all accumulated changes are 
incorporated, not only in the operational hard- 
ware, but also in the repair parts and technical 
directives. The advantages of this method in- 
clude the monetary benefits of large piece part 
procurement orders, the time saving realized by 
opening a piece of equipment only once to in- 
corporate several changes, and the outstanding 
configuration control obtained whereby multiple 
changes to equipment form, fit, or function are 
incorporated by a single configuration change 
and the operational commander thereby is kept 
aware of the exact condition and capabilities 
of his units. 

7-4.2.  IMPLEMENTING THE IMPROVEMENT 
PROGRAM 

Control of the Army equipment improve- 
ment programs has been standardized through 
directives and universal use of specially devel- 
oped documentation for that control. The basic 
elements of control consist of the establishment 
of the baseline configuration, the improvement 
identification process, the formal change pro- 
cedure, and the implementation of the change. 
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7-4.2.1   Design Baseline 

The engineering release record is a 
compilation of all approved engineering draw- 
ings and specifications which make up a sys- 
tem. When a newly designed piece of equipment 
is added to the system or replaces an existing 
item, the engineering drawings that depict the 
item and any peculiar specifications for it are 
added to the engineering release record only 
after final approval of the Army command re- 
sponsible for the system. A need to redesign 
an item is generated by some type of system 
requirement. For example, it may be due to 
continual maintenance problems with the exist- 
ing design. Ease or simplification of operating 
procedures, a change or variation in the system 
mission objectives, or major changes to the 
state of the art in component design may all 
be sufficient cause to create an entirely new 
design for an existing item or to add a new 
item to the system. 

The requirement for a new design is 
presented to the design team only as an idea 
or concept. This concept then is developed into 
a series of engineering drawings and specifi- 
cations after the team has considered and either 
accepted or rejected many different approaches 
to achieving the stated goal. When the designer 
is satisfied that the drawings are technically 
correct and meet the requirements, a prototype 
model usually is constructed. Normally, this 
translation of a drawing into hardware is ac- 
companied by numerous minor adjustments to 
the original design. Interference of fasteners 
with internal harnesses or assemblies, in- 
accessibility of components, wrong size hard- 
ware, nonavailability of certain specified ma- 
terials, and the like, are revealed at this time 
and must be corrected. Operational tests of the 
prototype occasionally will reveal faults in th6 
basic design that prevent it from satisfying the 
requirements and, consequently, a part or parts 
must be redesigned. Operation of the prototype 
also may uncover new areas of improvement 
that can be incorporated easily at this time. 
When all of these changes are included in the 
engineering drawings or specifications, the 
documents are submitted to the sponsoring 
Army command for validation. During valida- 
tion, the new documents are checked carefully 
to  assure completeness, technical  accuracy, 

compliance with specifications, system interface 
compatibility, inclusion of any new specifica- 
tions, and conformance with Army documen- 
tation requirements. Upon completion of the 
validation process, the approved documents are 
entered on the engineering release record as 
part of the system. Thereafter, the documents 
are subject to formal configuration control pro- 
cedures and can be changed only by the en- 
gineering change proposal process. 

7-4.2.2  Change Identification 

The requirement for materiel changes may 
be identified in equipment performance reports 
or in equipment improvement recommenda- 
tions. 
7-4.2.2.1   Equipment Performance Report 

When newly designed or extensively 
redesigned equipment is introduced to the mil- 
itary system, the equipment undergoes special 
evaluation tests. These tests, which include de- 
velopment test, environmental tests, an initial 
production test, a maintenance evaluation test, 
and other related tests, are conducted by the 
U S Army Test and Evaluation Command. 
TECOM evaluates the performance of the 
new equipment in a tactical environment and 
reports to the sponsoring commander on an 
equipment performance report. Every equip- 
ment malfunction observed during the tests, as 
well as any deviation from the expected per- 
formance, is reported on separate equipment 
performance reports. Recommendations for 
changes to the technical manuals in the areas 
of both maintenance and operating procedures 
also are included in the equipment performance 
report. Equipment performance reports are 
classified as (1)Deficiency, (2) Shortcoming, or 
(3) Suggested Improvement. The sponsoring 
command must insure that all items classified 
as deficient are corrected before TECOM 
will consider the test satisfactory and the item 
will be allowed to proceed to type classification. 
While the purpose of the test is to evaluate 
a new design, anomalies may be encountered 
on related equipment which previously has been 
type classified. Equipment performance reports 
may be submitted on those occurrences as "in- 
formation only" and the commodity Manager 
could accept them as general field input im- 
provement suggestions. 
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7-4.2.2.2  Equipment Improvement 
Recommendation (Ref. 4) 

All Army materiel is subject to an equip- 
ment improvement recommendation, which is 
a portion of a maintenance request form. The 
form is used to report equipment failures and 
receipt of defective new material, or to propose 
improvements in materiel. The purpose for sub- 
mission of an equipment improvement recom- 
mendation is to initiate early and effective cor- 
rective action. The using organization submits 
copies directly to the National Maintenance 
Point. Conditions for submission of a recom- 
mendation incrude but are not limited to the 
following: 

a. A condition or materiel fault that is a 
hazard to personnel, equipment, and missions 

b. When a prescribed installation or main- 
tenance action cannot be accomplished, or when 
operational characteristics or durability cannot 
be obtained as a result of faulty design or ma- 
terials 

c. Conditions that are a direct result of 
below-standard quality of workmanship during 
manufacture, remanufacture, modification, re- 
pair, or overhaul, except for those items qual- 
ifying for submission of an unsatisfactory 
materiel report 

d. Deterioration of installed components or 
operational equipment due to the effects of 
climatic or environmental conditions 

e. Shortcomings and deficiencies encoun- 
tered during "Y" (developmental) aircraft test 
and evaluation programs 

/ Errors arising from inadequate or in- 
sufficient data in technical publications, which, 
if not corrected, may cause a hazard or be a 
safety-of-flight condition. (All other short- 
comings in technical publications will be report- 
ed as described in par. 7-4.2.2.3.) 

g. Conditions that preclude adequate oper- 
ation of the equipment by operating personnel 

h. When equipment does not perform to 
published operational or maintenance standards 

i. Circumstances other than the preceding 
which warrant reporting. 

The submission of equipment improvement 
recommendations will not be withheld because 

the Army or manufacturers' letters, manufac- 
turers' representatives, or other media indicate 
awareness of the observed fault. Nor will they 
be withheld because other organizations within 
the command have submitted a recommenda- 
tion concerning identical faults. The fact of fail- 
ure is important statistical information that 
will be weighed to justify the urgency and pro- 
priety of corrective action. 

Equipment improvement recommendations 
on aeronautical equipment also will be submit- 
ted for any of the following special conditions: 

a. An Emergency or Urgent Recommenda- 
tion will be submitted for any condition in- 
volving safety of flight or hazard to personnel 
safety. 

b. If suspected or-confirmed materiel fail- 
ure is the cause of an aircraft accident, an 
Emergency Action recommendation immediate- 
ly is dispatched. The recommendation will in- 
clude all available failure data and the name 
and telephone number of the individual who can 
be contacted for additional information. 

c. A routine equipment improvement rec- 
ommendation (EIR) must be submitted when 
a flight abort resulted from a materiel failure 
or malfunction, but the submittal of an emer- 
gency recommendation is not warranted. The 
routine EIR must reference the crash facts 
message and identify the cause of flight abort. 

d. Equipment improvement recommenda- 
tions must be submitted for items adjudged to 
be defective due to dimensional, material, hard- 
ness, finish, or performance deviations from the 
original manufacturing or overhaul rework 
specifications for the items. 

e. Equipment improvement recommenda- 
tions should be submitted against recurring 
problems requiring an excessive amount of 
attention for which a solution or fix does not 
appear to be forthcoming. 

/ Equipment improvement recommenda- 
tions must be submitted when requested by the 
National Maintenance Point. A request of this 
type reflects that a problem of significant 
magnitude is suspected to exist, and the rec- 
ommendation is necessary to confirm and iden- 
tify the full extent of the problem. 
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To insure appropriate processing of equip- 
ment improvement recommendations, they are 
assigned priorities as follows: 

a. Emergency recommendations report un- 
safe conditions that are known or believed to 
exist, which, if uncorrected, could result in fatal 
or serious injury to personnel or extensive dam- 
age or destruction of valuable property, or could 
have serious adverse effects on national securi- 
ty. 

b. Urgent recommendations report po- 
tentially hazardous conditions, known or ex- 
pected to exist, which could result in serious 
injury to personnel or damage to valuable prop- 
erty, or could reduce combat effectiveness. Such 
conditions compromise safety and embody risks 
calculated to be tolerable within reasonable lim- 
its only if affected equipment is continued in 
operation with extreme caution. 

c. Routine recommendations report all 
other conditions'pertaining to equipment or pro- 
cedures requiring improvement. 

Emergency equipment improvement rec- 
ommendations are transmitted by electrical 
message or telephone directly to the National 
Maintenance Point. A followup written recom- 
mendation marked EMERGENCY is submitted 
by Air Mail within 5 working days to the same 
address. Urgent equipment improvement recom- 
mendations are sent by Air Mail and routine 
recommendations are sent by regular mail to 
the appropriate National Maintenance Point. 

When appropriate, the defective item re- 
ported is retained by the user as an equipment 
improvement recommendation exhibit to assist 
in the investigation and analysis of the reported 
problem. These exhibits permit the National 
Maintenance Point to perform analytical tear- 
downs that frequently reveal faults that nor- 
mally are not detected during routine repair 
and overhaul. 

7-4.2.2.3 Interface Considerations of Proposed 
Changes 

The evaluation of suggested equipment im- 
provements must be undertaken in consid- 
eration of the fact that the fielded item has 
been the subject of extensive planning in the 

area of support prior to military acceptance. 
Concurrence that the suggestion will improve 
performance is only the beginning; thereafter, 
a determination must be made of the system 
costs that would be incurred if the change were 
made. This means that all of the factors that 
were part of the original design must be re- 
examined to ascertain any deviations that 
would result from implementation of the 
change. As the design changes develop, they 
are reviewed by the maintainability engineer 
to determine the effects on quantitative and 
qualitative maintenance parameters, not only 
for the item being changed but also for the 
system as a whole. The maintainability engineer 
also contributes to the design to assure that 
it incorporates the best maintainability fea- 
tures. The maintenance engineer then reviews 
the design changes for conformance with the 
system maintenance concept, and to assure that 
it can be maintained with the tools that are 
available in the system or to determine the new 
tools or materials that would have to be added. 
Provisioning personnel contribute cost impact 
with regard to new repair parts that will be 
needed and the parts that will become obsolete 
and deleted from the system. The training cur- 
riculum for both user and maintenance person- 
nel also would have to be revised to include 
instruction in the new materiel, with a possible 
impact of lengthening of the courses or a re- 
quirement for new training devices. A great im- 
pact of any change is the requirement to revise 
the technical manuals that describe the equip- 
ment, detail the procedures for use, and provide 
instructions for maintenance. In addition to 
these integrated logistic support costs, other 
items that add to the total cost of a change 
are the cost of drawing and specification 
changes, procurement of piece parts for retrofit 
kits, the manufacturing of new parts, testing 
of the change, and, finally, any costs incurred 
in the actual field retrofit. Only after compila- 
tion of the total impact of the change on the 
system can the Commodity Manager properly 
evaluate the benefits to be gained by in- 
corporating a suggested equipment improve- 
ment. As a result of this total system analysis, 
the change, although it may appear meritorious 
on its own, may not be justifiable in terms of 
its impact on total cost or performance. 
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7-4.2.2.4  Recommended Changes to DA 
Publications Form 

The user submits the form to the 
Commodity Manager to report errors, omissions, 
or recommendations for improving technical 
publications. Upon receipt, it is evaluated as 
any other equipment improvement recommen- 
dation, and it may or may not be incorporated 
in the publication as circumstances warrant. 

7-4.2.3  Change Procedure 

Equipment improvements that necessitate 
changes, no matter how small, to documents 
on the engineering release record are governed 
by the requirements of MIL-STD-480 (Ref. 10), 
which provides for maintaining configuration 
control of the system items. That standard es- 
tablishes configuration control requirements 
that apply during the development, production, 
and deployment phases of items that are de- 
veloped, designed, or modified specifically for 
Department of Defense activities. It also is used 
to control the form, fit, and function of private- 
ly developed items used in the military product. 
The document used to identify the technical 
data package and impact on the system is the 
engineering change proposal. 

The steps prescribed in processing an en- 
gineering change consist of the following: 

a. Determination of a need for the change 

b. Establishment by the originator of a 
classification of the engineering change as a 
Class I or Class II 

c. Preparation of an engineering change 
proposal 

d. Submittal to the Government 

e. Review 

/ Approval/disapproval or con- 
currence/noneoncurrence in classification 

g. Incorporation of the approved engineer- 
ing changes in the item and in the data, in- 
cluding, when applicable, negotiation into the 
contract. 

The engineering change is classified either 
Class I or Class II based on designated 
classification criteria. A change is classified 
Class I if any of the following factors are af- 
fected: the functional or allocated configuration 
identification; the product  configuration  iden- 

tification as contractually specified (excluding 
reference drawings); technical requirements 
contained in the product configuration 
identification as contractually specified; non- 
technical contractual provisions; and other fac- 
tors (i.e., safety, computer programs, training 
devices/equipment, and interchangeability). 
Any engineering change that does not fall 
within the Class I definition is classified as 
Class 11 Examples of Class II changes include 
documentation-only changes, such as correction 
of errors or addition of clarifying notes and 
views; and changes to hardware, such as 
substitution of materials, which do not create 
the condition for a Class I change. 

To determine the relative speed with which 
a Class I engineering change proposal is review- 
ed and evaluated and with which an approved 
engineering change is ordered and implemented, 
the originator assigns one of three priorities: 
emergency, urgent, or routine. 

An "emergency priority" is assigned to a 
change that (1) if not effected without delay, 
may compromise the national security seriously, 
or (2) corrects a hazardous situation that may 
result in fatal or serious injury to personnel 
or in extensive damage or destruction of equip- 
ment. An "urgent priority" is assigned to a 
change that (1) may affect operational char- 
acteristics to insure maximum effectiveness, (2) 
correct potentially hazardous conditions, (3) 
meet specific contract requirements, (4) avoid 
delay in schedule or increase cost, or (5) result 
in net life cycle cost savings to the Government. 
A "routine priority" is assigned to all engineer- 
ing proposals not classified emergency or 
urgent. 

Class I engineering change proposals are 
coded to establish the justification for the en- 
gineering change. For example, standard codes 
(A, B, V, etc.) are used to indicate that a change 
will correct deficiencies; make a significant ef- 
fectiveness change in operational or logistic 
support activities; effect substantial life cycle 
cost savings; or prevent slippage in an approved 
production schedule. The justification codes 
usually are not pertinent to a Class II engi- 
neering change proposal and are not assigned. 
Class II proposals may be initiated when the 
originator considers that it will benefit him or 
the Government and is not detrimental to the 
Government. 
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Class I engineering change proposals may 
be submitted to the Government in either of 
two types appropriate to the circumstances. A 
Type P (preliminary) engineering change pro- 
posal may be submitted to the Government for 
tentative approval prior to the availability of 
the detailed information necessary to support 
the formal change. Preliminary proposals usu- 
ally are only descriptive in nature, containing 
listings of the drawings affected and budgetary 
cost estimates. They are prepared and submit- 
ted to furnish the procuring activity with avail- 
able information in order to permit a prelim- 
inary evaluation relative to the merits of the 
proposed change and a determination regarding 
the desirability of continuing expenditures re- 
quired to develop the proposal. Preliminary en- 
gineering change proposals also may be submit- 
ted to permit a choice of various alternative 
proposals. A Type F (formal) engineering 
change proposal provides engineering informa- 
tion and other data in sufficient detail to sup- 
port formal change approval and contractual 
authorization. Approved preliminary engineer- 
ing change proposals are followed by the 
submittal of formal proposals. The engineering 
change proposal form (DD 1692) is used for sub- 
mittal of all types and classes of engineering 
change proposals. Use of the form and the vari- 
ous pages therein is delineated for the various 
phases of a program in Table 7-3. The para- 
graphs that follow briefly describe page usage 
for a Class I change during the several program 
phases. 

For Class I changes during engineering or 
operational system development: 

a. Page 1 of the engineering change pro- 
posal form is used as the cover sheet to sum- 
marize the proposed change. If prototypes of 
items are undergoing operational evaluation or 
service tests, changes in the hardware of such 
existent or subsequent prototype models are de- 
scribed on Page 3 of the form (or on enclosures 
referenced thereon). 

b. Page 2 of the engineering change pro- 
posal form is used to describe changes from 
the functional configuration identification or 
allocated configuration identification defined by 
the system specification and each pertinent 
item specification. As required, the detailed text 
of proposed changes in each of these specifi- 
cations is furnished as enclosures, but blocks 

on Page 2 of the form are completed to sum- 
marize the significant effect on specifications. 

For Class I changes during production or 
deployment: 

a. Page 1 of the engineering change pro- 
posal form is used as the cover sheet to sum- 
marize the proposed change. 

b. Page 3 of the engineering change pro- 
posal form is used to describe the effects of 
the proposed change on the product configu- 
ration identification data. The changes in the 
parts and/or assemblies of the item are de- 
scribed on Page 3 of the form (or on enclosures 
referenced thereon). 

c. Page 4 of the engineering change pro- 
posal form is used to tabulate the net life cycle 
cost impact of the individual change proposal. 
Entries in the column headed "Other 
Costs/Savings to the Government" need be 
made only to the extent that estimated 
costs/savings data can be determined by the 
contractor. 

d. Page 5 of the engineering change pro- 
posal form is applicable either when there are 
related change proposals or when new trainers 
or support equipment will be required as a 
result of the proposed change. The net total 
life cycle cost impacts (increase or decrease) 
of the individual related change proposals are 
summarized on Page 5, together with all related 
integrated logistic support costs which have not 
been included in the individual change pro- 
posals. Entries regarding related change pro- 
posals of other prime contractors are made by 
integrating contractors; otherwise, such entries 
need be made by a prime contractor only to 
the extent that such data are available to the 
prime contractor. 

e. Page 6 of the engineering change pro- 
posal form is required if there is a revision 
in the scheduled actions other than delivery of 
the item which is the subject of the change 
proposal. Page 6 is not required if the revision 
in schedule can be described fully either in 
Block 19 of Page 1 or by reference therein to 
a revised schedule for the subject item. When 
required, Page 6 is used as a graphic presen- 
tation of the time phasing of major actions in- 
volved in all related engineering changes in 
hardware and associated updating of documen- 
tation. 
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TABLE7-3.  ENGINEERING CHANGE  PROPOSAL (ECP)   FORM 
PAGE  UTILIZATION 

DD Form 
Page No. Title 

Engineering or Operational 
Validation Development 

Production or 
Deployment 

1692 
Page 1 Cover sheet REQUIRED 

Cover sheet sum- 
marizes the ECP. 

REQUIRED 
Cover sheet summarizes the 
ECP. 

REQUIRED 
Cover sheet summarizes the ECP. 

1692-1 
Page 2 Function- 

al/allocated 
configuration 
identification 

REQUIRED USED 
to: 
Describe proposed 
changes in function- 
al configuration 
identification. 

REQUIRED USED to: 
Describe proposed changes in 
functional or allocated config- 
uration identification as de- 
fined by system and appro 
priate item specifications. 

REQUIRED if:, 
(a) System specification change is 

associated with design change. 
(b) Two-part specification method 

is used and part I specification 
needs to be changed. 

(c) Development and product 
fabrication specifications are 
used and development specifi- 
cation needs to be changed. 

1692-2 
Page 3 Product 

configuration 
identification 

NOT REQUIRED REQUIRED when: 
Prototypes are undergoing o p 
erational or service testing. 

USED to: 
Describe changes to hard- 
ware. 

REQUIRED USED to: 
Describe effects of change in prod- 
uct configuration identification 
and changes in parts and/or as- 
semblies. 

1692-3 
Page 4 Cost (one item) NOT REQUIRED NOT REQUIRED REQUIRED USED to: 

Tabulate cost impact. 

1692-4 
Page 5 Cost summary NOT REQUIRED NOT REQUIRED REQUIRED if: 

(a) There are related ECP's apply- 
ing to two or more items. 

(b) New trainers or items of sup- 
port equipment are required. 

USED to: 
Summarize cost impact of all re- 
lated ECP's. 

1692-5 
Page 6 Milestone chart NOT REQUIRED NOT REQUIRED REQUIRED if: 

There is a schedule change in more 
than delivery date for item. 

USED to: 
Show interrelationships of sched- 
ules. 
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/ Page 2 of the engineering change pro- 
posal form is applicable to changes during the 
production or operational periods only when 
changes in the system specification(s), part item 
specification, or product fabrication are asso- 
ciated with design change. 

An example of the use of engineering 
change proposal forms to effect a Class I 
change during the deployment phase is contain- 
ed in Figs. 7-3 through 7-8. For this example, 
Pages 2, 5, and 6 were not required because 
there was no change in the specification, no 
related engineering change proposals, no effect 
on the production schedule, and no new trainers 
or support equipment required. However, the 
pages are included to depict their formats. 
Enclosure I referenced in Figs. 7-3 and 7-5 and 
Enclosures II and III referenced in Fig. 7-5 de- 
scribe the effects of the change on various pro- 
gram elements. This is shown in Fig. 7-5, where 
it may be seen that Enclosure I describes the 
impact on drawings, maintenance procedures, 
repair parts, etc., and Enclosures II and III deal 
with reliability and electromagnetic interfer- 
ence, respectively. The enclosures are not in- 
cluded, but they were used as the basis for 
cost estimates pertaining to the change. The 
abbreviations appearing on the forms are self- 
explanatory, save for the abbreviations listed 
and defined as follows: 

SAIE - Special Acceptance Inspection 
Equipment 

SQAP - Supplemental Quality Assurance 
Procedure 

IRPRL - Initial Repair Parts Require- 
ment List 

The applicable functional areas of respon- 
sibility-such as engineering, quality, manufac- 
turing, product assurance, logistics, mainte- 
nance engineerihg-impacted the engineering 
change proposal in relation to the effect on the 
existing materiel support subsystem and/or de- 
sign. The net cost impact of this change was 
then delineated on DD Form 1692-3,' if other 
related engineering change proposals had af- 
fected this package, the total cost would have 
been summarized on DD Form 1692-4.2 

The completed package was then reviewed 
by the Commodity Command for determination 

i 

DD Form  1692-3    (Engineering Change Proposal) 
!DD Form  1692-4    (Engineering Change Proposal) 

of the approval or disapproval of the change. 
The change was approved as indicated in Block 
24a of DD Form 16923(Fig. 7-3). 

Receipt of contractual approval of a Class 
I engineering change proposal, unless otherwise 
specified by the procuring activity, constitutes 
the sole authority for the contractor to effect 
the change. If the procuring activity or purchas- 
ing office is not the military activity responsible 
for technical requirements, the concurrence of 
such military activity must be obtained prior 
to contractual action. Approval of the proposal 
and authorization of the change granted by the 
Government include reference to the proposal 
by number, revision, or correction, if applicable, 
and date. 

Class II changes will be reviewed only by 
the Government for concurrence in classifica- 
tion unless otherwise specified by the procuring 
activity. When a DD Form 1692 describing a 
Class II change is submitted for concurrence 
in classification to the procuring activity, it 
shall be concurrent with, or prior to, release 
of the Class II engineering change within the 
contractor's own plant. When the procuring ac- 
tivity has required by contract provisions that 
each Class II change be approved by the Gov- 
ernment, the contractor does not implement the 
change until he receives a copy of DD Form 
1692, Page 1, showing such approval. 

When the Government disapproves an en- 
gineering change proposal, the contractor is so 
notified in writing, with the detailed reasons 
for the disapproval. 

7-4.2.4   Improvement Implementation 

Those improvements that are generated 
during the preproduction phase of the equip- 
ment are effected directly into the assembly 
line with no accompanying forms necessary oth- 
er than the latest approved engineering docu- 
mentation. Improvements that are approved af- 
ter the equipment has been accepted by the 
military may be incorporated through a retrofit 
program, whereby the fielded items are altered 
or modified as discussed in par. 7-2.5. 

7-4.2.4.1   Modification Work Order 

The vehicle by which the retrofit is ac- 
comDlished is the modification work order. This 

DD Form  1692    (Engineering Change Proposal) 
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ENGINEERING 
fXEE  V1L-STD- 

CHANGE  PROPOSAL,   PAGE   I 
4«0  FOR IHSlMJCTIONS) 

DATE  PREPARED 

20 April  1973 

PROCUREW   AC 1VITY   N 

I      ORIGINATOR NAME   AND   ADDRESS 

John Doe  Incorporated 
Orlando,   Florida 32805 

2.    CLASS  OF   ECP' 

I 

3.    JUST. 
CODE 

O 

4  PRinui 

R 

5.     ECP   DESIGNATION 
6.    BASELINE   AFFECTED        11 / H. 

n%Sk   nass   n>»*><■> b.    MFR.    CODE 

04930 

c.    SYS      OESIG. 

Pershing 

d.    ECP   NO. 

MI-75302 

1.    TYP F 

F 

/.   REV. 

N/A 

f.  CORRT" 

N/A Pia 
7.   OTHER  SYS./CONF IG.    ITEMS   AFFECTFC. 

8 . SPECIFICATIOI IS    AFFECTED   -TEST   PLAJ 9.    DRAWINGS   AFFECTED 

s«»™»»™»:::; MFR   CODE SPEC./DOC.      NO. SCN MFR   CODE NUMBER REV. NOR   NO. 

a.     SYSTEM - N/A - - See Encl.   I. _ _ 
b .      ITEM - N/A -   - Para.   A _ _ 
c.     TEST   PLAN N,'A - - - - 

Slave Starting Power Station I TEM 
0012 

12      CONFIGURATION    ITEM NOMENCLATURE 

KP 

13.    IN   PRODUCTION 

14.   NAME   OF   PART OR   LOWEST ASSEMBLY   AFFECTED 

See Block 9 
15.   PART  NO.   OR   TYPE   DESIGNATION 

See Block 9 

<=>* >\fc 
^ 

17     NEED   FOR   CHANGE 

To prevent  possible   filter burn  out  during Power  Station  starting,   and provide 
capability  for continuous   slave  cable  connection. 

Note:     All elements  of pages  2 ,   5 & 6 have been considered  and been  found 
not  applicable  and  are therefore  excluded. 

18.   PRODUCTION   EFFECTIVITY   BY   SERIAL   NUMBER 

RP 06001 and Lp 
19.    EFFECT ON  PRODUCTION   DELIVERY   SCHEWLE 

No effect 

20 RETROFIT 

a.    RECOMMENDED    ITEM  EFFECTIVITY 

See Block 1*0 

c.    SHIP/VEHICLE   CLASS   AFFECTED 

T.    ESTIMATED   KIT  DELIVERY   SCHEDULE 

—October 1973 

d.    LOCATIONS   OR   SHIP/VEHICLE   NWBERS   ATFECTED 

21      ESTIMATED COSTS/SAVINGS   UNDER CONTRACT 22     ESTIMATED  NET   TOTAL   COSTS 

23     SUBMITTING   ACTIVITY   AUTHORIZING  SIGNATURE 

Jbim' Smith   '       " ' 

TITLE 

Contractor Authorizing   Official 

prri tppmvAL 
LÄJ KECOWEHflED | | APPROVED       | | 01 3APPR0VE0 

I Iriwrni in                                            I     I K NOT COHCUB  I« 
 JflElffO« OF CHMGE                              I I CLASSIFICATION OF CHAKGE 

<r.    GOVERNMENT   ACT    VI'Y 

U.    S.   Army Missile   Command 

SIGNATURE                                                                                            DATE 

13 

Figure 7-3. DD Form 1692 
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ENGINEERING CHANGE  PROPOSAL,   PAGE 2 
(SEE MIL-STD-tSO  FOR INSTRUCTIONS; 

PROCURING   ACTIVITY   NO 

ORIGINATOR NAME   AND   ADDRESS ECP  NUMBER 

25.    OTHER   SYSTEMS   AFFECTED 26.    OTHER   CONTRACTORS/ACTIVI TIES   AFFECTED 

28.    EFFECTS ON  PERFORMANCE   ALLOCATIONS   AND    INTERFACES   IN  SYSTEM   SPECIFICATIONS 

29.    EFFECTS ON   EMPLOYMENT.     INTEGRATED   LOGISTIC   SUPPORT.    TRAINING,    OPERATIONAL   EFFECTIVENESS.   ETC. 

V t» 
30.    EFFECTS ON   CONFIGURATION    ITEM   SPECIFICATIONS 

* 

31.    DEVELOPMENTAL   REQUIREMENTS   AND   STATUS 

32.    TRADE   OFFS  AND   ALTERNATIVE   SOLUTIONS 

33.    DATE  BY   WHICH   CONTRACTUAL    AUTHORITY    IS NEEDED 

DD,^.. 1692-1 

Figure 7-4.  DD Form 1692-1 
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ENGINEERING CHANGE PROfOSAL,   PAGE 3 
(Sll MU-STD-tSO FOR  INSTKUCTlbuS) 

PRO<V*HtG  ACTIVITY   NO. 

ORIGINATOR  NJME   AND ADDRESS 

John Doe  Incorporated 
Orlando,   Florida  32805 

ECP  NUMBER 

MI-75302 

IX) FACTOR ENCL. PAR. IX) FACTOR ENCL. PAfl. 
J«.    EFfECT   ON   PROOUCT   CONFIGURATION 

IDENTIFICATION   0*   CONTRACT 
*:-:v:*K::':::'::i: X Retrofit Kit«    See Block kO 

PERFORMANCE                                                     N/A 

«IGHT-BALANCE-STAilLITY   (Aircrtft)        Jj/A :;::::::$ 3«.    EFFECT   ON   OPERATIONAL   EMPLOYMENT ' 
MI GMT-MOMENT   (Otk*r   • ■•"■■•■•"                 N/A "rE,v                                                N/A 

X DRAWINGS I A 5URVIVABlL.TV                                                                              N/A 

NOMENCLATURE                                                                      N/A X RELIABILITY II 
MAINTAINABIL 1 TY                                                                                    N/A 

5E«V,CEi-r£                                                                        N/A 

S&8 it.   EFFECT  ON   INTEGRATED  LOGISTIC 
SUPPORT   11 LSI   ELEMENTS 

OPERATING   PROCEDURES                                                                 _ 

ILS   PLANS                                                                     N/A X ELECTROMAGNETIC    INTERFERENCE III 
MAINTENANCE   CONCEPT   AND   PLANS                        N/A ACTIVATION   SCHEDULE                                                              N / A 

X MAINTENANCE   PROCEDURES I B OPERATING    INSTALLAT IONS                                                        — 

INTERIM   SUPPORT   PROGRAM                                        N/A 

X SPARES   AND   REPAIR   PARTS I C 
X TECH.   MANUALS/PROGRAMMING   TAPES I D ii 37.    OTHER   CONSIDERATIONS WMMWM& 
X FACILITIES I E INTERFACE                                                                                         N /A 

SUPPORT   EQUIPMENT                                                         N/A OTHER   AFFECTED   EOU 1 PMCNT/GFE                                      N/A 

OPERATOR   TRAINING                                                        N/A PHYSICAL    CONSTRAINT                                                                       N/A 

OPERATOR   TRAINING   EQUIPMENT                             N/A OPERATIONAL   COMPUTER   PROGRAMS                                   N/A 

X MAINTENANCE   TRAINING I F REWORK   OF   OTHER   EQUIPMENT                                             N/A 

MAINTENANCE   TRAINING   EQUIPMENT                     N/A X SYSTEM   TEST   PROCEDURES i K 
PERSONNEL                                                                     N/A X SAIE i A&H 
CONTRACT   ENGINIERING   TECH.    5VCS.                N/A X SQAP i A&H 

X VERIFICATION   AND   DEMONSTRATION   PLANS I ~G 
31.    ALTERNATIVE   SOLUTIONS 

31.   DEVELOPMENTAL    STATUS & &. & 

40.    RECOMMENDATIONS    l-UK   Kb I KU I-1 I 

MWO 5-l1*50-20it-30/l.     KP 05001-05083,   05201-05242.     Requirement  for  130 kits,  kit  number 
5420099.     Installation of kits  for RP  04001-04005 will be  taken  care  of during the MOD 
& IRON program.     Formal manuscript   & Final Kit  drawing ^yo Required    Yes  x 
flvnil nh- _NQ_ 

• .   ORGANIZATION 
HOURS   PER   U'JIT  TO   INSTALL   RETROFIT «ITS 

56 Hrs. 

• I     MAN.HOURS   To  CONDjC   SYSTEM   TESTS   AFTER   HETBOflT 

2 Hours 
AS      THIS   CHANGE  MUST   BE   ACCOMPLISHED 

I        I BfORE [        limTH I      1   AFTER   THE   FOLLOWING   CHANGES 

4«.    EFFECT   OF   THIS   ECP   AND   PREVIOUSLY   APPROVED   ECP * S   ON   ITEM 

44      IS   CONTRACTOR   FIELD  SERVICE   ENGl- 
«t.,HS REou,»si^    End.   1 

1x1 »ES no T i^-1 '—i    para.   I 

4 5     OUT   OF   SERVICE   Til 

See Encl.   I, para.   J. 
47     OATC   CONTRACTUAL    »UTHORITT   NEEDED   FOR 

PRODUCTION  N/A 

DD 1692-2 

Figure 7-5. DO Form 1692-2 
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ENGINEERING CHANGE  PROPOSAL,   PAGE 4 
(SEE UlL-STD-iSO FOR   INSTRUCTIONS) 

PROCURING   ACTIVITY    NO 

SUMMARY 

ORIGINATOR    NM    AND    ADDRESS 

John Doe  Incorporated 
Orlando,   Florida 32805 

ECP   NUMBER 

MT   7^n? 

COSTS/SAVINGS   UNDER CONTRACT 
OTHER 

FACTOR 

NQN.REC'JRfltNG 

( 1) 

RECURRING 

TOTAL 

(5) 

COSTS/SAVINGS 
TO  GOVERNMENT 

(61 
UNIT 

(21 
QUANTITY 

(3) 
TOTAL     ifiECLRR   NG) 

a.    PROOUCTlON   COSTS/SAVINGS '"■'■■'■■:i,2i :>*■>x':: -■■■.■■   .<   ^ ' 
CONFIGURATION   ITEM 

FACTORY   TEST   EQUIPMENT 

SPECIAL   FACTORY   TOOLING 

SCRAP 

ENGINEERING.    EUGR.   DATA   REV. 

REVISION   OF    TEST   »RCCEXJRES 

QLMLIF I C*TION   OF  UEW   : "EMS 

SUBTOTAL   OF   PROD.   COSTS/SAVINGS - 
6.    RETROFIT   C05TS 

EUGINEERIUG.    ENGRG.    DATA   REV. $     10.852 
PROTOTYPE   TESTING 7 OR 

KIT   PROOF   TESTING 

RETROFIT   KITS ?     397 130 5      51,610 $ 51,610 
PREC     OF  MWO/ TC TC./ SC /AL T    INSTR. 

SPECIAL    TOOLING   FOR,  RETROFIT 

CONTRACTOR   FIELD   SERVICE   ENGRG !       .,-& 
INSTALLATION ' "f  ~>^^:tffi -       .v.'/:: .::■.::!              70,070 
TESTING   AFTER   RETROFIT 

J^ 
|                 ?,SO^ 

MODIFICA'IOW   OF   GFE 1 i             1 'oRfi 
SQAP 7. 759 

SAlE 1,836 
SUBTOTAL   Of   RETROFIT   COSTS } «    51,610 51,610 . 

INTEGRATED   LOGISTIC   SUPPORT 
'"    COSTS/SAVINGS BHafBHU 

SCARES/REPAIRS   PARTS   REWORK 1                             i i 
NE*   SPARES   AMD   REPAIR   PARTS 

RETROFIT   KITS   FOR   SPARES 

OPERATOR   TRNG.   COURSES 

MAINTENANCE   TRt*G,    CWRSES 

REV.    OF   TECH.    MAN . /PROGRAJ** 1 NG 
TAPES 18,077 
HE#   TECH.    MAN ./PROGRAMMING   TAPES 

PREP.    OF  M»/TCT0/£C/ALT    INSTB          \ 8,108 
INTERIM   SUPPORT 

MAINTENANCE   MANPOWER 

PMAC 140 
IRPRL 527 

SUBTOTAL   OF   1LS   COSTS ;::ft::>r:S:Ä-?i:iA:v::':-Ä¥:¥S $  51,610 117,655 
4,    O^rER   COSyS/SVvlMGS 

1 

t.    SUBTOTAL   COSTS/SAVINGS 

SUBTOTAL   UNDEII   CONTRACT ' 
/.    COORDINATION   CHANGES   BY   OTHER   CONTRACTORS 

1 

(.   COORDINATION   CHANGES   BY   GOVERNMENT 

ESTIMATED  NET   TOTAL   COSTS 
•■   ■ -■"■■■:: 

i:$:SmwWS:ft:ft:5::'::':::,:Ä 

  .  • , $ 169,265 

DD.Se"- t692-3 

Figure 7-6.   DD Form 1692-3 
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ENGINEERING  CHANGE PROPOSAL,   PAGE 5 
(SEE HIL-STb-i80 FCR INSTRUCTIONS) 

PROCURING ACTIVITY   NO 

ORIGINATOR   NAME   AND   ADDRESS ECP   NUMBER 

49.    ESTIMATED   COSTS/SAVINGS   SUMMARY,    RELATED   ECP'S 
(USE   MINUS   SIGN   FOR   SAVINGS) 

MANUFACTURER'S 
CODE 
(tl 

ECP   NUMBER        I    COSTS/SAVINGS 
tct-   NLMBtH          UNDER  CONTRACTS 

(2;                                    I3I 

OTHER  COSTS/SAVINGS 
TO   GOVERtMENT 

(41 

a.   PRODUCTION  COSTS/SAVINGS    (Subtotal  of  Costs/Savings   Elements. 
from block   (*8a   applicable    to   aircraft,   ship,   tank,    vehicle, 

I 

SUB-TOTAL   PRODUCTION   COSTS/SAVINGS :      | 

b.     RETROFIT   COSTS   (ipp Ucubie    to   aircraft,    ship.     tank,    vehicle, 
missile   or   its    subsystem; 

I 
SUB-TOTAL   RETROFIT  COSTS £#$PMI8ffl5^ ] 

c.    INTEGRATED  LOGISTIC   SUPPORT  COSTS/SAVINGS 

REVISED   RETIREMENTS 1       W 

I.     ITEM RETROFIT (If   not   covered   under    "b") 
(Applicable   to   aircraft,   ship.     tank,   vehicle, 

missile   or   its   subsystem) 1 

.*& 
^ 

5.   OTHER   TRAINING   EQUIPMENT 

6.    SUPPORT EQUIPMENT    (Net   total   cost/laving   from   each 
ECP on   support  equipment) 

7.     ILS   PLANS 

8.   MAINTENANCE   CONCEPT,    PLANS.    SYSTEM   DOCUMENTS 

NEW REQUI REMENTS NON-RECURRING 
COSTS 

T§ 
TOTAL 

I0.    PROVISIONING   DOCWENTATION 

II.    OPER   TRNR/TNG   DEVICES/EOUIP 

12.   MANUALS/PROGRAMMING   TAPES. 
SPARES,    REPAIR PARTS    (For  11) 

13.    MAINTENANCE   TRNR/TRNG 
DEVICES/ECJUIPMENT 

14.   MANUALS/PROGRAMMING   TAPES. 
SPARES,    RPR PARTS    fror   13) 

IS.    SUPPORT  EWIWENT 1 
16.   MANUALS/PRGMG   TAPES   (For    IS) 

17.   PROV.    DOCUMENTATION    fror  15) 

18,    REPAIR  PARTS   (For   15) 

SUB-TOTAL    ILS   COSTS/SAVINGS   (Sum   of  c.l    through   c.18) Will 
MANUF?S£

JR.ER:S   i     Ecp <t"mE" ;i 
d.    OTHER COSTS/SAVINGS   (Total   from block    48d  of   related ECP'S} )             1             1 

I 

TOTAL   OTHER   COSTS/SAVINGS 
i>MyM)l>)>IIM/l|MMW 

Sue-TOTALS OF COLUMNS 

SUB-TOTAL UNDER CONTRACT 

t.    ESTIMATED NET TOTAL COSTS/SAVINGS (a   *   b   +   c   *   d) JT2 --+        h*Rh».^..—M*M*Ml— 

DD.Sc"« 1692-4 

Figure 7-7. DD Form 1692-4 
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ENGINEERING CHANGE  PROPOSAL,   PAGE 6 
($E£ M1L-STD-680 FOR INSTRUCTIONS) 

(MILESTONE CHART) DATE   PREPARED 

1  May   1975 

PROCURING   ACTIVITY NO 

OHÄ.,NAB°ü TfEfe *7fIISBAXVT CORPORATION 
OKLAHOMA  CTTY,   OKLAHOMA 

Ml R   CODE 

99999 

FCF   NLMOER 

462-1 
CfW [(JURAT ION    IHM  NOMENCLATIVE 

A   267   B  AIRCRAFT 

TIRE   Oi    CHANGE 

LANDING  GEAR   IMPROVEMENT 

DATE   AU1HORI 2*1 ION  TO 
PROCEED   RECEIVEO   BY  CONTRACTOR 

.                SVMBOt    I«PLANJ»TION 

1 S I   START   DELIVERY                                        IC 1  COMPLETE   DELIVERS                                \j   PROGRESS  POINT 
1 r 

IsD     Of    MONTHS 12         3        4 5        6        7 8          9       10       1 1 12 13      14      15     16       17 IS       19 20         21 22 23         24 25 

1 
26      27      28   1  29       30      31       32      33       34      35      36 

PRODUCT 1 ON 

ft 
2 TTCH      MANUALS/ 

PROG     TAPES V    SF 30 G ß 
O RETROFIT r-r   GOVT REP 

V    PLACES KIT CALL Ö   IS ^TST   Ö 
a. 
ID 
o 

WWO ,    TOO.    SC.    ALT 
PARTS                              A,       TCTO 
LIST.,      V7                    L£J       DEL 

7 
O 
U 

SPARES/REPAIR   PARTS SICR       v-7                             y-7     SICR 

SUB M    V                              V      APPROVED 

y. 

PROOUC110N 

V- 
NIA                             <b~^ 

ft 
1ICII      MANUALS/ 
PROG     TAPES SF 30   V .       Ö                  Ö 
RETROFIT GOVT   REP r-j 

AUTH               V S?  Ö L£l   ^ 
t- MWO,     TCTO,    SC.    ALT PARTS                                TCTO      r^S 

SUEFJM       V7                    DEL        L£J 

a. HLPAIR   PARIS NIA 

OrtHATOR V7  ENG                             1ST     i-^S V   REL                             KIT     [Sj 

(E. MAINUNANCE ^7 ENG                  r^ ,ST 
V    REL                                        Lll    PROD 

a 

NO.    OF   MONTHS '   1*   1   3  1  4  1   5  1   6   1   7   i   ' 9 10  1   1 1 1   " 13 1' 15 16 17       18 19 20       21       2? 23        24 26       26 27 28      29 30       31 22 2 2 34 35 36 

D D.«- 1692-5 tv !•■• 
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is an official Department of the Army publica- 
tion that provides authentic and uniform in- 
structions for altering and modifying Depart- 
ment of the Army materiel. They are Depart- 
ment of the Army directives, and their appli- 
cation is mandatory. Initiation of a modification 
work order for materiel is the responsibility of 
the agency responsible for the maintenance sup- 
port of the materiel. The basic criteria that 
have been developed for modifications limit 
them to those required for safety of person- 
nel/equipment and to those which provide 
significant improvements in the combat or op- 
erational effectiveness of the equipment. Those 
modification work orders that are required to 
assure safety of personnel or to prevent serious 
damage to equipment are classified URGENT. 
When this classification is assigned, all appli- 
cable materiel, including that in stock, is de- 
clared inoperable immediately; no item to which 
the modification work order applies may be 
used or issued until the modification has been 
accomplished. When special circumstances war- 
rant, the Commodity Command may allow con- 
tinued operation of the materiel to which the 
work order applies under specific precautionary 
measures for periods of up to 120 days. Under 
these special conditions, materiel in stock can- 
not be issued until the modification has been 
applied. 

All other modification work orders that do 
not meet the requirements for an URGENT 
classification are classified NORMAL. Work 
orders classified NORMAL are accomplished on 
all applicable equipment assigned to active 
Army units, and to similar equipment in stock 
or assigned as maintenance float items. -Items 
in stock cannot be issued or used until the mod- 
ification has been applied. To as great a degree 
as possible, work orders classified NORMAL are 
applied to unserviceable economically repairable 
items at the time those items are repaired, over- 
hauled, or rebuilt. 

The maintenance engineering activities of 
the sponsoring agencies direct the technical de- 
velopment of the MWO based upon the ap- 
proved Engineering Change Proposal (ECP). 
The modification work order prescribes all tech- 
nical requirements for accomplishing the mod- 
ification and includes as a minimum: 

a. Identification number, title, and 
classification of the order 

b. Effective date of the order 

c. Purpose of the modification 

d. Modification procedure 

e. Weight and balance data 

/ Prerequisites; i.e., those modifications 
which must be accomplished prior to or con- 
currently with a particular order 

g. Technical manuals, technical bulletins, 
supply bulletins, depot maintenance work re- 
quirements, and other technical publications af- 
fected 

h. Estimated downtime of the end item for 
accomplishment of the work 

i Lowest category of maintenance author- 
ized to accomplish the modification to end 
items, modules, and parts, as applicable 

j. Nomenclature, stock number, and serial 
numbers of the affected end items, modules, 
and parts 

k. Number of personnel by MOS and man- 
hours required to accomplish the modification 
of one end item, module, or part, as appropriate 

I. Special 'tools, tool kits, or facilities re- 
quired to accomplish the modification 

m. The modification work order kit 
number, kit contents, and quantity of kits re- 
quired for the modification of one end item, 
module, or part, as appropriate 

n. Bulk items required from local supply 
sources to accomplish the modification 

o. Repair parts added and/or deleted by 
stock number and/or part number, 
nomenclature, and unit cost 

p.  Recording and reporting requirements 

q. A time compliance date by which all 
modifications are expected to be completed. 

Prior to the publication of a modification 
work order or depot maintenance work require- 
ment authorizing mass accomplishment of a p 
proved modifications or the quantity procure- 
ment of kits or items for kits, the proposed 
change will be subjected to appropriate testing. 
This testing includes the trial application of a 
prototype modification kit in accordance with 
the detailed procedures and using the tools and 
methods contained in a draft manuscript of the 
work order. Only after this verification process 
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is the modification work order published to au- 
thorize the accomplishment of the approved 
modification. Modification work orders that are 
to be applied by a contractor or depot main- 
tenance facility are assigned a modification 
work order number, but are published as a 
depot maintenance work requirement or con- 
tract work statement, as appropriate. Once ap- 
proved and published, a work order is changed 
only to correct basic errors or deficiencies or 
to extend the application range of serial 
numbers of materiel affected by the original 
document. 

7-4.2.4.2  Equipment Improvement Report and 
Maintenance Digest 

Minor alterations that do not qualify for 
modification work order or official modification 
program can be implemented into fielded equip 
ment by various means. An official letter type 
of directive, for example, from the ,Commodity 
Manager outlining the details of the improve- 
ment permits the user to incorporate it at his 
convenience. A more formal method, but sub- 
ject to less stringent control than the modi- 
fication work order, uses the Equipment Im- 
provement Report and Maintenance Digest. This 
digest is published quarterly by the major Com- 
modity Commands in a standardized Depart- 
ment of the Army Technical Bulletin format. 
It is directive in nature and contains a sum- 
mary of equipment improvement recommenda- 
tions received during the quarterly reporting 
period, listed by major command and pertinent 
subordinate commands. It provides a continuous 
update on all open case entries until closed. 
It provides users of the equipment and main- 
tenance personnel with all pertinent informa- 
tion reflecting trends of organizational and di- 
rect and general support maintenance problems 
experienced, and the actions taken to resolve 
them, including the media for providing such 
detailed data. The Equipment Improvement Re- 
port and Maintenance Digest also may author- 
ize the accomplishment of minor alterations to 
equipment, giving all essential details for mak- 
ing the change, the tools required, the source 

of piece parts, and testing and recording the 
modification. When such alterations are direct- 
ed, the applicable technical manuals subse- 
quently will be changed to reflect the new con- 
figuration. 

7-4.2.4.3  PS Magazine 

Another method of disseminating informa- 
tion regarding minor equipment improvements 
is by means of the PS Magazine issued monthly. 
The areas involved are primarily those of op- 
erating or maintenance procedures. The PS 
Magazine is a small pocket-size pamphlet, print- 
ed in bright colors and featuring eye-catching 
cartoons and comic strip story line-all designed 
to attract the eye of the soldier to whom the 
subjects are addressed. The magazine provides 
a means of highlighting essential maintenance 
features for continued satisfactory equipment 
operation, hints on how to ease the preventive 
or corrective maintenance tasks, operating 
faults that have caused equipment failures, and 
similar topics that the immediate user would 
find interesting. Articles frequently are provid- 
ed on the construction of simple tools that 
would ease the performance of some tasks. Mi- 
nor equipment changes, such as the fabrication 
and installation of switch guards or the chang- 
ing of knob sizes, are suggested if the unit is 
experiencing a certain type of problem. The PS 
Magazine also is used to provide advance in- 
formation about incorrect stock numbers, su- 
perseded or obsolete items, changed information 
in technical manuals, changes in Commodity 
Managers, etc., for use until the official docu- 
mentation is revised and published. All Com- 
modity Commands provide inputs to the PS 
Magazine to pass the 'word to their individual 
user to obtain improved equipment perform- 
ance. A "letters to the editor" section allows 
the soldier to ask questions regarding any trou- 
blesome area; the answers are authoritative in 
nature, providing an official response to his 
problem. Although it is very informal in ap- 
pearance, the PS Magazine is a useful tool in 
the U S Army equipment improvement pro- 
gram. 
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CHAPTER 8 
DATA COLLECTION AND DECISION MAKING 

This chapter describes several Army data 
systems und how data jrom the systems are 
used to make decisions. Trade-offs are dis- 
cussed, and several trade-off examples are 
presented. Life cycle costs are examined, with 
emphasis on support costs. Models for calcu- 
lating elements of life cycle support costs are 
defined, and a cost calculation is accomplished. 

8-1   INTRODUCTION 

Maintenance engineering analysis is a pro- 
cess by which maintenance specialists evaluate 
the proposed or actual design of materiel to 
determine the maintenance characteristics and 
logistic resource requirements for a particular 
design configuration, and to establish effective 
techniques and procedures for performing sys- 
tem maintenance. New materiel begins to gen- 
erate valuable experience data coincident with 
its initial deployment. These data, if accurately 
recorded and consistently reported, provide the 
final basis on which the suitability of the sys- 
tem in the user environment is evaluated. In 
addition, the reporting system forms the essen- 
tial basis for an effective feedback loop if pro- 
visions are made for continuous reporting and 
periodic analysis of maintenance experience 
data throughout the deployment phase, and if 
formal procedures are established for progres- 
sive correction of discrepancies revealed by 
analysis (Ref. 1). 

A data system, as it relates specifically 
to maintenance performance, may be a part of 
an overall standard materiel maintenance man- 
agement system. An effective materiel main- 
tenance management system should provide for 
(Ref. 2): 

a. Responsiveness to the needs of both field 
commanders and the national level management 
requirements 

b. Automated forecasting, distribution, 
scheduling, and production control of mainte- 
nance workloads commensurate with require- 
ments and resources of major Army commands 

c. Collection of necessary data to deter- 
mine maintenance costs of systems and equip- 
ments to maintenance facilities below the depot 
level 

d. Maintaining visibility of the progress 
and costs associated with materiel modification 
programs 

e. Collection of equipment performance 
and maintenance performance data on weapon 
systems and end items to facilitate: 

(1) The development of failure pat- 
terns and repair factors 

(2) Monitoring the materiel readiness 
conditions of organizations and commands 

(3) Forecasting requirements for 
materiel and maintenance resources 

(4) Assessing the efficiency and effec- 
tiveness of maintenance operations. 

/ Developing and prescribing necessary 
standard forms and formats for the collection, 
transmission, and display of information needed 
in the management of the materiel maintenance 
and related supply effort. 

The collected data are analyzed and used, 
as required, to: 

a. Determine and maintain cognizance of: 

(1) Equipment status and materiel 
readiness 

(2) Effectiveness of maintenance oper- 
ations in the accomplishment of assigned mis- 
sions to include effectiveness of assignment and 
use of maintenance manpower, achievement of 
support maintenance evacuation standards, ade- 
quacy and use of operational readiness float, 
cost of support maintenance, control and status 
of modification applications and the calibration 
program, and adequacy of resources to reduce 
abnormal workload backlogs 

(3) Marginal and substandard equip- 
ment and/or maintenance performance 

(4) Maintenance costs which exceed es- 
tablished parameters 

(5) Responsiveness of the supply sys- 
tem to support maintenance operations to in- 
clude the responsiveness of direct exchange op- 
erations. 

b. Initiate required management and/or 
engineering action to correct deficiencies. 
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c. Provide experience data for engineering 
evaluation and consideration in the estab- 
lishment of support parameters for and the de- 
sign of new equipment, and redesign of current 
equipment and/or its support subsystem and 
product improvement. 

The collected data should include high- 
quality information in sufficient quantity and 
such form as to enable assessment of the vari- 
ous equipment reliability, maintainability, and 
availability parameters and permit the accom- 
plishment of tasks in other areas as indicated 
by the following: 

a. Maintenance: 

(1) Evaluation of equipment deficien- 
cies 

(2) Development and revision of main- 
tenance allocations, maintenance float factors, 
and repair part allowances 

(3) Review of maintenance procedures 
(4) Ease of m'aintenance review 
(5) Development and revision of repair 

and overhaul criteria 
(6) Development and revision of main- 

tenance manpower criteria and standards 
(7) Revision of periodic maintenance 

services 
(8) Equipment standardization studies 
(9) Equipment and repair part sim- 

plification studies 
(10) Modification control 
(11) Development and review of main- 

tenance requirements and programs. 
b. Procurement, production, and quality 

assurance: 

(1) Development and revision of test 
and acceptance specifications 

(2) Adequacy of quality control proce- 
dures 

(3) Reliability of supply sources 
(4) Development and revision of con- 

tractual clauses. 
c. Supply: 

(1) Repair part and maintenance float 
requirement computations 

(2) Materiel programming 
(3) Equipment and repair part disposal 

actions. 

d. Training: 

(1) Training requirements 
(2) Investigation of training problems. 

e. Research and development; 

(1) Establishment  of maintainability 
and reliability requirements 

(2) Redesign of current equipment 
(3) Development and review of qual- 

ified product lists. 

/  Calibration: 

(1) Development and revision  of cali- 
bration procedures 

(2) Development  and revision  of cali- 
bration support requirements 

(3) Evaluation  of test, measurement, 
and diagnostic equipment. 

The maintenance engineer, in performing 
the analysis function on new items of equip- 
ment, is able to facilitate the early decision pro- 
cess and influence the design through the avail- 
ability of accurate, complete, and com- 
prehensive information existing in the data sys- 
tem on comparative items. The data provide the 
history and factual backup on which to base 
the design and support decisions during the con- 
ceptual phase. 

The requirements for maintainability or 
maintenance may be derived from the descrip- 
tion of operational requirements. Usually, the 
requirements are specific enough to imply the 
consideration of one or more alternative main- 
tenance concepts. Historical data on existing or 
comparative systems should be available to the 
maintainability and maintenance engineers so 
that, through mutual interface of trade-offs, the 
optimum configuration of performance and 
maintenance resources can be achieved in a 
cost-effective fashion. It is important that these 
early estimates, in relation to maintainability 
or maintenance resource requirements, be re- 
alistic in terms of real need, yet consistent with 
current state-of-the-art design. When 
compatibility between the need and the design 
feasibility is so questionable that achievement 
of maintainability objectives would be classified 
as high risk, the risk involved must be 
estimated and its source described (Ref. 1).Ma- 
jor  decisions related  to the  maintenance of 
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materiel which can be formulated based on fac- 
tual data are substantiated more easily and 
result in minimizing the risk in relation to per- 
formance/support parameters of the materiel. 

One of the key data items in the planning 
and detection of performance, design, and sup- 
port parameters for materiel is the failure rate 
data. First and foremost, historical data on sim- 
ilar items are used to form the data base for 
determination of the failure rate and subse- 
quent reliability requirements of the system. 
Secondly, the failure rate data are used for: 

a. The apportionment and prediction of 
maintainability requirements based on percent 
contribution to total failures of items compris- 
ing the system 

b. The determination of the mean time be- 
tween failures used in availability calculations 

c. The development of fault isolation flows 
used in the maintenance task analysis to de- 
termine the most probable paths for mainte- 
nance action 

d. The determination and calculation of the 
failures for the system based on operational and 
deployment concepts and subsequently used in 
the determination of: 

(1) Maintenance workloads 
(2) Resource requirements 
(3) Data base for main- 

tainability/maintenance support trade-offs re- 
lated to concept and design 

(4) The maintenance factor. 
e. The substantiation for recommended de- 

sign or support changes to an existing or 
proposed system. 

Data elements required to determine the 
failure rate consist of but are not limited to 
the following: detailed identification of the 
failed item, the period of operation, operational 
conditions, environment, item disposition at 
each maintenance level, unusual conditions, and 
accumulated time or mileage. 

8-1.1   MILITARY DATA SYSTEMS 

Several military data systems have been 
developed to aid in the overall materiel man- 
agement process. These systems include but are 
not limited to the following: 

a. The Army Maintenance Management 
System, including Sample Data Collection 

b. Logistic Support Analysis Data System 

c. Depot Maintenance Capability/Capacity 
and Engineering Data Report 

cf.  Commodity Command Standard System 

e. System-Wide Project for Electronic 
Equipment at Depots, Extended. 

Information on the content and application 
of each of these typical data systems is included 
in subsequent paragraphs. 

8-1.1.1   The Army Maintenance Management 
System (TAMMS) Including Sample Data 
Collection (Refs. 3 and 6) 

The equipment record procedures known as 
The Army Maintenance Management System 
are used for control, operation, and mainte- 
nance of selected Army equipment. 

8-1.1.1.1  Applications and Exceptions 

This system is applicable to: 

a. Equipment improvement recommenda- 
tions 

b. Recording and mandatory reporting of 
all modification work order requirements and 
accomplishments 

c. Recording essential information to be 
used for evaluation of materiel readiness 

Cf. Recording and reporting of failure data 
for design of new equipment, redesign of stand- 
ard equipment, and product improvement 

e. Collection of inventory, operational, 
and/or maintenance data on special one-time 
studies or projects (In cases where the forms 
and procedures do not fully meet the require- 
ments of such studies, approval for deviation 
must be obtained from Headquarters, Depart- 
ment of the Army.) 

/ The periodic application by the Depart- 
ment of the Army of a sampling technique to 
obtain specific organizational maintenance ac- 
tion data from units located in a specific ge- 
ographic area (This sampling will include only 
specific type/model/series of equipments for a 
limited time period.) 

The exceptions to the application of the 
maintenance management system procedures 
are: 

a. Installed equipment to provide utility 
services such as gas, steam, and water 
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b. Industrial production equipment 

c. Locally purchased nonstock-numbered, 
nonstandard (nontype-classified) equipment, 
other than commercial vehicles 

d. Equipment procured with nonappro- 
priated funds. 

8.1.1,1.2 Records and Forms 

The equipment records for the Army fall 
into several categories: operational records, 
maintenance records, equipment historical 
records, ammunition records, and calibration 
records. 

The several categories of records are 
complemented by the use of detailed forms to 
supply the information required. The para- 
graphs that follow, discuss the purpose and use 
of the various forms within the data system. 

a. Operational Records. Operational 
records include the following: 

(1) The equipment utilization record 
provides a record for the control of equipment 
utilization. This record is used to control the 
use of special-purpose, tactical, or commercial 
design vehicles, including materiel handling 
equipment. The information includes equipment 
identification, uses, time of use, mileage, 
destination, arrival and departure times, and 
information related to abnormal occurrences 
during use. 

(2) The organizational control record 
for equipment provides ready identification of 
the uses and location of equipment while on 
dispatch or use. The record is used by dis- 
patchers to record the dispatch of equipment, 
and by commanders to determine who is re- 
questing and using the equipment, and when 
it will be returned. 

b. Maintenance Records. 

(1) The exchange tag is used for 
direct-exchange purposes and as an identifica- 
tion tag for equipment improvement reports 
and warranty claim exhibits. The tag is used 
to identify items throughout the direct- 
exchange program, items being held for equip- 
ment improvement report and warranty claim 
exhibits, items other than direct-exchange or 
exhibit items, or as a receipt for items of test 
and measuring equipment undergoing calibra- 
tion. 

(2) The preventive maintenance sched- 
ule and record provides a means for recording 
scheduled and performed maintenance services 
required at the organizational maintenance lev- 
el, and pertinent data required to determine 
readiness. The record is used for scheduling pe- 
riodic maintenance services on equipment when 
the maintenance must be performed by a me- 
chanic or operator personnel under the super- 
vision of maintenance personnel, scheduling cal- 
ibration services, recording nonavailable time 
due to supply and maintenance, and recording 
the results of equipment serviceability criteria. 

(3) The equipment inspection and 
maintenance worksheet is used for recording 
equipment faults found during the operator's 
daily inspection and service, periodic mainte- 
nance services, inspection of equipment by 
maintenance activities, diagnostic checkouts 
and spot check inspections of equipment, equip- 
ment serviceability criteria tests and checks, 
and results of a complete technical evaluation 
of a guided missile system. 

(4) The maintenance request register 
provides a consolidated record of job orders gen- 
erated, received, and processed by maintenance 
activities. At the organizational level, this form 
is used to maintain a record of support main- 
tenance requests and, at the support level, as 
an internal shop management record. The form 
is also used to record and control maintenance 
requests forwarded to commercial contractors. 

(5) The materiel readiness report pro- 
vides, to Department of the Army Staff and 
Commanders at all levels, information on the 
readiness status of equipment in the hands of 
using organizations. 

(6) The maintenance request provides 
the means to request direct or general support 
maintenance, record the accomplishment of or- 
ganizational and direct and general support 
maintenance, report from all levels the accom- 
plishment of modification work orders on all 
Army materiel, submit equipment improvement 
recommendations and warranty claim actions, 
and serve as a source document for mainte- 
nance. These data are used to provide main- 
tenance information to all management levels. 

(7) The component removal and re- 
pair/overhaul, installation, movement, and con- 
dition report provides the means for recording 
and reporting data required to control selected 
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aircraft items; combat vehicle engines; and 
selected nuclear weapons, components, and 
parts. The data include but are not limited to 
identification and location of the item, current 
serviceability status, and major item of equip- 
ment on or from which the item is to be in- 
stalled or removed. This information is used to 
provide repair, control, and historical data for 
designated reportable items, whether installed 
or uninstalled. 

(8) The backlog status and workload 
accounting report provides the unit or organi- 
zation a record of the days their selected items 
of equipment were nonoperational for supply or 
maintenance at support maintenance levels. 
This record is used by all support maintenance 
activities to report to the owning unit orga- 
nization nonoperational supply or maintenance 
days for all materiel readiness items received 
on a maintenance request. 

c. Equipment Historical Records. These 
are historical records, in the form of equipment 
logs, relating to specific items of equipment. 
The individual record is a control device for 
the mandatory recording of events during the 
life cycle of equipment, including receipt, op- 
eration, condition, maintenance accomplished, 
and modification. The most important use of 
the equipment log is to provide Commanders 
with up-to-date information concerning the 
readiness of an item of equipment, the condition 
of the equipment, and the identification of 
equipment requiring the greatest maintenance 
effort. 

d. Ammunition Records. These records 
provide information and data related to the us- 
age, condition, and status of Army muni- 
tions-chemical and radiological ammunition 
materiel, conventional ammunition, and Class 
V munitions usually containing an explosive ele- 
ment and used in assembling complete missiles 
and rockets. Records also are maintained on 
other items used on guided missiles or rockets 
and on special explosive ordnance disposal tools 
and equipment. 

e. Calibration Records. The calibration 
data card provides a means for identifying in- 
dividual calibration standards and test and 
measuring equipment that requires periodic cal- 
ibration; a means for scheduling calibration 
services; a record of man-hours, repair parts, 

adjustments, and direct man-hours expended 
during the calibration effort; a report of cal- 
ibration accomplished; and a data source for 
management, operational, and equipment 
reliability information. 

8-/, /, / .3  Sample Data Collection 

The sample data collection program is a 
part of The Army Maintenance Management 
System designed to collect selected data for spe- 
cific equipments for a designated quantity or 
percentage of the total density to obtain repair 
and service data. Sample data will be obtained 
from specific units located in designated geo- 
graphical areas for a limited period of time. 
These data will be used by the equipment 
proponent for evaluating equipment perform- 
ance effectiveness. 

The objectives of sample data collection 
are to: 

a. Preclude the receipt of gross amounts 
of data at the national level. 

b. Provide for additional improvement of 
the maintenance management data system. 

c. Provide a means for collecting, under 
controlled conditions, valid data required to 
assess the performance effectiveness of Army 
materiel. 

d. Improve the quality, accuracy, and time- 
ly submission of data used in product improve- 
ments and performance assessments. 

e. Evaluate the adequacy of supply and 
maintenance support. 

/ Reduce the administrative processes at 
the data processing installation level and higher 
that are necessary to obtain maintenance man- 
agement information. 

g. Reduce the volume of maintenance man- 
agement data to a level that is consistent with 
the Army's resources to manage it. 

The Department of the Army policy per- 
taining to sample data collection is: 

a. Reduce interference with field oper- 
ations by limiting the number of reporting or- 
ganizations. - 

b. Restrict the flow of maintenance man- 
agement data to the command level that has 
the responsibility and capability to detect and 
resolve problem areas. 
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c. Obtain the minimum amounts of data 
to provide the confidence level essential to sup- 
port correct decision making processes at the 
equipment proponent and national level. 

d. Maintain the management visibility nec- 
essary at the DA level to restrict data flow 
and data interchange processes. 

e. Introduce sample data collection to all 
data collection processes at the national level, 
when possible, and allow for maximum field 
command analysis of field operational problems. 

/ Operate under an approved plan which 
contains: 

(1) Materiel identification 
(2) Nature of data to be collected 
(3) Method of collection to be used 
(4) Duration of collection period 
(5) Geographical location 
(6) Responsible activities 
(7) Availability   of data processing 

capability 
(8) Cost   estimate   and   cost- 

effectiveness justifications 
(9) Required confidence levels 

(10) Details concerning flow of data and 
performance of statistical and engineering 
analysis. 

g. Submit sample data collection plans de- 
veloped for equipment nominated for the ap- 
plication of sampling to Headquarters, DA, for 
approval. 

h. Limit sampie data collection programs 
to new equipment entering the Army inventory 
or to obtain specific current data on other 
selected items for life cycle studies and product 
or support improvement. 

i. Use only approved maintenance man- 
agement data forms to collect data required 
under the sample data collection program. 

The development of each sample data col- 
lection plan for each selected item of equipment 
shall: 

a. Provide a complete description of can- 
didate equipment items. 

b. Define the nature, purpose, use, and 
confidence level of the data to be collected. 

c. Define the parameters of the equipment 
informational characteristics desired (e.g., end 
items, components, assemblies, repair parts). 

d. Identify the essential elements of infor- 
mation to be collected and specify the data 
portrayed requirements. 

e. Specify the sampling technique and col- 
lection method to be used. 

/ Specify the duration of the sample data 
collection period. 

g. Identify geographical location(s) and 
units located therein best suited to fulfill the 
requirement. 

h. Determine the total density of the can- 
didate equipment item and specify the desired 
density to be sampled. 

/'. Determine the availability of financial 
and personnel resources. 

j. Provide a cost analysis of the sample 
data collection plan. 

k.  Identify the data flow. 

I Specify the methods of statistical and 
engineering analysis to be used. 

m. Identify the procedure to be used in the 
conduct of sample data collection (e.g., troop 
managed and operated, equipment proponent 
and troop operated, or any other possible com- 
bination of operations to include use of con- 
tractor assistance and technical representative 
personnel). 

n. Provide for the preparation of draft 
publications outlining details of the sample data 
collection program. 

o. Specify the method of monitoring sam- 
ple data collection to insure that stated goals 
and objectives are attained. 

8-1.1.2   logistic Support Analysis Data System (Ref. 
4) 

The logistic support analysis data system 
provides a standardized medium for systematic 
recording, processing, storing, and reporting of 
data resulting from logistic support analysis. 
The logistic support analysis record (the system 
data) identifies and describes support and test 
equipment; facility requirements; personnel re- 
quired by skill, type, and number; repair parts; 
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and quantification of maintenance and oper- 
ational needs. The data in the record relate to 
eight general categories: 

a. Operation and maintenance require- 
ments 

b. Reliability and maintainability charac- 
teristics 

c. Task analysis summary 

d. Maintenance and operator task analysis 

e. Support and test equipment or training 
materiel description and justification 

/  Facility description and justification 

g.  Skill evaluation and justification 

h.   Supply support requirements. 

Details of the logistic support analysis 
record are contained in par. 5-3. 

8-1.1.3   Depot MaintenanceCapability/Capacity 
and Engineering Data Report (CCEDR) (Ref. 
13) 

The depot maintenance capability/capacity 
and engineering data reporting system is an 
automated data reporting system which pro- 
vides data defining the capability of CONUS 
depot activities in terms of their physical 
resources, human resources, and available sup- 
port. These data are used in conjunction with 
other scheduling models and workloading pro- 
grams to aid in the management of mainte- 
nance programs and to provide information for 
depot maintenance resource management. 

Facility information provides data on each 
building or portion thereof in which depot main- 
tenance is performed. This'information includes 
age, cost, and type of construction; types of 
installed material handling equipment; lighting, 
heating, ventilation, air conditioning, and 
compressed-air facilities; and number and types 
of nonproduction areas and supporting 
buildings. Separate information pertaining to 
outside storage facilities and production and 
dock areas also is provided. 

Information on graphic aids—combined 
with applicable maps, plots, floor plans, and 
flow diagrams —provides a detailed view of all 
depot maintenance facilities. 

Information on maintenance equipment 
provides data for maintenance production 
equipment  and certain hand tools,   such  as 

torque  and  impact wrenches,  exceeding  a 
baseline acquisition value. 

Information on material handling equip- 
ment provides the number and types of mobile 
material handling equipment required for sup- 
port of the maintenance operations. 

Information on organization skills provides 
a file of the actual personnel assigned to each 
work center in depot maintenance. 

Information on service contract aids in the 
development of a required organic capability 
sufficient to support a specified percent of the 
mission essential material. 

Information on the work center reports 
those pieces of equipment not peculiar to end 
item or groups of end items, vital statistics of 
each work center, labor hours and production 
data, and man-hour standards, and identifies 
those pieces of shop equipment that are used 
specifically in the process of repairing or testing 
particular types of end items. 

8-1.1.4 Commodity Command Standard System 
(CCSS)(Ref.5) 

The commodity command standard system 
standardizes logistic functions at the wholesale 
level and provides an integrated data base for 
management reporting. The AMC Logistic Pro- 
gram Hardcore Automated (ALPHA) system is 
an element of the commodity command stand- 
ard system. The primary subsystems of ALPHA 
are supply management, maintenance, procure- 
ment and production, provisioning, stock con- 
trol, financial management, and cataloging. The 
purpose of the system is to provide for an in- 
tegrated data base that permits consolidation 
-of data files, elimination of redundancies, pin- 
pointing of responsibility/ownership, stand- 
ardization of data elements, single-set access 
programs, and a full-range capability. 

The key functional features of each of the 
subsystems are: 

a. Supply management provides program 
data applicable to a commodity; historical data 
for analysis purposes; automated supply control 
study/decision data; automatic furnishing of 
assets and requirements to the applicable com- 
mand, processing offers of excess stocks, and 
responding to requirements from other services;' 
supply control study history; automatic com- 
putation  of standard prices,  line item budget 
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computation,  computation  of mobilization  re- 
quirements; and inventory stratification. 

b. Maintenance provides data in reference 
to maintenance planning; i.e., man-hours, cost, 
piece part consumption, and other historical 
data related to programming; overhaul con- 
sumption data used in forecasting quantities of 
repair parts required to support programmed 
maintenance; piece part system data with which 
to compute bit and piece requirements to sup- 
port depot level maintenance programs, and 
depot maintenance part requirement lists as re- 
quested. 

c. Procurement and production provide for 
automated commitment of funds and generation 
of procurement work directives, semiautomatic 
generation of purchase orders, automatic prep- 
aration of delivery orders, communication with 
other agencies by military standard contract ad- 
ministration procedures, internal ordering and 
control by means of a work order reporting and 
communication system, and the status of 
procurement work directives through the pre- 
award phase. 

d. Provisioning provides for part number 
screening and the machine interface from in- 
dustry to Army engineering efforts through 
Federal cataloging processes, item entry into 
the stock number master data record, 
identification of common use items, item ap- 
plication data, information required for prep- 
aration of the test portion of repair part and 

■ special tool lists, and automated computation 
of the initial provisioning requirements based 
on industry recommendations for initial part re- 
quirements, as modified "by engineering and 
commodity management personnel. 

e. Stock control provides for precise req- 
uisition control, decision making in regard to 
requisition processing, automatic back order es- 
tablishment and back order release, mechanical 
preparation of related supply performance re- 
ports, automatic military standard requisition 
and issue procedure processing and notifica- 
tions, mechanical surveillance of manual ac- 
tions to monitor the activities of individuals 
when final processing within the machine is 
not possible, station excess reports, inventory 
details, and establishment of inventory require- 
ments. 

f. Financial management provides the pro- 
cesses required for the control of procurement 
and stock funds; daily ledger maintenance; in- 
tegration of supply, procurement, and financial 
processing, based on single data input to the 
system; automatic fund certification on special 
requisitions and on procurement actions, flex- 
ibility in stock fund control, and automatic bill- 
ing of the commodity command's customer; and 
automated generation of all of the related pe- 
riodic financial reports. 

g. Cataloging provides for initial estab- 
lishment of a record within the stock number 
master data record, extensive number 
identification (i.e., part number to a prime stock 
number or a substitute stock number); 
collaboration and review prior to the estab- 
lishment of a line item; and communications 
between the particular system and major 
logistic service centers. 

8-1.1.5  System-wide Projectfor Electronic 
Equipmentat Depots, Extended(SPEEDEX) 
(Ref. 7) 

SPEEDEX is the acronym for System-wide 
Project for Electronic Equipment at Depots, Ex- 
tended. Except for the word "extended", the 
acronym is the same as SPEED-a second gen- 
eration standard computer system used within 
the U S Army Materiel Command (AMC) depot 
structure for more than 7 yr. 

Officially, the term "extended" means two 
things. First, it represents the extension of 
standard automatic data processing (ADP) 
equipment and standard procedures and com- 
puter programs from the 9 original SPEED 
depots to 11 depots. Letterkenny, Tobyhanna, 
Sacramento, Sharpe, Pueblo, Red River, Tooele, 
Anniston, and Lexington comprised the SPEED 
depots. Added under SPEEDEX were New 
Cumberland Army Depot and Corpus Christi 
Army Depot. Second, SPEEDEX means exten- 
sion of standardized computer systems to all 
feasible depot functions. 

"Extended" means extension of computer 
and communication capabilities and system de- 
sign techniques which resulted in the following 
advantages: 

a. Uses third generation computer equip- 
ment 
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b. Provides   for  remote   processing 
capabilities 

c. Reduces   or  eliminates   card   and 
magnetic tape output 

d. Reduces output listings 

e. Uses microfilm and micrographics 

/  Provides for multiprogramming 

g.  Provides for increased immediate access 
to stored data 

h. Provides for integrated files 

i  Uses materiel receipt control system 

j.  Uses depot maintenance mathematical 
scheduling model 

k.   Provides for integrated system process- 
ing 

I. Provides for real-time retrieval of op- 
erational and management information. 

SPEEDEX is an assemblage of standard 
computers, remote input and output devices, 
and  standardized functional procedures   and 

computer programs designed to accomplish or 
assist in accomplishing the AMC depot missions 
of receiving, storing, issuing, and overhauling 
materiel and providing related support func- 
tions on a centralized computer programming 
and centralized computer program maintenance 
basis. SPEEDEX covers some 16 logistic and 
support functions (see Table 8-1) at AMC 
depots, ranging from receipt and processing of 
materiel release orders to pay of employees. The 
equipment configuration at a remote site varies, 
depending upon such factors as volume and 
type of input and output, nature of the function 
being served, and number of systems supported. 
Remote installation equipment consists of a 
cathode-ray tube with keyboard, typewriter, 
card reader, card punch, and line printer. 

8-2 DATA COLLECTION AND  FLOW 
PROCESS 

In performing its function, maintenance 
engineering utilizes a wide variety of data 
throughout a materiel life cycle.  Some of the 

TABLE 8-1.  SPEEDEX SUPPORT FUNCTIONS 

Depot supply distribution systems: 
Materiel release order processing 
Storage management 
Ammunition surveillance 
Quality assurance 

Depot maintenance and financially oriented systems: 
Maintenance production planning and control 
Expense appropriation management/Army 
Industrial fund for maintenance 
Defense integrated management engineering system 
AMC installation division—stock fund 
Procurement history 
Installation supply accounting 
Facility engineering work management 
Payroll and leave accounting 

Depot control systems: 
Calibration 
Management of installation operating equipment 
Accounting for in-use nonexpendable property 
Civilian personnel management information system 
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types of data that are used are described in 
par. 8-1.1. Other data come from user com- 
mands, military specifications and standards, 
materiel development tests and evaluations, 
contractor activities, and the scientific 
community. All of the data are used to in- 
fluence design, develop a support subsystem, 
and improve the design and support of deployed 
materiel. 

Some types of data are useful throughout 
a materiel life cycle, while others have appli- 
cation to some limited number of life cycle 
phases. An example of the first case is his- 
torical experience with similar materiel. Such 
experience data are useful in new materiel from 
the conceptual phase through the deployment 
phase. On the other hand, once production is 
under way, there would be little use for con- 
tractor engineering test data on new materiel; 
therefore, such data essentially are used last 
during the development phase. 

Fig. 8-1 depicts the sources of several types 
of data important to maintenance engineering 
and the timed utilization of the data. The data 
largely are described in generic terms. For ex- 
ample, maintenance management and depot 
management data, taken together, are consid- 
ered to include all data resulting from the op- 
eration and support of deployed materiel. Sim- 
ilarly, Army test reports are considered to in- 
clude all Army test and evaluation reports 
through the production phase. The figure shows 
that data from the using command, formal data 
systems, military specifications and standards, 
and Army studies are available and are used 
throughout a materiel life cycle. Army test re- 
ports and industry standards are used last dur- 
ing the production phase. The remaining data 
are used last during the development phase. 

Some of the data paths in Fig: 8-1 rep- 
resent two-way flows. For example, the using 
command provides requirement and experience 
data and receives planning data, and the formal 
data systems provide and receive planning data. 
Also, since production frequently overlaps 
deployment, data from deployed materiel may 
indicate the need for on-line improvements of 
identical items that are still in the production 
process. 

It may be seen that normally there is an 
abundance of data during a materiel acquisition 
program. There is little opportunity for the mis- 
use of data generated by materiel being devel- 
oped, maintenance engineering analysis data, 
maintenance evaluation data, engineering test 
data, etc. The opposite is true in the case of 
maintenance management and other historical 
data. Before applying these data, maintenance 
engineering must insure that the data are both 
valid and applicable to the case at hand. The 
data must be derived from deployed materiel 
that is similar to the materiel being developed, 
and must represent an overall situation rather 
than isolated incidents. Moreover, the use and 
support environment of the deployed materiel 
must be reasonably representative of the en- 
vironment anticipated for the new materiel. 

8-3 TRADE-OFFS 

A trade-off is defined as a quantitative 
analysis of competing system characteristics 
and factors to determine the optimum overall 
combination. Simply stated, it is a comparison 
of two or more ways of doing something to 
make a decision. Trade-offs are conducted to 
some degree of complexity and detail in all 
phases of materiel acquisition, and are used to 
obtain, within the operational and performance 
requirements, an optimum balance among total 
cost, schedule, and operational effectiveness. 
Operational effectiveness combines the features 
of performance, reliability, maintainability, and 
support. 

The primary objectives of trade-offs are to 
investigate the relative advantages of various 
concepts or configurations, provide data and 
background for the feasibility of a program, 
provide a basic medium, with facts, by which 
decisions can be made by management, and 
substantiate or justify a decision. 

The trade-off must consider all the factors 
and not present only those advantageous to 
some prejudiced viewpoint. The incomplete 
trade-off study can present shaded facts that 
will lead to decisions that will be detrimental 
in terms of life cycle cost when the materiel 
becomes operational. 
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Trade-off categories, procedures, and com- 
puter aids are discussed in the following sub- 
paragraphs: 

a. Categories of Trade-offs. Trade-offs con- 
ducted or participated in by maintenance en- 
gineering can be classified into three major cat- 
egories: design philosophy, maintainability de- 
sign trade-offs, and maintenance support trade- 
offs. 

In each case, the advantages and dis- 
advantages in terms of effect on operational 
effectiveness and life cycle cost are considered. 
Table 8-2 summarizes the types of trade-offs, 
the hardware level considered, the phase of the 

life cycle, the input requirements, and the out- 
put of each category trade-off. 

Trade-offs usually are conducted between 
maintenance and support parameters, with op- 
erational parameters remaining constant. This 
is not to say that operational parameters are 
never traded off. Range, payload, operational 
availability, etc.,. are subject to trade-offs dur- 
ing the conceptual phase and to a lesser degree 
in the validation phase. After that time, they 
become established as firm operational require- 
ments that must be satisfied by subsequent 
maintenance and support parameter trade-off 
candidates. 

TABLE 8-2. TRADE-OFF SUMMARY 

Types of Level and Input 
Trade-off Phase Example Requirements output 

Design philosophy Top-level system Conducted to determine Equipment locations Selection of subsys- 
Conceptual phase type of design in terms and quantities tem/end item types 

Basicallv systems con- 
of category or class: Equipment environ- Preliminary mainte- 

ducted trade-off im- Analog vs digital ment and usage rates nance concept 

pacted with mainte- Electromechanical vs Reliability information 
nance considerations hydraulic Constraints from re- 
Conducted prior to Manual vs automatic quirement statements 
maintainability design Results of higher level 
trade-offs analyses or trade-offs 

Previous decisions 

Cost data 

Maintainability de- 
sign 

Lower level subsystem 

Validation and devel- 
opment phases 

Conducted prior to final 
design 

Exception trade-offs: 
conducted when ex- 
ception to a previously 
established main- 
tainability requirement 
is proposed in design 

Optimization trade-offs: 
conducted for each sys- 
tem/subsystem to 
select optimum config- 
uration: 

Fault isolation 
method 

Maintenance concept 

As previously listed Selection of optimum 
configuration for sub- 
system/end item, etc.. 
in terms of design 
features 

Design concept 

Maintenance concept 

Maintenance sup- 

port 

Detailed level 

Development phase 
Conducted after design 
is firm 

Conducted to determine   As previously listed 

optimization of support 
for system rather Than 
hardware design 

Maintenance concept 

Maintenance plan 
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The types of maintenance parameters that 
are traded off are diagnostics, mechanical and 
electronic packaging, reliability, accessibility, 
etc. A maintenance parameter trade-off normal- 
ly involves a consideration of support param- 
eters, because maintenance parameter can- 
didates usually impact support resources, and 
it is necessary to determine the impact and con- 
vert the support resources into costs. In order 
to make a decision, these costs are considered 
along with the research and development and 
initial acquisition costs generated by each main- 
tenance parameter candidate. 

Unlike maintenance parameter trade-offs, 
support parameter trade-offs can be conducted 
somewhat independently. Given operational and 
deployment requirements and a fixed materiel 
design, trade-offs can be conducted among per- 
sonnel, repair parts, publications, and other 
support resource requirements associated with 
various support candidates. In most cases, these 
trade-offs are used to optimize decisions 
reached during maintenance parameter trade- 
offs. Therefore, it is the maintenance parameter 
trade-offs that have the most significant impact 
on support resource requirements and con- 
sequently on life cycle costs. 

b. Trade-off Procedure. Trade-offs normal- 
ly require the participation of several functional 
disciplines for appreciable periods of time. To 
make most efficient use of the personnel 
resources involved, it is prudent to follow a sys- 
tematic procedure such as the one outlined in 
the subparagraphs that follow. 

The major steps of the trade-off procedure 
are to establish integration and control, gather 
constraints and identify system requirements, 
select candidates, compile data (quantitative 
and qualitative), document and calculate, 
analyze results, produce reports, and obtain ap- 
proval. 

(1) Establish Integration and Control. 
This step establishes the overall approach to 
the trade-off, and the responsibility and sched- 
uling to insure effective and timely results. 
Since the required data are generated or de- 
veloped from various sources (finance, engineer- 
ing, procurement, maintenance engineering, 
reliability, maintainability, etc.), it is essential 
to establish an authoritative source (task leader) 
for coordination of the effort. 

The major tasks are to identify partici- 
pants and responsibility, establish data sources 
and requirements, establish dimensions for 
data, and schedule inputs and outputs. 

The definition of purpose, approach, and 
data requirements is an essential building block 
in the conduct of a trade-off. Early definition 
insures that data inputs are usable as submit- 
ted, correct, and in consonance with other data 
inputs. A common basis must be established 
that will allow rapid comparison of advantages 
and disadvantages. The data base most easily 
understood is the dollar, and this data base has 
the advantage of establishing a cost- 
effectiveness comparison. 

(2) Gather Constraints and Identify 
System Requirements. The constraints imposed 
on the system pertaining to deployment, uti- 
lization, equipment quantities, acquisition or 
support cost, maintenance concept, maintenance 
resources, maintenance time, availability, etc., 
should be identified at this time. The con- 
straints may result in the elimination of some 
tentative candidates due to noncompliance. This 
elimination avoids extensive and often mean- 
ingless trade-off effort. 

The requirement for trade-offs is limited 
by the depth and definitiveness of the system 
specification. For example, if the specification 
states that an electromechanical system has 
fault isolation by built-in test equipment to a 
discard-at-failure maintenance plug-in module, 
a module cost of not more than $50, a mean 
time to repair of 15 min, and a mean time 
between failures of 700 hr, the following trade- 
offs are eliminated: hydraulic versus electro- 
mechanical, repair versus throwaway, optimum 
level of repair, external versus built-in test 
equipment, and a compromise between mean 
time to repair and mean time between failures 
to achieve a stated availability. 

(3) Select Candidates. Based upon pri- 
or identification of the system constraints and 
data bank information, the feasible candidates 
for either a design philosophy trade-off, main- 
tainability trade-off, or maintenance support 
trade-off may be identified. An adequate de- 
scription of each candidate is required to insure 
that all participants in the trade-off study can 
develop their input data adequately and on a 
common understanding of candidate configura- 
tion.   The  baseline  maintenance   concept, 

8-13 



AMCP  706-132 

reliability data, hardware cost, utilization con- 
cepts, and manufacturing and production tech- 
niques are types of information required for 
general dissemination. For example, the 
reliability analyst requires a system description 
from the system or design engineer to perform 
failure rate predictions, the maintainability 
analyst requires the failure rates to perform 
apportionments and predictions, the mainte- 
nance analyst requires the failure rates to de- 
termine repair part requirements, etc. Each 
candidate must be analyzed to assure that it 
meets or exceeds the operational requirements 
and system constraints. 

(4) Compile Data (Quantitative and 
Qualitative). The participants who are respon- 
sible for supplying data inputs into the trade-off 
must compile quantitative and qualitative data 
as required to satisfy the data base require- 
ments. The compilation of data is not an in- 
dependent function. There is an interflow of 
data among participants, and this effort must 
be scheduled to insure the availability of all 
data from all participants at the scheduled 
time. 

(5) Document and Tabulate. The data 
developed and submitted by the participants in 
the trade-off should be documented and 
tabulated in a clear, concise, and orderly man- 
ner. The cost categories previously identified 
collectively include all costs that would affect 
a cost trade-off decision. These categories are 
combined under the major classification of ac- 
quisition, installation, operational and mainte- 
nance, or support costs. Availability of cost data 
on the baseline system may be restricted or 
nonexistent. In this case, the candidates may 
be assigned best estimate cost deltas in rela- 
tionship to each other. 

(6) Analyze Results. The results of the 
trade-off should be analyzed to determine the 
cost versus system effectiveness relationship or 
availability per dollar cost expenditure. Total 
cost utilized alone, unless all other factors are 
equal, should not be the firm basis for system 
selection. The increase in reliability, decrease 
in maintenance time, future growth potential, 
and performance are areas in which large im- 
provement may be recognized in relation to 
slight increase in total cost. In addition, the 
analyst should perform   parametric  (or sensi- 

tivity) analysis, identify additional data require- 
ments, and evaluate compliance with require- 
ments. 

Variance in data may impact the results 
of the study. A parametric analysis should be 
conducted which varies such factors as equip- 
ment quantities and range of mean time be- 
tween failures to facilitate the rapid comparison 
of effects of changes on total system cost or 
concepts. The variance and parameter selected 
should be based on foreseeable realistic equip- 
ment demands or trends. 

The requirement for additional data may 
result when trade-off results show no signifi- 
cant difference among candidates. In these 
cases, the data and information should be re- 
examined to determine if a more comprehensive 
analysis of these candidates can be conducted. 

The candidates should be evaluated in rela- 
tionship to their degree of compliance with the 
requirements. In this respect, the analyst 
should consider the cost/system effectiveness 
relationship with respect to strict compliance 
with or exceeding the stated requirements. 
Risks should be considered and identified. 

(7) Produce Report and Obtain Appro- 
val. The report presented to management for 
approval should be in a standard format. The 
format should present a summary of the report 
and, in addition, provide the detailed 
background or backup data used in the prep- 
aration for further analysis, if required. 

Concurrencelby management with the rec- 
ommendations of the trade-off will result in the 
incorporation or implementation of the hard- 
ware design philosophy, maintainability design 
feature, or maintenance support concept for the 
system. The trade-off procedure is an iterative 
process, and trade-offs are updated as addition- 
al data become available; however, trade-offs 
should be considered final when they have 
resulted in final decisions and implementation 
of design or support concepts to such an extent 
that cost or schedule would be affected 
detrimentally by reversal of decisions. 

c. Computer Aids. The development of 
computer programs should be considered to aid 
in the conduct of trade-offs. The data used in 
trade-offs during equipment concept, validation, 
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or development may comprise constantly chang- 
ing parameters. The effect a change in one vari- 
able has on total system cost or on the per- 
formance characteristics may be negligible, or 
it may be quite significant. In the case of a 
reliability (failure rate) change, the impact has 
a mushrooming effect. The operational and 
maintenance parameters such as availability 
and mean corrective time, and the support pa- 
rameters (due to impact on support features 
such as repair part quantities, personnel re- 
quirements, or maintenance labor) are all af- 
fected by a reliability change. 

The need for computer program devel- 
opment depends upon the time frame of the 
program, the magnitude and complexity of the 
equipment, the magnitude of trade-off require- 
ments, the detail of data to be available, and 
the program budget. 

Basically, computer models for trade-offs 
are divided into two major categories: compu- 
tation and simulation. 

The computational model is developed to 
use the computer capability to perform the ex- 
tensive computations involved in the procedures 
for prediction, performance, evaluation, and to- 
tal life cycle costing. This assures that exactly 
the same computational procedure is used for 
each candidate and eliminates computational er- 
rors. 

The simulation model is developed to per- 
form a simulation of system operation over its 
entire life cycle. From the simulation, statistics 
are developed that isolate critical support, 
reliability, and maintainability elements and 
identify profitable areas of improvement. The 
simulation also provides quantitative output in- 
formation suitable for direct input to system 
and cost-effectiveness models. 

8-3.1   USES OF STATISTICAL PROCEDURES TO 
EVALUATE TRADEOFF ALTERNATIVES 

Acceptable trade-off candidates must meet 
or exceed materiel operational requirements 
throughout the materiel life cycle. Since the 
normal materiel life cycle is considered to be 
5 to 10 yr or more, it is desirable to examine 
the effects of combinations of maintenance and 
support parameters on materiel availability over 
a period of years to determine if the combina- 
tions are suitable candidates. There are two 
basic  ways  to   accomplish  the  long-range 

estimate. One is to use reliability and main- 
tainability, and other data in a deterministic 
manner. The other is to use these data in a 
manner that permits them to reflect their 
results in a statistical manner. 

8-3.1.1   Deterministic Approach 

In the deterministic approach, the analyst 
accomplishes all calculations with average Val- 
ues. For example, if an item being analyzed 
has a mean time between failures of 6 months 
and a mean time to repair of 2 hr, the 
deterministic approach shows that the item will 
be down for maintenance for 2 hr, every 6 
months. If there are 100 items, it is estimated 
that there will be 200 failures per yr, or ap- 
proximately 17 per month, or roughly one fail- 
ure every other day, with 2 hr of maintenance 
for each failure. This approach makes for an 
easy calculation; however, it is almost a certain- 
ty that the failures will not occur according 
to the predicted schedule. Rather, they will oc- 
cur in a random manner—five one day, none 
for the next 3 days, one the next day, etc.-to 
provide an average of one failure every other 
day over a long period of time. 

8-3.1.2  Statistical Approach 

To plan effective economical materiel sup- 
port, maintenance engineering must know the 
probable distributions of failures by hour, day, 
etc., throughout the materiel life cycle. Such 
a distribution permits an analysis of the peaks 
and valleys in maintenance resource require- 
ment demands, and a determination of the ef- 
fect of various quantities of resources on 
materiel availability. Normally, the analysis 
demonstrates that resources should be provided 
to support a maintenance workload less than 
the largest of the peak demands and greater 
than that indicated by the average failure rate. 

Probable materiel failure rate distributions 
can be calculated manually with the assistance 
of random number tables, but the task is 
tedious and time consuming. A method more 
commonly used to obtain such statistical data 
is dynamic simulation. This process involves the 
use of a computer and one of several computer 
languages. Once the program is written for a 
particular materiel system, operational and sup- 
port statistical data spanning years of simu- 
lated operations may be obtained in a matter 
of minutes. 

8-15 



AMCP  708-132 

A dynamic simulation model can be con- 
structed to accommodate any level of detail 
warranted by the analysis to be made and the 
data available. A typical model and program 
will reflect the planned number, types, and 
locations of both the deployed materiel and the 
support resources. Failure rates and corrective 
maintenance time distributions for the materiel 
and support equipment are entered, as well as 
preventive maintenance times and schedules. 
The materiel is operated according to a pre- 
scribed scenario, fails randomly rather than 
deterministically, and is repaired in varying 
lengths of time. The model and computer pro- 
gram contain logic that permits a maintenance 
resource to be used only when it is not engaged 
in some other activity, and according to pre- 
determined priorities. Preventive maintenance 
also is accomplished according to predetermined 
priorities. The time of each activity is recorded 
in a manner that permits conversion to calendar 
time. 

A typical computer printout of a program 
run will show when materiel was available, 
when it was down for maintenance, how long 
it waited for maintenance, etc. It will also show 
when tools, test equipment, facilities, personnel, 
etc., by individual item or person, were being 
used, what they were engaged in, when they 
were idle, etc. In short, a model can be con- 
structed and programmed to provide predicted 
data for virtually any data that may be ac- 
quired from the operation and maintenance of 
a deployed system. 

8-3.1.3  Statistical Example 

A simulation model for an Army missile 
system will be described to demonstrate the ad- 
vantages of dynamic simulation. The basic flow 
of the model is shown in Fig. 8-2. The purpose 
of the model is to determine the operational 
effectiveness to be realized from various 
combinations of maintenance and support pa- 
rameters. 

The inputs to the model were: 
a. Countdown frequency 

b. Countdown type distribution 

c. Probability of countdown success 

d. Failure impact on system availability 

e. Percent of failures repaired at site 

/ Supply and administrative times 

fir. Float turnaround time 

h. Mean active repair time 

i. Repair time distribution 

j. Mean active replace time 

k. Replace time distribution. 

The model in Fig. 8-2 provides for two 
types of countdowns. The input data provide 
for random selection of the type and for random 
successes and failures. If there is a failure, sys- 
tem availability is impaired, and a repair or 
replace maintenance action is generated. Re- 
place actions are further divided into float and 
nonfloat replacements. A record is kept of all 
maintenance, supply, and administrative time 
required to return the failed item to service. 

Typical outputs of the model are: 

a. Availability 

b. Percent of target coverage by missile 

c. Total failures during simulated period 

d. Number of failures of each end item 

e. Float demand by end item 

f. Float demand when no float is available 
g. Percent of time no working float is 

available 

h. Mean downtime due to unavailability of 
float 

i. Mean repair time without supply and 
administrative time by end item 

j. Mean repair time with supply and ad- 
ministrative time by end item 

k. Mean replace time without supply and 
administrative time by end item 

I. Mean replace time with supply and ad- 
ministrative time by end item. 

It will be noted that models such as the 
one described are concerned only with oper- 
ational effectiveness. The models can be built 
and programmed to provide costs for each 
alternative, or costs can be calculated separate- 
ly- 

8-3.1.4  Engineering Judgment Approach 

The systematic application of the judgment 
of a group of experienced personnel for making 
a selection from alternate problem solutions is 
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an elementary application of statistical proce- 
dures. In such cases, years of experience data 
are manipulated mentally, and applicable 
statistics such as an estimated mean or eval- 
uation rating result. This approach to decision 
making is rapid and economical. The accuracy 
of the approach is a function of the experience 
and objectivity of the participating personnel. 

In this approach, the most significant pa- 
rameters involved in a decision are selected and 
weighted in terms of importance to the final 
solution. The degree to which each parameter 
satisfies solution requirements  is then  estab- 

lished with regard to some established scale, 
this value is multiplied by the weight factor, 
and resulting values are summed. The solution 
with the most favorable sum is selected. 

Table 8-3 contains an engineering judg- 
ment type of trade-off. The purpose of the 
trade-off was to select the most effective quick- 
access splice for an Army missile. A baseline 
configuration had been established during the 
validation phase, but further study revealed 
that the baseline did not meet established time 
requirements for missile mating operations. 

TABLE 8-3.   ENGINEERING JUDGMENT TRADEOFF 

1 OBJECTIVE 
To select a missile splice method. 

2. ALTERNATIVES 
a. Spline splice (baseline) 
b. Internal interdigitated teeth ring assembly (alternative 1) 
c. External interdigitated teeth ring assembly (alternative 2) 
Of. Internal expansion ring (alternative 3) 
e. Vee band (alternative 4). 

3. EVALUATION PARAMETERS 
Mating time is a prime consideration. The weight of the missile is critical, as 
it affects range; therefore, splice weight is also critical. Other factors to be con- 
sidered are cost, design margin, technical risk, ground support equipment, logistics, 
and human factors. 

4. WEIGHT FACTORS 
Weight factors are established for the evaluation parameters as shown in the trade- 
off matrix (at end of table). These factors are assigned based on engineering judg- 
ment and the mutual agreement of trade-off participants. Participants represent 
the functions of system engineering, reliability, maintainability, maintenance en- 
gineering, support elements, finance, human factors, and manufacturing. The term 
"logistics" in the trade-off matrix represents both maintenance engineering and 
the support elements. A weight of 10 is assigned to the time and weight parameters. 
Lesser weights, as shown, are assigned to the other parameters. 

5. MATRIX 
The trade-off matrix shows measurement units for evaluation parameters, when 
applicable. The "Weight Factor" column contains quantitative, qualitative, and 
weight factor lines. The quantitative lines contain estimated values, the qualitative 
lines contain scoring values from 0 through 10, and the weight factor lines contain 
the product of the weight factor and the scoring value. The qualitative values 
are assigned based on the degree to which the parameter satisfies the requirement, 
with 10 being the highest possible score. A 0 in any column indicates unacceptability 
of the candidate with regard to the indicated parameter. Therefore, the candidate 
total is listed as 0, regardless of the values generated by it and the other parameters. 
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TABLE 8-3.   ENGINEERING JUDGWENT TRADEOFF (Cont'd) 

6. QUANTITATIVE AND QUALITATIVE VALUES 
Quantitative values for time, weight, cost, and design margin were developed as 
follows: 

a. Time. Times were derived from recorded data and analysis. The time for the 
baseline was obtained from tests that had been conducted on an existing, 
similar configuration. Time line analysis was used for the other candidates. 
Alternative 3 was abandoned at this point in the trade-off since it was de- 
termined that it was unsatisfactory with regard to time. However, prior to 
this decision, certain other alternative 3 data had been generated, and are 
included in the matrix. 

b. Weight. Weights were calculated with dimensional and material data obtained 
from conceptual drawings. 

c. Cost. Costs were based on estimated manufacturing and material costs. 
d. Design Margin. Design margin refers to the design safety factor and was 

derived from an analysis of material and conceptual design data. 
Qualitative values for each parameter were developed by appropriate functional 
groups. For example, human factors, maintainability, and maintenance engineering 
assigned a value for time, maintenance engineering and the support elements as- 
signed a factor for logistics, etc. Each person participating in the evaluation of 
a parameter assigned a qualitative value between 0 and 10, and the sum of the 
values was averaged and entered into the matrix. 

7. SUMMARY 
Weight factors were multiplied by scoring values, and the results were summed 
as shown in the trade-off matrix. Alternative 3 had been eliminated previously 
because of excessive time requirements. The baseline alternative was eliminated 
for the same reason. Alternative 4 was eliminated because of excessive time re- 
quirements and an unacceptable design margin. The study, therefore, results in 
the selection of alternative 1 on the basis of a total qualitative factor of 210 
as compared to 176 for alternative 2. 

TRADE-OFF MATRIX 

Alternative Candidates 
Evaluation Weight 
Parameters Factor Baseline 1 2 3 4 

Time, min Quan 3 to 5 0.5 to 1 0.5 to 1 — 2 to 4 
Qual 0 5.0 5.0 — 0 
10 0 50 50 — 0 

Weight, lb Quan 20.3 17.3 45.6 55.0 37.8 
Qual 4.9 5.8 2.2 1.8 2.6 
10 49 58 22 18 26 
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TABLE 8-3.   ENGINEERING JUDGMENT TRADEOFF (Cont'd) 

TRADE-OFF MATRIX (Cont'd) 

Alternative Candidates 
Evaluation Weight 
Parameters Factor Baseline 1 2 3 4 

Cost, $/splice Quan 1170 1799 1889 1323 1626 
Qual 8.5 5.5 5.2 7.6 6.2 
5 43 28 26 38 31 

Design margin Quan 0.23 0.39 0.15   0 
Qual 1.23 1.39 1:15   0 
4 5 6 5   0 

Technical risk Qual 3.0 1.0 2.0 0 3.0 
5 15 5 lo — 15 

GSE considerations Qual 2.0 5.0 5.0 3.0 4.0 
3 6 15 15 9 12 

Logistics Qual 5.0 7.0 8.0   9.0 
3 15 21 24 — 27 

Human factors Qual 4.0 9.0 8.0 _«.- 6.0 
3 12 27 24 — 18 

Totals 0 210 176 — 0 

The following basic steps were followed in 
conducting the trade-off: 

a. Identify the alternatives. 

b. Determine evaluation parameters. 

c Determine weight factor assignment, 
cf. DeveloD matrix. 
e- Establish quantitative and qualitative 

values. 
/  Summarize results. 

The example trade-off considered cost as 
an evaluation parameter; therefore, it is, in ef- 
fect, a cost-effectiveness trade-off. This type of 
trade-off is particularly valuable when only con- 
ceptual data are available for many candidates, 

and there is an urgent requirement to narrow 
the field and concentrate on a limited number 
of candidates. 

8-3.2   TRADEOFFS BASED ON DATA ANALYSIS 

The validity of a trade-off depends upon 
two basic factors: identification of all activities 
and resources impacted by each Gf the trade-off 
candidates, and the assignment of proper quan- 
titative values and qualitative considerations to 
the impacted parameters. Identification of the 
impacted parameters is normally straight- 
forward. Essentially, a consideration of design, 
development, and acquisition requirements will 
identify all significant cost generators involved 
with the basic  hardware. Application  of the 
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materiel support plan to the planned deploy- 
ment scenario then will assist in identifying 
significant support resource requirements. 
When new support and test equipment is re- 
quired, applicable design, development, and ac- 
quisition costs again enter the picture. 

The real trade-off problem concerns the 
second factor, which is the assignment of quan- 
titative values and qualitative considerations, 
particularly quantitative values. For example, 
what are the reliabilities and mean times to 
repair of the candidates, what are the devel- 
opment and acquisition costs, what are the re- 
pair part costs, what is the operational avail- 
ability, etc.? Many of these and other values 
that must be calculated or estimated for new 
materiel are based on a combination of per- 
formance data accumulated in data systems 
for existing materiel, and on predictions. For 
example, the predicted reliability of materiel in 
the conceptual phase is based on performance 
data accumulated from other like materiel and 
components, and from design analysis. After 
the new materiel is deployed, the predicted 
reliability of a modification is based on the pre- 
viously identified factors, plus data acquired 
during the development and deployment of the 
new materiel. Similar statements apply to the 
derivation of maintenance times and costs. 

Qualitative considerations frequently do 
not enter a trade-off decision. However, when 
the difference in costs is not significant, it is 

necessary to consider qualitative factors. An ex- 
ample is a situation in which candidate A is 
slightly more costly than candidate B, but the 
latter involves some state-of-the-art devel- 
opment. A logical choice would be candidate 
A, because any development problems with can- 
didate B undoubtedly would result in a signifi- 
cant cost increase of the trade-off estimate. 
Other examples of qualitative considerations are 
contained in par. 8-3.2.2. 

Two examples of typical trade-offs are dis- 
cussed in the paragraphs that follow to dem- 
onstrate the complexity of trade-offs, param- 
eters that must be considered, parameter inter- 
faces, and how quantitative values are assigned 
to the parameters. Some of the cost factors, 
such as labor rates and supply management 
costs used in the trade-offs, are not current, 
but this does not negate the purpose for which 
the examples are presented. 

8-3.2.1   Discard-at-FailureMaintenance or Repair 
Trade-off 

Table 8-4 presents a trade-off that was 
conducted to determine whether it is more eco- 
nomical to discard or to repair certain failed 
printed circuit cards in end items that are a 
part of an Army missile weapon system. The 
trade-off is conducted in two ways: method 
I is a conventional trade-off, and method II is 
a parametric trade-off. 

TABLE  8-4.   DISCARD-AT-FAILURE MAINTENANCE  OR   REPAIR  TRADE-OFF 

PURPOSE 

The purpose of this study is to determine whether the maintenance concept for printed 
circuit cards should be discard-at-failure maintenance or depot repair. 

APPROACH 

This study was conducted in the following manner: 

1. The failure rates and operating times of the printed circuit cards were used to 
determine the failures for a 5-yr period. As an example, the current driver card 
has a predicted failure rate of 181.420 per 106 hr (see Chart II), which gives a 
mean time between failures of 5512 hr. The estimated operating time of the 106 
end items considered is 769,600 hr over a 5-yr period. Dividing the mean time 
between failures into the estimated operating time gives 139.6 failures, which is 
the number of predicted failures that this card will experience. (NOTE: Fractions 
of card failures one-half or greater were rounded off to the next whole number.) 
The product of the number of failures (140) and the cost of the card ($435.00) 
is the discard cost for that card for 5 yr. This was repeated for each of the 19 
cards. 
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TABLE 8-4.  DISCARD-AT-FAILURE MAINTENANCE OR  REPAIR TRADE-OFF (Cont'd) 

2.      Repair cost considerations were as follows: 

a. Cost of replacement parts 
b. Cost of depot labor and overhead 
c. Cost of transportation 
cf.   Cost of publications 
e.   Cost of depot tooling 
/    Cost of entering and maintaining line item piece parts in the Army system 
g. Cost of on-vehicle materiel and system repair parts were considered from the 

standpoint of the present system of supply stockage; this results in the same 
initial costs for repair parts in either concept. 

Two methods were used to determine which philosophy-discard at failure or re- 
pair-was to be followed: 
Method I. The total cost of failures was determined by finding the predicted failures 
of each card, multiplying this by the cost of that card, and summing the products. 
This was compared to the sum of items 2« through If, which is the repair cost. 
Method II. A math model was derived and the graph (Fig. I) was formulated (using 
data from Method I). This determines the maximum average cost of the printed 
circuit cards that could be justifiably discarded for various numbers of failures 
incurred. The average cost of the 19 cards considered in this trade-off versus the 
total number of failures is then compared against the curve. Alternatively, dividing 
the total failures into the total cost of replacement cards yields the average cost 
per failure. 

ASSUMPTIONS 

1. The one-hundred and six (106) end items in which the cards are installed will operate 
a total of 769,600 hr over a 5-yr period. 

2. Failure rate data are based on current project reliability data. 

3. Depot labor and overhead costs are estimated at $7 per hr and average repair 
time for a printed circuit card is 4 hr. 

4. Estimated cost of repair parts is assumed to be 25 percent of the replacement 
cost. 

5. Printed circuit cards will be returned to depot in quantities of 10 cards per package 
at a cost of $100 per package. This includes the cost of shipping, packaging, labor, 
etc. 

6. Depot tooling would consist of a manual card tester and a close-tolerance card 
tester at a cost of $77,209 and $50,393, respectively, based upon the current design 
concept. A close-tolerance tester is needed for six cards; i.e., negative bit generator, 
programmable power supply, -65V power supply, comparator, and operational 
amplifiers A and B. The manual card tester is used for the other printed circuit 
cards. This study considers the cost of repair of these two groups of cards separately. 

7. Repair capabilities exist at depot only. 
8. Cost to enter a line item in the Army Supply System is $2,526.46. The cost of 

maintaining each line item is $1,394 per yr. 
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9. When  repair of these  cards  is considered,  approximately  34 new  line  items will 
be entered into the Army supply system. 

10. The publication   effort for depot manuals   is 32 hr to  write procedures  for each 
printed circuit card at $12 per hr. 

RESULTS 

Method I. The results of the trade-off using Method I are summarized in Chart I and 
indicate that the predicted cost to repair is $431,872 for that group of cards using the 
manual card tester and $251,740 for the group using the close-tolerance card tester. 
The predicted cost for discard at failure maintenance is $390,022 for the manual test 
group and $238,804 for the other group. This provides a net savings of $41,850 for the 
first group and $12,936 for the second group over a 5-yr period if discard-at-failure 
maintenance is adopted. 

RECOMMENDATION 

Method I indicates that it is more economical to adopt the discard-at-failure maintenance 
concept rather than repair. Method II also indicates that discard is justified. Therefore, 
it is recommended that the discard at failure maintenance concept be adopted. The ad- 
vantages of adopting this concept are: 

1. Training of personnel in the repair of the printed circuit cards is eliminated. 

2. Documentation requirements are reduced. 

3. Record-keeping requirements are reduced because the items are expendable. 

4. Fewer line items are retained in supply. 

CHART I 
METHOD I COSTS 

REPAIR DISCARD 

(a) (b) (a) (b) 
1. Depot tooling $ 77,209 $ 50,393 

2. Depot labor and overhead 31,864 18,704 
3. Transportation 11,380 6,680 

4.  Publications 4,992 2,304 

5. Line item entry 208,922.12 113,957.52 

6. Repair materials 97,505 59,701 $390,022 $238,804 

TOTALS $431,872.12      $251,739.52    $390,022"    $238,804* 
(a) Costs associated with manual card test group, 
(bj) Costs associated with close-tolerance card test group. 

Chart II shows the data used to determine the cost. 
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METHOD I COST CALCULATIONS 
The number of failed cards in the 5-yr period is 1,806 (from Chart 11). 

1. Depot Tooling 
(a) $77,209 Manual card tester (Option a) (13 cards) 
(b) $50,393 Close-tolerance card tester (Option b) (6 cards) 

CHART II 
PRINTED CIRCUIT CARD FAILURE AND COST DATA 

Cards Failures MTBF, Failures Total Cost 
per End per Hr in Cost per Failed 

Item 10« Hr per Card 5 Yr Card, $ Cards, $ 

(a)   Current Driver 6 181.420 5,512 140 435 60,900 
XZ Torquer 2 177.226 5,642 136 436 59,296 
HEFU Timer 1 161.186 6,204 124 184 22,816 
Servo Amp 1 144.781 6,906 111 401 44,511 
Y Torquer 1 144.072 6,940 111 355 39,405 
+24 VPS 4 69.131 14,465 53 577 30,581 
Mod/Demod 1 48.926 20,439 38 488 18,544 
Telephone Amp 2 46.768 21,382 36 355 12,780 
FAC Monitor 1 39.324 25,429 30 302 9,060 
Reed Relay 3 23.265 42,983 18 404 7,272 
AC/DC Self-Test 1 64.708 15,454 50 226 11,300 
Voltage Sensor 1 57.839 17,289 45 257 11,565 
Relay 32 319.481 3,130 246 

1,138 
252 

$4,672 

61,992 
$390,022 

Average cost of card 
$4,672 

s considered              - 
13 

$359 

(b)    -65 VPS 1 184.982 5,405 142 258 36,636 
Op. Amp (A) 2 177.695 5,627 137 413 56,581 
Comparator 1 171.815 5,820 132 331 43,692 
Neg. Bit Gen. 2 129.151 7,742 99 551 54,549 
Op. Amp (B) 1 108.748 9,195 84 413 34,692 
Prog. P.S. 1 96.263 

$2,137 
aA         = 

10,388 74 

668 

171 

$2,137 

12,654 

$238,804 

8-24 



AMCP  706-132 

TABLE 8-4.   DISCARD-AT-FAILURE MAINTENANCE OR  REPAIR TRADE-OFF   (Cont'd) 

2. Depot Labor and Overhead 
Depot costs = Number of failed cards X hourly rate (in dollars) X  average hours 
to repair 

(a) 1,138 X  7.00 X  4 = $31,864 

(b) 668 X  7.00 X  4 = $18,704 

3. Transportation Cost 
1 

Transportation cost = Number of failed cards X 
Number of cards per package 

X cost (in dollars) per package. 

1 
(a) 1,138 X  —    X   100 = $11,380 

10 

1 
(b) 668 X  —   X   100 = $ 6,680 

10 

4. Publications Cost 
Publication cost = Number of card types  X  publication hours per card  X hourly 

rate (in dollars) 

(a) 13 X  32 X   12 = $4,992 

(b) 6  x 32 X  12 = $2,304 

Total $7,296 

5. Cost to Enter and Maintain Line Item 
Number of line items [line item entry cost in dollars "■" (service life years  X  annual 
line item management cost in dollars)] = cost to enter and maintain line items. 

(a) 22 [2,526.46 + (5 X  1,394)]  = $208,922.12 

(b) 12 [2,526.46 + (5 X  1,394)]  = $113,957.52 

Total $322,879.64 

6. Cost of Materials to Repair Cards 
Percent of card cost per repair X total cost (in dollars) of failed cards  = cost 
of materials. 

(a) 0.25 X  390,022 = $97,505 

(b) 0.25 X  238,804 = $59,701 

Method II Method II considers all parameters noted in Method I. Based on failure rates, 
the average cost of the cards is determined. If the average cost of the cards is $388.62 
or less with 1,806 failures, discard at failure maintenance is justified. The average cost 
of the printed circuit cards considered (19 cards) is $358.36. This indicates that discard 
at failure maintenance is justified. 
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METHOD II LOGIC AND CALCULATIONS 

Discard is more economical than repair whenever the cost of repair is greater than 
or equal to the cost of discard at failure (Cost of repair > cost of discard at failure). 

By the use of a mathematical model, the break-over point can be calculated where the 
average cost per card is such that cost of repair would be exactly equal to the cost 
of discard at failure. 

A. Cost of repair = tooling """ labor and overhead "■" transportation  + publications 
"r line item entry "■" repair materials = XY 

where 

Y = total number of card failures in 5 yr = 1,806 (from Chart 11) 

X = average cost of the cards 

B. Then XY = 1,806X  = average cost of replacement of those cards in 5 yr, which 
is also equal to average cost of discard at failure maintenance. 

Setting Eq. A = Eq. B, the break-over value (where discard is more economical 
than repair) of X will be calculated. 

100Y 
C. 127,602+(7)(4)Y +  + 7,296 + 322,879.64 + 0.25XY = XY 

10 

457,777.64 + (38)(Y) + 0.25XY = XY 

457,777.64 + 38Y = XY - 0.25XY 

457,777.64 + 38Y = 0.75XY 

457,777.64    , 
    + 38 = 0.75X 

457,777.64 
+ 38 = 0.75X 

1,806 

253.47 + 38 = 0.75X 

291.47 
 X = 388.62 

0,75 

Various values for X and Y are graphically presented in Fig. I, with the above calculated 
values (X = 389, Y = 1,806) indicated with dashed lines. 

From the curve, the maximum average cost of cards may be determined for any number 
of predicted failures in the 5-yr period. 

For example, if 1,600 cards were to fail in 5 yr, the curve shows that the break-over 
point would be approximately $400.00. A graph with a larger scale would permit a more 
accurate determination of the point by which calculation is $432.14. 

The actual predicted number of failures (1,806) falls at a point on the curve which 
has a large negative slope, where large changes in the number of predicted failures 
result in relatively small changes in the number of dollars on the X-axis (abscissa). 
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A\/ERAGE COST FBR CARD i 

FIGUREI.    REPAIRVS DISCARD-AT-FAILUREMAINTENANCECOSTS 

The method II approach is very useful in 
studying the impact of a varying maintenance 
parameter on life cycle costs. In the example, 
the parameter that can be varied is reliability. 
It is possible to restructure the equation to 
study the effect of other varying parameters 
such as mean time to repair. Such parametric 
analyses are particularly valuable from the con- 
ceptual phase through the early development 
phase in selecting design approaches for further 
optimization. 

8-3.2.2   Splice Band Trade-off 

Table 8-5 presents a trade-off that was 
conducted to select the splice configuration for 
a missile reentry vehicle that comprises one sec- 

tion of a proposed surface-to-surface missile. 
The remainder of the missile consists of first 
and second stage propulsion sections. The major 
sections of the reentry vehicle are the terminal 
sensor section, the warhead section, and the 
guidance and control section. An adapter is pro- 
vided as part of the reentry vehicle to facilitate 
mating to the second stage. The maintenance 
concept for the reentry vehicle at the site was 
replacement of one of its three major sections 
in case of malfunction. However, replacement 
of the total reentry vehicle was also a consid- 
eration. 

The purpose of the trade-off was to de- 
termine the most cost-effective airframe design 
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PURPOSE 
This trade-off was conducted to determine the most cost-effective airframe design for the 
reentry vehicle (RV). This study is based on operation and maintenance (O&M) costs for 
a 10-yr period. 

GUIDELINES AND ASSUMPTIONS 

1. The RV will be handled and maintained in accordance with the present military or- 
ganization. 

2. The quantities and types of countdowns accomplished by a tactical battalion are based 
on historical data. 

3. Reliability data were based on preflight reliability allocations. The upper limit of the 
reliability range was used for worst case analysis, and the failures were normalized 
for the different types of countdowns experienced by the missile. 

4. Hardware cost data were provided by Finance. 

5. Design, maintenance and support costs that would be identical (or virtually identical) 
for all configurations were not documented. Only those costs that resulted in cost deltas 
(differences) among configurations were compiled: 

(a) Modification costs to the equipment used for test and checkout of the RV were not 
included, since no cost deltas result in relation to each of the RV candidates. 

(b) Repair part costs were not included, since the RV acquisition cost extremes among 
candidates are approximately $7.0K and are not a significant delta. Operational read- 
iness float costs were included. 

6. The preliminary maintenance concept for the RV was replacement of one of three major 
sections (terminal sensor, warhead, and guidance and control) at the site. However, other 
concepts will be investigated. 

7. Manpower costs were obtained from the Army Cost Planning Manual. 

8. The splice for the radome assembly is a shear splice, and RV separation from the adapter 
is an explosive charge. 

9. The following four candidates will be studied. 

Candidate 1: No quick splice 
Candidate 2: One quick splice 
Candidate 3: Two quick splices 
Candidate 4: Two quick splices with inertial measurement unit (IMU) and computer section 

relocated from the guidance and control section into the terminal sensor section. 

APPROACH 

Each of the four candidates (see Fig. 11) was analyzed to determine the requirements for 
operational handling and disassembly for corrective maintenance. The cost parameters used 
included only those which were impacted by RV airframe design. As a result, the total costs 
depicted do not represent total life cycle costs, but costs which reflect differentials due to 
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CANDIDATE 1 

NO OUICK- 
ACCESS 
SPUCE 

CANDIDATE 2 

1 OUICK- 
ACCESS 
SPUCE 

GUIDANCE    AND 
CONTROL SECTION 

AND 
COMPUTER 

CANDIDATE 3 

2 OUICK- 
ACCESS 
SPUCES 

CANDIDATE 4 

-=3    SHEAR SPLICE O    QUICK   ACCESS SPLICE 

FIGURE II.   RV HELD SPUCE CONCEPTS 

the RV airframe design.  The study was conducted based  on a three-battalion complement 
and included the following parameters: 

Prediction of end item failures 
Maintenance costs for assembly/disassembly of sections 
Handling equipment identification and cost 
Container cost 
RV transportation cost from firing battery to maintenance facility 
Special Ammunition Supply Point impact (personnel) 
Modification cost 
Support equipment at Special Ammunition Supply Point 
Float cost 
Publication and training cost 
Impact on performance 
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RESULTS 

Chart III (RV Trade Study Cost Summary) delineates the basic costs and maintainability 
factors associated with the four RV candidates. 

RECOMMENDATION 

Based on the results of this analysis, it is recommended that Candidate 3 be selected, since 
it represents the lowest cost and complies with the system specification requirements for 
mean time to repair (MTTR). 
Comparison factors among RV candidates that support the selection of Candidate 3 and not 
the selection of the other candidates are delineated in the paragraphs that follow. 

No Quick Splice (Candidate 1) 
1. Requires the Armament Command (ARMCOM) to handle missile peculiar electronic hard- 

ware, which is a Missile Command responsibility. 

2. Requires establishment of missile peculiar equipment test facilities and special RV han- 
dling dolly at each ARMCOM activity. 

3. Requires that RV section repair floats be assigned and controlled by ARMCOM activities. 

4. Requires complete RV operational floats, as well as peculiar repair cycle section floats, 
since section replacement is accomplished by ARMCOM and section repair is accomplished 
by the Ordnance units. 

5. Dictates a maintenance concept of RV replacement at the firing site with no flexibility 
for other alternatives. 

One Quick Splice (Candidate 2) 

1. Requires a weapon configuration that can be handled without being in an RV warhead 
section structure. 

2. Requires special weapon handling equipment mounted on a vehicle at the firing batteries 
to handle weapon and/or terminal sensor (TS) section replacement, since the weapon 
is mounted to the TS section. 

3. Requires additional structure removal from both the TS section and guidance and control 
(G&C) section to place section(s) in the rear area maintenance facility for maintenance. 

4. Warhead interface networks are under the cognizance of the Ordnance units and not 
ARMCOM activities. 

5. Dictates a maintenance concept of G&C section replacement at the firing site with no 
flexibility for an alternative of repair by assembly replacement. 

Two Quick Splices (Guidance Fore and Aft of Warhead Section) (Candidate 3) 

1. Separates hardware support responsibility between ARMCOM activities and the Ordnance 
units. 

2. Requires only common handling equipment, since hardware is packaged and separable 
in three distinct sections. 

3. Section sizing is in compliance with space in rear area maintenance facility for main- 
tenance. 

4. Provides for the least impact on the existing maintenance and supply support organization. 

5. Provides for a flexible maintenance concept that could include RV repair at the firing 
site by replacement of defective assemblies within sections. 
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Two Quick Splices (All Guidance Forward) (Candidate 4) 

1. Separates hardware support responsibility between ARMCOM activities and the Ordnance 
units. 

2. Requires only common handling equipment, since hardware is packaged and separable 
in three distinct sections. 

3. Section sizing is in compliance with space in rear area maintenance faciity for main- 
tenance. 

4. Provides for the least impact on the existing maintenance and supply support organization. 

5. Guidance packaging results in combining relatively high and low reliable hardware, ne- 
cessitating that the high reliable hardware go into a repair cycle for maintenance of 
the lower reliable hardware. 

6. Requires removal of the guidance section battery and distributor to gain access to the 
IMU and missile computer. 

7. Dictates a maintenance concept, without flexibility at the firing site, that section re- 
placement is required for IMU and missile computer failures. 

Chart III contains a summary of costs and quantitative factors that are calculated in the 
Appendix. The following paragraphs discuss guidelines for the calculations. Discussions are 
keyed to the major row headings in Chart 111, which are categorized as: 

A - Acquisition costs 
B - Maintenance costs 
C - Support costs 
D - Quantitative factors 
E - Total costs 

Category A - Acquisition Cost (each) 
The costs in this row present the per item cost for the configuration of the RV identified. 
The difference in cost between the candidates 2, 3, and 4, compared to  1, is based on the 
following: 

Candidate 1:    Baseline 
Candidate 2:    Structure and networks for warhead on G&C and TS section 

Adaption kit for weapon on G&C and TS section 
Candidate 3:    Structures, networks, and adaption kit on W/H section due to unsplice capa- 

bility 
Candidate 4:    Separate control section (networks, structures, etc.) 

Smaller W/H section 
Separate guidance section integrated with TS section 

Category B 

(a) Maintenance Man-hour Costs 
The maintenance man-hour costs are based upon the man-hours expended in unsplicing 
and splicing the various configurations, plus the additional impact of testing and 
replacing defective sections of RV by the Special Weapons Group for Candidate 1 
configuration. In Candidates 2, 3, and 4, only the cost for unsplicing and splicing 
is considered; the additional testing by the Special Weapons Group is not required. 
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(b) Handling Equipment 
The costs depicted in this row are based on the handling equipment required for 
a three-battalion operation. Handling equipment includes the slings, hoist beams, 
dollies, weapon replacement equipment, etc. 

(c) Containers 
The costs depicted in this row are based on the containers required for a three-battalion 
configuration. The quantities include a basic load of 108, plus additional containers 
for float configurations. A complete RV container is used only in the Candidate 
1 configuration. 

(d) Transportation 
The transportation costs include the man-hours and petroleum, oil, and lubricant 
(POL) costs for the candidates: Candidate 1 considers transporting RV sections from 
firing battery to the Special Ammunition Supply Point (SASP), and the subsections 
between the direct support unit (DSU) and the SASP for test. 

(e) Personnel 
Personnel costs are delineated for Candidate 1 configuration (no quick splice concept) 
'for personnel at the SASP to perform RV maintenance. This maintenance includes 
test, assembly, and disassembly. Crew size is based on one programmer-test station 
operator/battalion and three missile crewmen. No additional personnel are required 
for Candidate 2, 3, or 4. 

(f) Erector-Launcher (EL) Modification 
The erector-launcher (used to transport the total missile and provide the launch pad) 
modification costs are the costs of the hardware, manpower, and modification work 
order preparation. In Candidate 1, the length of the RV is such that a rail system 
would be installed on the EL to support the RV for handling and assembly purposes. 
In addition, the pallet and davit would be removed from the EL. In the other con- 
figurations, the pallet would be modified with a new pallet cover and support assembly. 

(g) Support Equipment 
Support equipment costs include the costs of additional programmer-test stations, 
power stations, and power distribution sets at each of the battalions for test of 
the RV section at the SASP. 

Category C - Support Costs 

(a) Spare Operational Readiness Floats (ORF's) 
Floats were allocated based on the failures predicted, turnaround time, and main- 
tenance concept. Candidate 1 includes the floats for total RV section replacement 
located at the SASP, based on a 2-day turnaround and the individual section thereof 
for replacement of the SASP while sections are being repaired at a rear area main- 
tenance facility. The cost of the weapon is not included in the total. 

(b) Publications 
Publication costs include the changes to 25 technical manuals in the areas of missile, 
erector-launcher, containers, handling equipment, and firing procedures. Rear area 
maintenance manuals were not considered, since there would be no cost deltas based 
on the configurations. 
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(c) Personnel Training 
The total cost of training related to the RV is $12,074K for a 10-year period. This 
includes training of key personnel, service training for three battalions and two general 
support unit platoons. Since there are no cost deltas for the various configurations, 
the training cost is not included for courses. Candidate 1 cost and hours are for 
the training of the personnel located at the SASP for a 10-year period for one 
programmer-test station operator and three missile crewmen per SASP. 

(d) Training Equipment 
The training equipment identified includes the trainer warhead, G&C proficiency train- 
er, terminal guidance proficiency trainer, warhead simulators, and containers for the 
trainers. 

Category D - Quantitative Factors 
These rows show the percentage of failures repaired using firing battery resources and the 
mean time to repair the failures, similar information for repairs using direct support resources, 
and an overall mean time to repair. The times include predicted supply and administrative 
time delays. 

Category E - Total Costs 

The costs in this row are the summations of the costs delineated in Categories B and C. 
The Category A unit RV costs were used to calculate float costs, but are not reflected otherwise 
in the total. 

CHART III 
RV TRADE STUDY COST SUMMARY* 

Trade Studv Candidates 

12 3 4 
No Quick     One Quick   Two Quick    Two Quick 

Splice Splice Splices Splices 

A. Acquisition Costs (ea), $K 

B. Maintenance Costs, $K 
Man-hours 
Handling Equipment 
Containers 
Transportation 
Personnel 
EL Mod 
Support Equipment 

C. Support Costs, $K 
Spare ORF's 
Publications 
Personnel Training 
Training Equipment 

385.6 392.7 390.3 385.6 

473.0 22.5 3.8 7.4 
1,669.4 3,778.2 686.9 666.9 
2,094.3 3,091.3 2,422.4 2,254.0 
3,043.2 2,893.2 2,893.2 3,772.5 
1,080.0 — — — 

579.5 427.3 434.7 433.7 
2,443.2 — — — 

6,477.2 4,712.4 4,683.0 8,202.0 
2,487.3 2,399.1 2,354.8 2,354.8 

202.2 — — — 

1,748.0 1,829.2 1,805.6 1,753.2 
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CHART III 
RV TRADE STUDY COST SUMMARY (Cont'd)* 

Trade Studs Candidates 

12 3 4 
No Quick     One Quick   Two Quick    Two Quick 

Splice Splice Splices Splices 

D. Quantitative Factors 
MTTR Org System 

% 
Hrs 

MTTR DS System 
% 
Hrs 

MTTR Hrs System 

E. Total Costs, $ (excluding 
acquisition costs) 

64 91 91 91 
0.82 1.36 1.27 1.25 

36 9 9 9 
6.27 6.51 6.48 6.48 
2.8 1.8 1.7 1.7 

',300 19,153,200 15,284,400 19,444,500 

*Costs of design, maintenance, and support that do not result in cost differences among 
candidates are not included. 

APPENDIX 

Cost Calculations: 

I Acquisition 
II Failures per 10 yr 
III Maintenance man-hour costs 
IV Handling equipment 
V Containers 
VI Transportation 
VII Personnel 
VIII Erector-launcher (EL) modification 
IX Support equipment 
X Spare operational readiness floats (ORF's) 
XI Publications 
XII Personnel training 
XIII Training equipment 
XIV Quantitative factors 
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Acquisition Costs Per Item, $ 

Candidate Adapter G&C W/H Section TS Section Radome Total 

1 24,122 214,815 11,015 126,514 9128 385,594 
2 24,122 223,893 — 135,592 9128 392,735 
3 24,122 214,815 15,759 126,514 9128 390,338 
4 24,122 52,621 

(Controls) 
10,815 288,908 

(Guid Sect.) 
9128 385,594 

II.       Failures per 10 Yr (3 Battalions) 

Failures Per 1000 Countdowns 

Candidate 1st      2nd    Adapter/G&C W/H Section TS Section        RV 

1 QC 3 4 18                      ] L                     8 27 
C •2 4 19                      1 L                     9 29 
s 3 4 19                      1 [                     9 29 

2 QC •2 4 18                      ] I                     8 27 
c 3 4 19                      ] L                     9 29 
s 3 4 19                      ] L                     9 29 

3 QC 3 4 18                      ] r              8 27 
c 3 4 19                      ] L                     9 29 
s •2 4 19                      ] L                     9 29 

4 QC 3 4 5                       ] L                   21 26 
c 3 4 6                      ] I                   22 30 
s 3 4 6                      ] L                   22 29 

Based on: 

270 quick counts/month/battalion X 3 battalions = A 
120 confidence/month/battalion X 3 battalions = B 
610 standard/month/battalion        X 3 battalions = C 

The failure calculation for missile sections was based on the following 

(1)Total RV failures =    2 (A a, +B b, +C c,)120 
i = 1  

1000 

8-35 



AMCP 706-132 

TABLE  8-5.  SPUCE  BAND TRADE-OFF (Cont'd) 

where 

n   = sections in the system 

A   = total number of quick counts 

B  = total number of confidence counts 

C = total number of standard counts 

a, = number  of failures based  on quick count for section  i from preceding 
table 

b, = number of failures based on confidence count for section i from preceding 
table 

c, = number of failures based on standard count for section i from preceding 
Labic 

120 = factor for 10-yr conversion in months 

1000 =  factor for conversion to number of 1000 counts 

Example 

[ (270x3)(27) + (120x3)(29) + (610x3)(29) ]120 
RV failures   =     =  10,246 

1000 

111.     Maintenance Man-hour Costs 

The time for unsplicing and splicing the various configurations was derived from a 
splice trade-off and is 3180, 5977, 999, and 1997 man-hours, respectively, for Candidates 
1, 2, 3, and 4. The cost for unsplicing and splicing the candidates is determined as 
follows: 

Cost = Man-hours X hourly rates (in dollars) 

The costs are $11.9K, $22.5K, $3.8K, and $7.4K, respectively, for Candidates 1, 2, 3, 
and 4. 

Candidate 1 also requires testing and defective section replacement at the special weapons 
test area. Four persons are required for the times indicated to accomplish the following 
activities: 

Perform in-container test 
Remove container top 
Position RV dolly 
Remove RV from container 
Install RV on dolly 
Place defective section in container 
Secure container 
Remove replacement section and place 

on dolly from container 
Perform in-container test 

3.0 hr 
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Test and section replacement costs for Candidate 1 are: 

Failures per lOyr X man-hours per failure X hourly rate (in dollars) or. 
10,246 X 12 X 3.75 = $461.1K 
Adding the $11.9K unsplicing  and splicing costs results in a total cost of $473K for 
Candidate 1. 

IV.      Handling Equipment 

The handling  equipment and quantities for the four candidates  are identified  in the 
following table for three battalions: 

Handling Equipment Candidate 

1 2 3 4 

Complete RV hoist beam 39 
TS section hoist beam 9 46 46 
G&C section hoist beam 9 46 46 46 
W/H section hoist beam 4 40 40 40 
Control section hoist beam 46 
RV container slings 39 
TS/G&C container sling 6 40 40 
Control/adapter container sling (G&C and 

W/H capability) 1 4 4 44 
System components test station dollies (G&C and TS) 20 20 20 20 
RV dolly 3 
M656 36 
Hoist 36 
Adapter kit 36 
Weapon replacement equipment 12 
3 Vehicles/battery 12 
Adapter kit 12 

The terminology of the handling  equipment is basically the same; however, the con- 
figurations, and thus the costs, are different for the various candidates 

Individual costs for items shown in the preceding table from top to bottom are: 
$6336, $3033, $3073, $3659, $446, $444. $444, ($9437, $11778), $17604, $20000, $6650, and 
$2488 for Candidate 1. 
$3802, $3190, $7230, $421, $421, ($10051, $11161), $223208, $20000, and $1525 for Candidate 
2. 
$3043, $3083, $4320, $444, $444, ($9468, $11816), for Candidate 3. 
$3018, $3632, $3058, $442, and ($10555, $11721) for Candidate 4. 
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TABLE 8-5.  SPUCE BAND TRADE-OFF  (Cont'd) 

V.       Containers 

The containers, quantities,  and per item cost for the four candidates  are identified 
as follows: 

Candidate 

Container 1 2                      3 4 

cost, 
Qty       $ Qty 

cost,               cost, 
$       Qty       $ 

cost, 
Qty       $ 

RV container 120 16,725     120     13,379 
G&C container 6 8,920                             120    8,920        132   10,035 
W/H container 3 2,347                             120    2,347       120    4,459 
TS container 3 8,920     120     10,035   120    8,920 
Weapon containers 120      2,347 
Control/adapter container 120    3,286 

VI.      Transportation 

The round trip travel time is as follows: 
FBtoSASP 9.0 hr 
DSUtoSASP       1.0 hr 
SASPtoSAS      10.0 hr 

Transportation of the warhead requires three vehicles (two of which are for security) 
and six men; vehicles travel at an average speed of 35 mph with a fuel consumption 
of 10 mi/gal at 14 cents per gal. 

Transportation of other sections requires one vehicle with two men. 

Transportation and petroleum, oil, and lubricant (POL) costs for candidates are per 
battalion as delineated in the following table. 
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Candidate 

H$K) 2($K; ) 3($K) 4($K; ) 

Item Trans      1 30L Trans POL Trans POL Trans POL 

RV 
G&C section 
TS section 
W/H section 
Weapon 
Control/adapter 

section 

842.4 
19.5 
7.8 

117.0 

18.4 
1.3 
0.5 
7.5 

487.5 
198.8 

222.8 

28.6 
11.4 

15.3 

487.5 
198.8 
222.8 

28.6 
11.4 
15.3 

780.0 

205.5 

195.0 

51.0 

13.3 

12.7 

Total ($K) 
(3 Battalions) 

3,043.2 2,893.2 2,893.2 3,772.5 
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VII.    Personnel 

VIII. 

Personnel costs are based on one programmer-test station operator and three missile 
crewmen per battalion located at the SASP for RV maintenance on the missile system 
for each of three battalions. 

It is assumed that personnel are rotated every 2 yr, are replaced with personnel that 
require basic training prior to assignment, and: 

Annual pay and allowances are S6,050per individual. 
Basic training, transportation, etc., cost S5,900per individual. 

Then 

Personnel costs  =  System life in years (No. of personnel X annual pay in dollars) 

+(System   life in years\ 

2 / 

X  (No. of personnel X training cost in dollars) 
=   10 X 12 X 6,050 + (10/2) X 12 X 5,900 = $1,080K 

These costs apply only to Candidate 1 

Erector-Launcher (EL) Modification 

The EL modification costs are shown in the following table for the four candidates. 
Costs are based on a S16.50 man-hour rate for the modification team effort, and 115 
EL's. 

Item Candidate 

1 2 3 4 

Modification Install 4 rails Add support Add support Add support 
Remove davit to pallet to pallet to pallet 
Remove pallet Add new Add new Add new 

pallet cover pallet cover pallet cover 
Costs, $K: 

Man-hours 41.8 8.5 8.5 8.5 
Kit 536.4 418.5 425.9 424.9 
MWO 1.3 0.3 0.3 0.3 

Total, $K 579.5 427.3 434.7 433.7 
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IX. The support equipment costs are shown for the additional programmer-test station (PTS) 
located at the SASP areas at the three battalions for the test and maintenance of 
the RV section. This includes both PTS, power station (PS), and power distribution 
set (PDS) to complete the test of the assembled RV section successfully. 

Total cost: 
3 PTS at $600K = $1,800.0K 

3 PS at $200K = $   600.0K 
3 PDS at$14.4K = $    43.2K 

$2,443.2K 

There is no additional cost for Candidates 2, 3, and 4. 

X. Spare Operational Readiness Floats (ORF's) 

Spare ORF's and repair cycle floats (RCF's) were selected based on the failures predicted 
on the replaceable sections, the turnaround time, and the maintenance concept for the 
system. The following table delineates the quantity and per item cost of floats. 

Candidate 

1 2 3 4 

Item Qty 
cost. 
$K Qty 

cost. 
$K Qty 

cost. 
$K Qty 

cost. 
$K 

RV 12 385.5 
G&C section 6 238.9 12 248.0 12 238.9 24 298.0 
TS section 3 135.6 12 144.7 12 135.6 
W/H section 1 11.0 12 15.75 12 10.8 
Control/adapt er section 12 76.7 

Total, $K 6,477.2 4,712.4 4,683.0 8,202 

Sections, as defined, differ for each candidate in accordance with the configuration. 

XI.      Publications 

The cost of publications includes initial impact and changes to the missile, erector- 
launcher, container, handling, and firing position procedure manuals as a result of the 
four candidates. The cost summary is shown in the following table. 
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Candidate 

Item K$K) 2($K) 3($K) 4($K) 

Initial 
Changes 

836.9 
1,650.4 

811.4 
1,587.7 

795.6 
1,559.2 

Same as 3 
Same as 3 

Total, $K 2,487.3 2,399.1 2,354.8 2,354.8 

XII. Personnel Training 

This cost category is comprised of the costs associated with training unique to the 
candidates. There are no cost deltas except that Candidate 1 requires added training 
for one programmer-test station operator and three missile crewmen at each of three 
special weapon test areas. 

During the system life, six training cycles will be required for Candidate 1. For each 
cycle, the average training cost per individual is $2808. 

Average individual training cost X No. of individuals X No. of training cycles = training 
cost delta 

$2808 X 12 X 6 = $202,176. 

XIII. Training Equipment 

Training equipment costs and quantities are summarized in the tabulation that follows. 
Costs are shown on a per item basis. 

Candidate 

cost, cost, cost, cost. 
Item Qty      $K      Qty      $K      Qty      $K      Qty      $K 

Trainer warhead 12        12.6 12        17.4      12       12.4 
Container 12 2.3 12 2.3      12 4.4 
G&C proficiency trainer 4      238.9       4      248.0       4      238.9       4     298.0 
Container 
TS proficiency trainer 
Container 
W/H simulator 
Control/adapter trainer 
Container 

Total, $K ., 1,748 1,829.2 1,805.6 1,753.2 

4 8.9 4 13.3 4 8.9 4 10.0 
4 135.6 4 144.6 4 135.6 
4 8.9 4 

36 
10.0 
4.6 

4 8.9 

4 
4 

76.7 
3.2 
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XIV.   Quantitative Factors 

The values shown in these rows are the percentage of failures repaired, using firing 
battery resources, percentage using direct support resources, the mean time to repair 
for each, and the overall mean time to repair. Values presented are based on initial 
predictions. 

and the optimum maintenance concept, with op- 
eration and maintenance cost and the mean 
time to repair as major decision parameters. 
The trade-off, although primarily one of a quan- 
titative nature (i.e., costs and repair time), also 
considered qualitative features such as flexibili- 
ty in the maintenance concept and separation 
of maintenance responsibility among com- 
mands. 

The trade-off was addressed to the cate- 
gory of splice to be used in configuration of 
the airframe. The splice type categories were 
the shear splice and quick-access splice. The 
shear splice is a factory type of splice that con- 
sists of multiple screw fasteners around the pe- 
riphery of the section to mate the sections to- 
gether. The quick-access splice is a field main- 
tenance type of splice (i.e., vee band, spline 
splice, etc.) that provides for rapid mating and 
unmating of sections. 

In addition to determining the airframe de- 
sign, the trade-off also provided the decision 
data from which the optimum maintenance con- 
cept was selected and—within this con- 
cept—considered the costs of handling equip- 
ment, transportation, personnel, modification, 
operational readiness and repair cycle float re- 
quirements, publications, and training. 

8-4 OTHER REQUIRED SYSTEM DATA 
ELEMENTS 

A data element is defined as a basic unit 
of information having a unique meaning and 
consisting of subcategories of distinct units or 
values. A data item is a subunit of descriptive 
information, or a value classified under a data 
element. Hence, data elements are comprised 
of data items (Ref. 8). These data items are 

not to be confused with data item descriptions 
such as those contained in contractor data re- 
quirement lists. 

Data systems are designed to receive and 
manipulate data elements, and to provide man- 
agement summaries, narrative information, 
data element statistical data, etc., as outputs. 
It follows that prior to the development of a 
data system, it is important first to decide what 
is required as outputs, and second to decide 
what data elements are required to provide the 
outputs. The data system then can be designed. 
Since the system is designed for a unique set 
of data elements, all input data must be in 
terms of the elements. 

This process is followed in the formulation 
of all Army data systems, and the reporting 
of the data to these systems is in standardized 
terms, other than when a data element permits 
a narrative entry. Table 8-6 is a partial listing 
of data elements for a maintenance manage- 
ment system. 

8-4.1   DATA SYSTEM CHARACTERISTICS 

The use of data system information to con- 
duct trade-offs is discussed in par. 8-3.2. This 
is only one application of data system infor- 
mation. The underlying objective of a data sys- 
tem is to provide management information ap- 
plicable to desired phases of management, and 
data elements must be selected accordingly. A 
maintenance engineering analysis data system 
is designed specifically to manage the devel- 
opment and acquisition of a materiel support 
subsystem. Maintenance and depot management 
systems, as a group, are designed specifically 
to manage the operation and support of 
deployed materiel. In each case, management 
of support should be construed as including the 
function of influencing design to attain op- 
timum supportability. 
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TABLE 8-6.  TYPICAL MAINTENANCE MANAGEMENT SYSTEM DATA ELEMENTS (Ref. 3) 

Failure Code 
Detected Failure Code 
First Indication of Trouble Code 
Action Code 
Part Source Code 
Utilization Code 
Time Conversion Code 
Calendar Date to Julian Date 
Scheduled Service Code 

Miscellaneous Code 
Equipment Calibration Code 
Not Repairable This Station Code 
Motor Vehicle Use and Supply Status Code 
Reason for Transfer Code 
Equipment Loss Code 
Equipment Gain Code 
Other Reporting Code 
Equipment Category Code 

A data system should provide for receipt 
of all required data elements, and for uniform 
treatment of these elements. Receipt of the ele- 
ments in the proper format may be realized 
best by providing reporting personnel with 
standard reporting forms. Such forms should 
be as simple as possible, thereby minimizing 
the probability that the data will be entered 
improperly on the form. Additionally, reporting 
personnel should be instructed in both the use 
of the forms and the importance of filling them 
out correctly. The completed forms should be 
subjected to some form of quality audit by 
supervisory personnel before submission. 

The utility of the output of a data system 
is governed largely by the adequacy of the input 
data. These data should be in sufficient depth 
to serve the intended purpose and should be 
accurate. The designer of a data system is re- 
sponsible for the depth of the input data and 
can enhance system accuracy by minimizing the 
number and complexity of required input data 
elements. Reporting requirements should be 
compatible with the reporting time available to 
the reporter and with his technical and writing 
capabilities. Continuous and stringent super- 
vision of the reporting activity also will enhance 
data reporting accuracy. 

Once the data elements are received at the 
data processing center, subsequent actions per- 
taining to data storage, analysis, retrieval, and 
dissemination may be either manual or 
automated. When data quantities are limited 
and data inputs are not subject to frequent 
change, a manual system is desirable. The data 
can be received, analyzed, and reduced to some 

useful summary format, such as a graph or 
chart, and filed. In such a case, the system 
can be updated with new data simply by re- 
trieving and updating the nummary format. 
This virtually eliminates the retrieval problem. 
Even if detailed data retrieval is frequently nec- 
essary, the application of modern filing methods 
will alleviate the problem. The use of a manual 
system does not preclude the use of a computer 
to analyze data, and normally does not pose 
a data dissemination problem. The most signifi- 
cant advantages of a manual system are econ- 
omy and immediate access to the data. 

8-4.2  AUTOMATED DATA SYSTEMS 

In an automated system, data element re- 
porting forms usually require coded informa- 
tion. The use of codes permits the system to 
select and sort information in the manner and 
form required by the analyst. Codes, however, 
have limitations, and to describe precisely an 
action or event, the number of codes would be- 
come infinite. Therefore, the basic coded data 
should be supplemented by narrative type of 
data. This type of data will enable the data 
collector to inform the analyst of the precise 
conditions under which most situations are ob- 
served. The narrative remarks which are as- 
sociated with and which expand recorded data 
are infinitely variable. They must be recorded 
in sufficient detail to be communicated 
effectively to the analyst who must make judg- 
ments and reach engineering decisions on the 
basis of the information provided. 

Fig. 8-3 shows functional flows of the col- 
lection,  analysis,  and utilization  of data, in  a 
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typical automated data system. The upper flow 
diagram shows the major steps; the lower 
diagram shows the secondary steps within each 
major step, with the same major step block 
number. In the system, data are collected from 
the sources shown and are transmitted to the 
data processing center. Here, the data are coded 
and entered into the computer data bank, where 
the computer analyzes the data for content and 
format. Data not passed by the computer are 
analyzed manually and either are corrected and 
placed back into the bank or are discarded. 
Data passed by the computer are subjected to 
one of three analytical processes, and the 
results are utilized as shown. 

Materiel and its support subsystem are de- 
veloped with the assistance of a maintenance 
engineering analysis data system that contains 
data unique to particular hardware. After 
deployment, the management of materiel oper- 
ation and support is effected with a mainte- 
nance management system that must accom- 
modate dissimilar hardware. The complexity of 
such a data system and its operation are easily 
visualized. The Army Materiel Command is re- 
sponsible for maintaining and operating the 
data system, and has assigned the responsibility 
to one of its organizations. This agency is the 
central point within the Army for the collection, 
summarization, and distribution of data gener- 
ated by The Army Maintenance Management 
System. In that capacity, it is the servicing ac- 
tivity in the provisioning of data and special 
summary reports to installations, activities, 
commodity commands, and project/product 
managers in support of their equipment control 
applications and related industry support (Ref. 
9). 

The commodity command is the Army ele- 
ment primarily responsible for the management 
of logistic support of specified systems and 
items, components, or repair parts. Utilization 
of selected management by exception reports 
generated from The Army Maintenance Man- 
agement System data assists commodity com- 
mands in effective accomplishment of function- 
al responsibilities in the following areas (Ref. 
9): 

a. Evaluation of equipment and component 
failures 

b. Improvement of equipment reliability 

c. Improvement of equipment 
maintainability 

d. Control of equipment modifications 

e. Increasing equipment readiness posture 

/  Equipment standardization 

g. Establishment of reliable maintenance 
planning factors 

h. Computation of repair part require- 
ments 

i. Development and revision of overall 
criteria and programs. 

The data provided by the data manage- 
ment agency are concerned with the following 
categories of maintenance information (Ref. 9): 

a. Materiel usage status is applicable to 
equipment by location and organizational as- 
signment, age, condition, usage, and usage 
rates. 

b. Materiel readiness is applicable to au- 
thorized quantities, on-hand quantities, avail- 
ability, operational readiness, not operationally 
ready supply, not operationally ready mainte- 
nance rates. 

c. Maintenance accomplishments and plan- 
ning factors include maintenance functions, 
man-hours, part usage/cost, periodic services, 
mean time between failures, mean time to re- 
pair, number of maintenance actions, average 
man-hours per item of equipment by function, 
and quantity and type of parts used. 

d. Modification work order status is ap- 
plicable to formal modification programs. 

The data elements reported through The 
Army Maintenance Management System vary 
by equipment commodity. Maintenance oper- 
ational data not provided by this system may 
be obtained by a special operational data col- 
lection procedure. 

8-5 COST ANALYSIS 

Maintenance engineering activities can 
have a major influence on the total cost of own- 
ership of Army materiel. For example, main- 
tenance support guidance provided during the 
formulation of a required operational capability 
and the subsequent maintenance engineering 
analysis process both impact total ownership 
costs; they can assist either in driving the costs 
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up or forcing them down, depending on the ef- 
fectiveness of these activities. 

Consider first some of the general areas 
where system costs are impacted by mainte- 
nance engineering analysis. Since these 
analyses are iterative, their effects will be felt 
throughout the materiel life cycle. During the 
program conceptual and validation phases, 
analyses develop qualitative and quantitative 
logistic support objectives. As the program 
progresses, these objectives are refined into de- 
sign parameters for use in various trade-offs, 
risk analyses, and development of logistic sup- 
port capabilities. The initial effort evaluates the 
effects of alternative hardware designs on sup- 
port costs and operational readiness. During de- 
sign, analysis is oriented toward assisting the 
designer in incorporating logistic requirements 
into hardware design. The goal is to create op- 
timum materiel that meets the specification and 
is cost-effective over its planned life cycle. 

Maintenance engineering analyses provide 
cost relatable inputs to logistic simulations, 
cost-effectiveness models, design trade studies, 
and life cycle cost analyses. As design devel- 
opment progresses, quantitative analytical tech- 
niques and cost-effectiveness studies are used 
to make repair or discard, level of repair, life 
cycle maintenance costs, and related determi- 
nations, and to identify further economic or op- 
erational advantages that can be realized in the 
design of the maintenance support structure for 
the system or equipment. 

Cost analyses associated with maintenance 
engineering analyses during the conceptual and 
validation phases are especially critical and re- 
quire intensive management. The primary 
source of data at this point in the program 
life cycle is historical data. These data encom- 
pass supply, maintenance and operational in- 
formation from existing systems, and other 
Service or contractor information such as tech- 
nical reports, combat records, and field ex- 
ercises, as appropriate. It is during this time 
that historical data are used to quantify design 
characteristics versus support costs. Also dur- 
ing this time, support systems are synthesized, 
and each candidate must have a cost associated 
with it in order that the comparative cost- 
effectiveness of each support system can be 
gauged. Finally, as a result of the support sys- 

tem synthesis, the candidate system that pro- 
vides economical, effective support of mission 
requirements can be evolved. 

Another major area where maintenance 
engineering has an early interface with and im- 
pact on life cycle ownership cost is during ini- 
tial maintenance support planning. The guid- 
ance provided to the materiel developer and pro- 
curement agencies for use in developing tech- 
nical requirements for new materiel influences 
decisions that involve support costs. Typical of 
the information provided to these agencies by 
the maintenance engineering function are main- 
tenance support concepts, parameters and 
criteria, quantitative equipment performance 
and maintenance performance data, and sup- 
port cost data for similar equipment in the in- 
ventory. The cost associated with each input 
category can have far-reaching effects on the 
estimates for cost of ownership of new materiel. 
Later in the life cycle, but prior to the valida- 
tion decision, finite goals for life cycle own- 
ership cost must be established and documented 
in the program development plan. Here again, 
maintenance engineering contributes heavily 
because these cost goals reflect, to a great ex- 
tent, the degree of cost-effectiveness built into 
the maintenance support plans generated as a 
part of maintenance engineering activities. 

8-5.1   MAINTENANCE COST  FACTORS 

The intent of conducting cost of ownership 
analyses is to provide one of the inputs required 
to make a proper decision concerning the use 
of resources, but it is not the decision-making 
process itself. The output from these analyses 
can greatly influence these decisions, since a 
program life cycle cost quite frequently exceeds 
10 times the cost of the combined development 
and procurement costs. 

The cost factors that are used during these 
analyses are based upon pertinent data provided 
by the procuring activity from surveillance of 
operational systems. These factors may be 
measured in terms of manpower, equipment, fa- 
cility space, and supplies normalized to dollars 
to provide visibility to the decision maker in 
each of these cost sensitive areas. These his- 
torical data establish a basis for logistic support 
requirements for new acquisitions and provide 
indications  for special attention if significant 
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deviations from established support concepts 
are noted. Data may furnish insight to justify 
new approaches or significant departures from 
traditional concepts. Such changes may consist 
of reducing or increasing the allocation of 
resources for maintenance, establishing differ- 
ent support procedures, reallocating mainte- 
nance workloads among the different levels of 
maintenance, or changing the concept for built- 
in versus manual checkout equipment. The 
identities, sources, and application of historical 
data should be defined clearly to facilitate ver- 
ification. 

Typical cost factors that impact cost of 
ownership are (1) labor used in maintenance, 
(2) equipment inventories, (3) unserviceable 
items awaiting maintenance, (4) personnel 
training, (5) repair parts, (6) facilities, (7) spe- 
cial tools, (8) contract maintenance versus mil- 
itary maintenance, and (9) equipment publica- 
tions. Each of these factors will be discussed 
in order to provide greater insight into their 
constituent parts. 

8-5.1.1  Labor Used in Maintenance 

This category encompasses all civilian and 
military manpower expended at all levels of 
maintenance for the equipment being analyzed. 
Maintenance is costed on an hourly basis for 
the number of hours actually expended accom- 
plishing maintenance. With respect to levels of 
maintenance, organizational maintenance cov- 
ers the maintenance performed by battery or 
battalion maintenance personnel. It does not 
cover operator maintenance, since operators are 
costed under personnel on a full-time basis. 
Field maintenance covers the direct and general 
support maintenance levels. Depot maintenance 
is costed separately. 

8-5.1.2  Equipment Inventories 

The quantities of equipment procured de- 
termine, to a great extent, the resource require- 
ments that contribute most heavily to life cycle 
cost of ownership. This factor-sometimes called 
density-determines requirements for repair 
part stockage, transportation, maintenance fa- 
cilities, support and test equipment, etc. This 
factor is used in virtually all life cycle cost 
of ownership analytical models because of its 
significant cost contribution. 

8-5.1.3  Unserviceable Items Awaiting Maintenance 

This factor also is known as the mean time 
awaiting repair and in most cost effectiveness 
models is the mean time a failed component 
end item spends in a queue awaiting repair. 
It can have significant cost impact since it in- 
creases the quantities of equipment in the 
maintenance float program. This time awaiting 
maintenance can be cost-quantified and used 
in cost of ownership analyses. 

8-5.1.4  Personnel Training 

Personnel training is divided into several 
cost categories. Initial training is given military 
personnel to qualify them in the skill and to 
the level required by their assignment in the 
operating and maintenance units required by 
the system. New equipment training is for a 
cadre of personnel who will subsequently teach 
personnel at service schools and is also a train- 
ing cost. Recurring training is the training of 
replacement personnel, the requirement for 
which is created by attrition rates, rotation pol- 
icies, promotions, etc. Retraining of personnel 
required because of changes in system design 
also comes under this heading. In this case, 
the change bears this cost, and the life cycle 
cost pertinent to the change will be considered 
in the change approval decision loop. 

When the quantity of personnel that must 
be trained annually is considered, it becomes 
apparent that this is a major factor in the cost 
of ownership. 

8-5.1.5   Repair Parts 

Funding for repair parts can represent a 
sizable portion of available program dollars. A 
major expenditure normally is made for initial 
repair part stockage. The repair parts procured 
during initial provisioning normally are limited 
to those required for all categories of main- 
tenance during the initial support period. "Ini- 
tial support period" means that amount of time 
required to replenish stocks through normal 
supply channels. In this connection, the follow- 
ing procurement and delivery policies are ob- 
served in determining fund requirements: 

a. Repair parts procured concurrently with 
the end item normally are peculiar parts first 
being introduced into the supply system. 
Procurement of standard parts that already are 
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in the supply system normally can be deferred 
due to reduced procurement lead time require- 
ments. Procurement in both cases must satisfy 
initial allowance, pipeline, and replacement re- 
quirements for an initial support period. 

b. Repair parts should be phased for de- 
livery in increments proportional to end item 
delivery. 

c. Deferred procurement (delaying repair 
part orders for subsequent fiscal year procure- 
ment) should be used whenever possible for end 
items whose delivery and deployment are 
spread over a period of more than a year. 

Initially, repair parts are not provided 
always according to the foregoing procurement 
and delivery policies. There are at least two 
other basic concepts. The first of these is the 
buffer depot concept, whereby the prime man- 
ufacturer establishes what is, in effect, a bond- 
ed depot to provide repair parts for items that 
are subject to design change. He supplies parts 
in response to user requisitions until some time 
prior to the end of the production contract when 
the parts are placed into the military supply 
system. The second concept involves the use of 
contractor logistic support, whereby the con- 
tractor is funded to provide maintenance and/or 
supply services for some period of time after 
initial deployment. At the expiration of this 
time, the parts are placed into the supply sys- 
tem. 

Each method of providing supply support 
normally will result in unique costs. Life cycle 
totals probably will be different and program 
years in which costs are incurred definitely will 
be different. Regardless, of the supply 
method(s) selected, the cost of repair parts re- 
quired for initial stockage, pipelines, floats, and 
washout replacement represents a key own- 
ership cost factor. 

8-5.1.6  Facilities 

New construction of buildings and install- 
ation of real property installed equipment are 
the principal constituent parts of the facility 
cost factor. The cost of facility maintenance is 
also a part of the cost factor, but few factorial 
values for Army-wide use are available. For 
that reason, each analysis must be handled on 
a case-by-case basis with whatever factorial Val- 
ues  are considered  appropriate  at that time. 

This cost factor can be of financial significance 
for some commodity lines. Consider, for exam- 
ple, a new fixed-site missile weapon system en- 
tering the inventory. This missile could require 
assembly on site. In this case, a rather 
elaborate missile assembly building would be 
required. If the sites are geographically diverse, 
X number of these buildings would be required. 
The cost of the buildings and their annual 
maintenance would be legitimate cost of own- 
ership factors. 

8-5.1.7  Special Tools 

Creation of requirements for special tools 
and test equipment generally incurs a cost bur- 
den against the cost of ownership for a system. 
Requirements for these items can result from 
an inadequate maintenance engineering 
analysis. The Army has listings of both the 
tools and test equipment that are available for 
maintenance engineering study. Typical of these 
are lists of existing and proposed test, meas- 
urement, and diagnostic equipment, by 
commodity command (Ref. 10). Determination 
of special tool and test equipment requirements 
should be made only after exhaustive research 
of Army and Department of Defense resources 
has been conducted and cost trade-offs have 
been accomplished. In some cases, there is a 
tendency to specify nonstandard equipment that 
is far too sophisticated for the Army user sim- 
ply because it worked well under laboratory 
conditions during the development phase when 
highly qualified technicians were available to 
use the equipment. It should be remembered 
that in most cases when special tools and test 
equipment become a legitimate program re- 
quirement, costs start to accumulate rapidly. 
Documentation is required, stock numbers must 
be assigned, cataloging is required, and costs 
to enter and maintain the items in the in- 
ventory are incurred; in short, there is a 
cascading effect that impacts cost of ownership 
of a particular system. 

8-5.1.8 Contract Maintenancevs Military 
Maintenance 

The decision to use contract maintenance 
for non-Table of Organization and Equipment 
(nontactical) materiel also can impact cost of 
ownership. It is Department of Defense and 
Army policy that reliance will be placed on con- 
tract maintenance for the provision of materiel 
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maintenance services to the maximum extent 
consistent with effective and efficient accom- 
plishment of Army programs and missions. 

Support or depot level maintenance serv- 
ices which need not be performed in-house be- 
cause of military readiness requirements and 
which can be obtained from private business 
concerns at an estimated annual cost less than 
the value specified by current regulations 
should be obtained by contract. However, when 
it appears that inadequate competition or other 
factors are causing commercial prices to be un- 
reasonable, a comparison cost analysis of 
alternative methods of obtaining the required 
service should be made to determine the least 
costly option. 

When the decision to rely either upon Gov- 
ernment in-house activities (Army-operated or 
interservice/agency support) or contract main- 
tenance to provide the needed maintenance 
service is to be made based on relative cost, 
a comparative cost analysis must be undertaken 
to provide the basis for the decision. When con- 
siderable quantities of nontactical equipment 
are associated with a weapon system mission, 
this can become a key cost factor. 

8-5.1.9  Equipment Publications 

This cost factor involves the funding re- 
quired to obtain initially and update constantly 
the equipment publications used for mainte- 
nance and training associated with tactical 
equipment. The preparation task consists of re- 
search, writing, editing, typing, 
proofreading, printing, validation, and veri- 
fication. Depending upon requirements, prelim- 
inary manuals may be issued to the user with 
minimum change, or republished and issued. 

Once the publications are issued, they 
must be maintained current. Changes to these 
documents occur throughout the equipment life 
cycle. Some of the most significant causes of 
these changes are cataloging changes, design 
changes, maintenance and logistic support 
policy changes, and operating and maintenance 
experience. Cataloging changes can result from 
activities such as design changes, federal stock 
class code changes, and item manager changes, 
and result in changed stock numbers. Design 
changes also may impact maintenance, oper- 
ating,  and  training  procedures.   Maintenance 

policy changes such as extending oil change 
intervals to conserve petroleum products affect 
maintenance procedures. Finally, requirements 
to change operating, maintenance, and/or train- 
ing procedures may result from operating and 
maintenance experience. 

Considering that a library of publications 
for a major weapon system consists of docu- 
mentation covering the system, organizational 
maintenance, field maintenance, depot mainte- 
nance, supply, and training, it is apparent that 
this category represents a significant factor in 
the cost of ownership. 

8-5.2   UFECYCLE COST ANALYSIS 

Defense expenditures for 1960-1973 coupled 
with a projection of expenditures through 1980 
are shown in Fig. 8-4. The projection assumes 
no reductions, and increases are based on re- 
taining the 1973 purchasing power in subse- 
quent years. Analysis of Fig. 8-4 provides some 
insight into the Department of Defense budget 
dilemma. In 1965, the budget was $47.1 billion, 
and in 1980, is projected to be $110.9 billion. 
This represents an increase of 135 percent. Dur- 
ing this same time frame, military personnel 
costs and operation and maintenance costs are 
anticipated to increase 155 percent. More 
significantly, the dollars available for Research, 
Development, Test, and Evaluation (RDT&E) 
and hardware procurement increases only 98 
percent. These curves indicate that the hard- 
ware dollars are being eroded by dis- 
proportionate increases in the costs to man and 
maintain weapons. 

The rising cost of weapon systems, coupled 
with loss of buying power, has produced a 
dilemma; the Department of Defense either 
must acquire fewer systems, be satisfied with 
a smaller force, or find ways to effect drastic 
reductions in the cost of acquiring and sup- 
porting new systems. 

The weapon system cost problem is com- 
plicated further by an inherent lack of visibil- 
ity. Weapon system costs usually are identified 
with the development investment and associated 
procurement dollars. Yet the bulk of the costs 
is associated with operations and maintenance, 
manpower, training, and indirect support. Gen- 
erally, the Department of Defense does not have 
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Figure 8-4.   Defense Expenditures  1960- 1980 

an accounting system that permits realistic and 
timely assessment of total ownership costs. 

Faced with the prospect of declining budg- 
ets and rising costs, the maintenance engineer- 
ing tasks assume more importance. One of the 
areas where great contributions can be made 
is in structuring credible cost estimates to sup- 
port program management decisions. Analytical 
tools have been developed to assist the main- 
tenance engineer in accomplishing this task. 
These generally are categorized as the cost 
estimating relationship and the engineered cost 
estimate methods. 

8-5.2.1   Cost Estimating Relationship (Ref. 11) 

If there are prior hardware systems which 
can be compared with the new (proposed) sys- 
tem, and if physical, performance, and cost data 
are available on the older systems, then 
statistical analysis may provide useful cost pro- 
jections. Through curve-fitting techniques, sys- 
tem cost may be related to a combination of 
measures of the system (its dimensions, per- 
formance, etc.). Similarly, the costs of some 
types of subsystems may be related to their 
physical and performance attributes. The rela- 
tionships commonly are called "cost estimating 

relationships". The method sometimes is called 
"parametric costing", because the physical and 
performance measures commonly are called pa- 
rameters in the estimating equations. 

Situations occur in which cost estimates 
are desired or required, but the information 
necessary for explicit estimating relationships 
is unavailable. At such times, highly subjective 
("ball park") estimates frequently are made and 
can be justified as more useful than no estimate 
at all. Such estimates reasonably can be 
thought of as "implicit cost estimating rela- 
tionships", inasmuch as the estimator subcon- 
sciously (or at least not overtly) is extrapolating 
from prior' experience through use of an un- 
formulated or vaguely conceived relationship of 
the new item to older items. 

Cost estimating relationships can reflect 
total system development, production, and/or 
operating and support costs. They can reflect 
individual segments of those costs or a com- 
posite of all costs. The segments usually are 
large, and the number of independent variables 
(or parameters) usually is small. Most of the 
estimating relationships used in past acquisi- 
tions have omitted operating and support costs, 
or have included them only partially. 
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It should be remembered that use of the 
cost estimating relationship method depends 
upon judgment that the historical data pro- 
cessed into the relationship reflect sufficient 
commonality with the proposed new item being 
costed to give a reasonable cost estimate of the 
latter. When the effects of inadequate com- 
monality can be estimated, an adjustment may 
be made to the estimating relationship. Advan- 
tages and disadvantages of the cost estimating 
method are presented: 

a. Advantages. The estimating rela- 
tionship method has several advantages: 

(1) It may be used early because it can 
be and usually is based on broad performance 
parameters and configuration concepts, rather 
than on detailed design. Generally, its use 
should start during the conceptual phase. 

(2) It can be used rapidly and in- 
expensively. Hence it can be used for numerous 
possible versions of the system. 

(3) It is less susceptible to the motiva- 
tional bias of its users than other costing 
methods. It is not wholly free of bias, because 
its general shape and the choice and values of 
some of its parameters may be determined sub- 
jectively. Its objectivity advantage is sufficient, 
however, to justify its continued use along with 
more detailed methods once such methods are 
possible. 

(4) It can provide confidence intervals 
as well as expected values of cost. Of the vari- 
ety of curve-fitting schemes that have been 
used for the derivation of estimating rela- 
tionships, regression analysis is the most com- 
mon and has enabled ready computation of con- 
fidence intervals. 

b. Disadvantages. Along with the ad- 
vantages come disadvantages, namely: 

(l)It is not applicable to radically new 
systems. The statistical relationships used are 
derived from experience, and that experience 
must be relevant to the new system. Hence, 
the new system must fit into an existing family 
of systems or be similar enough to such a fam- 
ily to justify use of the cost estimating rela- 
tionship method, perhaps with some adjust- 
ment. Consequently, this method cannot pro- 
duce reliable results for a system that depends 
heavily on new technology or incorporates 
drastically different design features. 
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(2) It may require adjustments even 
when the method is used on systems that are 
not radically different from their predecessors. 
There are economic trends, cost ratios, design 
practices, manufacturing methods, and oper- 
ating and support precepts which are not ex- 
plicit parts of the estimating relationship and 
which are changing continually. They cause the 
relationships to become gradually less accurate 
and to need revision. 

(3) When separate estimates are re- 
quired for system elements-such as built-in 
test equipment, gun laying equipment, data, 
system engineering, tooling, mock-ups, repair 
parts, replacement training, fuel, or pay and 
allowance of enlisted personnel—the method 
either fails or becomes like highly detailed 
methods of estimation, which rely on unique 
cost details for each system element. It also 
becomes more expensive to use, as finer details 
are to be separately costed, because of the need 
for development of additional estimating rela- 
tionships. Therefore, the cost estimating rela- 
tionship method most generally is applied in 
making development and design trade-offs at 
very high levels of aggregation. On the other 
hand, in the creation of detailed approaches to 
estimation under conditions where direct engi- 
neering or production cause-and-effect rela- 
tionships are not known, or where cost inputs 
are not definitively known, cost estimating rela- 
tionships may be the best method for construct- 
ing some of the detailed submodels of the over- 
all system cost model. 

(4) Most published works on 
estimating relationship models generally do not 
include operating and support costs, except oc- 
casionally for operating manpower and fuel. 
The few which attempt broader coverage of op- 
erating and support costs tend to have two 
weaknesses: (a) they reduce the feasibility of 
actually using them by incorporating param- 
eters that are difficult or impossible to cost; 
and (b) they involve so much detail that many 
specifics of design are required, thus making 
it necessary to defer their actual application 
until later phases of the acquisition process. 

The lack of development of cost estimating 
relationships for use in forecasting operating 
and support costs has forced reliance on the 
use of implicit cost estimating relationships for 
those costs until substantial design information 
is available. 
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8-5.2.2   Engineered Cost Estimate (Ref. 11) 
• As information about the hardware system 

and its use increases, and as the Department 
of Defense approaches decisions committing 
progressively larger amounts of money, more 
detailed life cycle costing becomes warranted 
and also becomes progressively more feasible. 
The engineered cost estimate method can then 
be applied. Total system cost is determined by 
summing the costs of many detailed cost ele- 
ments. The elements are related through cost 
equations that reflect in detail the way the ele- 
ments interact when the system is developed, 
produced, operated, and supported. The equa- 
tions are expected to reflect the real world so 
closely that they can be said to be "engineered". 
They differ from the equations used in the 
regression analysis which create cost estimating 
relationships. The engineered equations follow 
more closely the step-by-step, cause-and-effect 
relationships in a microscopic examination of 
the sequence of events in the real world. 
Regression analysis equations addressed to an 
identical cost aggregation deal with statistical 
patterns in more of a macroscopic approach and 
with less inherent capability to reflect 
departures from past conditions. 

e As an example of the preceding distinction, 
consider some past cost estimating relationship 
estimates which have taken the position that 
.operating and support costs equal a certain per- 
centage (e.g., 225 percent) of production cost. 
Engineered estimates of the percentage rela- 
tionships of operating and support costs to the 
same production costs will vary widely from 
case to case. 

The engineered cost equations are filled in 
with estimates of the values of the many ele- 
ments. The estimates of the elements, their sub- 
totals, and their totals are examined and re- 
vised, where the revisions reflect either im- 
proved knowledge of the anticipated costs or 
revised decisions based on continuing trade-off 
analysis to make the system as cost-effective 
as possible. Such a process yields engineered 
cost estimates. 

Generally, use of the engineered cost 
estimate method becomes possible at about the 
same time it becomes needed from the stand- 
point of decision making. Step-by-step, decisions 
on hardware and on operational  and support 
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concepts must be made, the timing of each be- 
ing governed by leadtime considerations and 
prerequisite decisions in the overall acquisition 
process. As each decision is made, the latest 
(and presumably best) estimates are used con- 
cerning alternative implications for life cycle 
costs and system effectiveness. Thus, there is 
a gradual transitioning from cost estimating 
relationships to engineered cost estimates rath- 
er than a single changeover point for the entire 
system. When there is enough knowledge of the 
system to warrant initiation of full-scale de- 
velopment, there should be enough knowledge 
to initiate detailed cost analyses. Prior to that 
time, the same unknowns that preclude a 
decision to proceed with development also pre- 
clude reliable estimation of costs. Advantages 
and disadvantages of the engineered cost 
estimation are presented: 

a. Advantages. There are numerous rea- 
sons for using the engineered cost estimate 
method as soon as conditions for its use have 
been met, namely: 

(l)It can be more accurate than cost 
estimating relationships because it usually in- 
corporates expert inputs at detailed levels. Dif- 
ferent elements can be estimated by different 
people, and each element can be small enough 
to be within an individual's area of expertise 
and awareness of the latest information (test 
results, cost of proposed improvements, etc.). 

(2) It can be applied independently to 
the various parts of the system. Hence, for sys- 
tem segments on which firmer descriptive in- 
formation is available at an earlier stage, this 
cost method can be used to adjust or replace 
the results of the estimating relationship 
method. 

(3) It can contain enough detail to per- 
mit study of cost differences among competing 
functional proposals (for production, devel- 
opment, inspections, support procedures, etc.). 
Rules for use of the method should be clear 
and definite, so that proposals prepared accord- 
ingly can be compared. Sufficient specifics can 
be included so that comparisons will illuminate 
specific functional areas and amounts of cost 
difference. 

(4) It allows more detailed simulation 
and sensitivity studies to be made, because it 
permits individual elements to be scrutinized 
and it allows costs to be regrouped in numerous 
ways. 
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b. Disadvantages.   As with other methods, 
there are also drawbacks, namely: 

(l)It cannot serve effectively as the 
primary costing method until detailed informa- 
tion is at hand. By that time, certain prior 
decisions already will have removed some of 
the latitude in considering alternatives which 
now appear attractive but are incompatible with 
actions already taken. 

(2) It generally is more costly and 
more time consuming than the cost estimating 
relationship method. To have element estimates 
on a major system which are complete, current 
with new cost rates and design changes, and 
internally consistent can be a large assignment. 
Great care is warranted in avoiding excessive 
details; i.e., those whose impact on the system 
will be minor. 

(3) It is potentially difficult to review 
and evaluate. There could be a tendency for 
cost models prepared by the engineered cost 
estimate method to become so large, complex, 
and detailed that they cannot be interpreted 
and compared within the time and resources 
available. Again, avoidance of low-impact 
details, as well as advance establishment of 
rules and procedures for element estimate sum- 
marization and verification, is essential if this 
pitfall is to be avoided. 

(4) It is subjective in some cost inputs, 
and the effect of the subjectivity on reliability 

of subtotals and totals may be great. This draw- 
back calls for careful review and credibility 
assessment. Best of all, when possible, acquisi- 
tion strategy and contractual terms should be 
used to minimize biased inputs and generate 
credibility. 

(5) The Department of Defense is not 
able always to build its own independent 
estimate by the engineered cost estimate 
method. It must settle often for review of the 
estimates of potential contractors by comparing 
them with results from the cost estimating rela- 
tionship method. 

8-5.2.3  Consequential Costs (Ref. 11) 

The impact of a cost of ownership analysis 
is that its use sometimes will lead to a pref- 
erence for a different decision than the one that 
would have been made if cost consideration 
were limited to initial costs. 

The cost of ownership value, as estimated 
at any point during the acquisition process, may 
indicate that the total cost of the contemplated 
system is excessive in relation to the anticipated 
benefits. In such cases, the cost of ownership 
consideration may lead to a program dis- 
continuance, reduction, simplification, or re- 
placement by an alternative approach. 

A second .type of impact is shown in Fig. 
8-5, which illustrates a case wherein alternative 
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Figure 8-5.   Cumulation of Costs Over Time 
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A, with a higher initial cost than alternative 
B, leads to a flow of subsequent or "con- 
sequential" costs, which are sufficiently small- 
er, so that the total cost of alternative A is 
lower than that of alternative B. 

On the assumption that the benefits from 
both alternatives A and B are equal, use of 
the cost of ownership approach will lead to the 
choice of alternative A for the "time horizon" 
shown, whereas without this approach, the 
choice would be alternative B. However, the 
choice of a higher initial cost item sometimes 
may be constrained by short-term budgetary 
limitations, or by other considerations; e.g., 
manpower, real estate, or investment policies. 
In such cases, when it appears that the full 
advantage of the total cost of ownership ap- 
proach cannot be achieved within these con- 
straints, the policy authority should be advised 
so that he may be afforded an opportunity to 
remove the constraint. 

Selection of the time horizon (economic 
life) can be a critical element of the total life 
cycle cost decision process. This selection should 
be made carefully in each application, based 
on the expected or intended life or lives of the 
alternatives under consideration. The choice of 
the "time horizon" will determine whether the 
cumulative cost lines cross during or after that 
life (if they cross at all). Equally important, 
the time horizon also influences the quantitative 
differences among the total cost of ownership 
values. 

The economic lives of the alternatives gov- 
ern the time period to be covered by a cost 
of ownership analysis. The period should be set 
so that the alternatives start yielding the ben- 
efits in the same year. The analysis should be 
made, using the same base year for all 
alternatives. That is,the first year in which ex- 
penditures will have to be made for any one 
of the alternatives should be considered the 
base year or "project year 1" for all the 
alternatives. For example, it is possible for 
alternative A to require investment costs for 
3 yr before becoming fully effective, while 
alternative B may become operational after only 
2 yr of investment. In this case, the base for 
alternativeA is used as the starting year for 
both, and alternative B has zero costs for that 
year. This imposes, an appropriate opportunity 

cost for the capital required to finance the 
alternative that requires earlier funding (lead- 
time). 

There can be cases when economic life 
equality cannot be established. In these cases, 
a uniform annual cost should be calculated. 
This cost is obtained by dividing the total 
present value cost by the sum of the present 
value factors of the years in which an 
alternative yields benefits. This gives the av- 
erage cost per year of production. The 
alternative with the smallest average cost per 
year of production is considered to be the most 
efficient alternative. Refer to par. 8-5.2.4.1 
relative to discounting. 

8-5.2.4  Cost Models 

The most common analytical tool used to 
conduct total cost of ownership analysis is the 
cost model. A cost model comprises one or more 
mathematical relationships, arranged in a sys- 
tematic sequence to formulate a cost 
methodology in which outputs (cost estimates) 
are derived from inputs (descriptions of the 
equipment, organization, procedures, etc.). Cost 
models can vary from a simple one-formula 
model to an extremely complex model that in- 
volves hundreds or even many thousands of cal- 
culations. As an .example of a very simple cost 
model, the cost of an item might be related 
directly to its weight, i.e., 

C = DW (8-D 
where 

C = cost of item in dollars 
D  = cost in dollars per pound of weight 
W = weight in pounds. 
Here, D and W are inputs to the model, 

and C is the output. Although this is a very 
simple model, it nevertheless performs the func- 
tion of providing a cost estimate for given in- 
puts. 

Because the term "cost model" is used in 
various situations, it can have a variety of spe- 
cific meanings. In all cases, it is a device de- 
signed to obtain a cost estimate. In brief, it 
is more or less an abstract representation of 
a part of the real world based upon insights 
into the cause-and-effect relationships existing 
in that world. 
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There are various kinds of cost models. 
Cost of ownership models are distinguished 
from other cost models, in that they always 
reflect subsequent costs which are the direct 
consequence of the decision or action being con- 
templated, including operating and support 
costs, rather than merely the initial costs. For 
example, in Fig. 8-5, a cost of ownership model 
estimates the sum of the initial costs (solid line) 
and the consequential costs (dashed line), 
whereas most other models estimate only the 
initial costs. 

Cost models are structured to conform to 
specific categories, depending upon their in- 
tended use. Examples of these categories in- 
clude breakdowns by organizational entities, 
program elements (5-yr defense program), spe- 
cific budget categories, functional elements, 
work breakdown structure (hardware appli- 
cations), and special categories relating to in- 
vestment decisions. 

The cost of ownership analysis used for 
making a particular decision, such as source 
selection or a design choice, need not include 
the total identifiable costs for the system. For 
instance, costs which would be the same for 
each alternative, costs incurred prior to the 
decision (sunk costs), and costs which would 
be too small to affect the decision need not 
be included. 

Care must be used in the choice of costs 
to be excluded lest their omission would im- 
properly influence the decisions to be made. For 
example, consider the case of procuring a 
relatively inexpensive payload launched by a 
large field artillery booster rocket. It would be 
tempting to exclude launch vehicle costs be- 
cause they appear to be common to competing 
payloads. This would restrict the cost analysis 
to the trade-off between the costs and the 
reliability of competing payloads. Exclusion of 
launch vehicle costs could lead to selection of 
a cheaper, less reliable payload. But the lower 
reliabilities of cheaper payloads could generate 
requirements for a larger quantity of boosters. 
Thus, the assumption on which the field ar- 
tillery booster rocket costs were excluded would 
prove to be invalid. 

Recently, a Joint Industry Associ- 
ation/Department of Defense Working  Group 

completed work on a comprehensive cost of 
ownership model (Ref. 11). A version of that 
model and a description of the input factors 
follow. 

The overall equation for total system cost 
of ownership may be thought of in terms of 
two parts: 

LCCT = LCCD + LCCE (8-2) 

where 

LCCT = 
LCCD  = 

LCCE  = 

total life cycle cost 

that portion of LCC which is rele- 
vant to the decisions under consid- 
eration 

that portion of LCC which is ex- 
cluded in reaching the specific 
decision; e.g., insignificant costs, 
sunk costs, and costs that are iden- 
tical for the alternatives under con- 
sideration. 

Costs which are relevant to most appli- 
cations of cost of ownership analysis are rep- 
resented by LCCo, and can be identified further 
as: 

LCCD = B + C (8-3) 

where 

B  = bid or contract price 

C = cost to the Government of the con- 
sequences of selecting the con- 
tractor. 

Bid or contract price B represents money 
expected to be paid to the contractor. Con- 
sequential costs C are future costs of ownership 
incurred by the Government in connection with 
materiel produced by the contractor. Costs B 
result from requirements for performance, 
reliability, maintainability, etc., and are 
nonrecurring. Costs C result from support 
resource requirements, and are recurring. Main- 
tenance engineering's goal is to minimize the 
total of costs B and costs C by establishing 
design features that permit economical support 
and optimizing the manner in which the sup- 
port is provided. 

In the calculation of costs C for the various 
alternatives, maintenance engineering deter- 
mines  resource requirements,   and,  depending 
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upon the local situation, either may perform 
the calculations or give the requirements to 
some other function, such as Finance, for cost- 
ing. In either event, it is important for main- 
tenance engineering to be knowledgeable of the 
cost categories considered under costs C, which 
include: 

a. Operational personnel and consumables 
cost 

(1) Personnel 
(2) Consumables 

b. Training costs 

(1) Initial and replacement training 
(2) Recurring training 

c. Maintenance costs 

(1) Organizational 
(2) Field 
(3) Depot (system level) 
(4) Depot  (subsystem  or  component 

level) 
d. Facilities 

e. Initial Government materiel and serv- 
ices 

f. Support and test equipment 

g. Data 

h. Initial repair parts 

i. Salvage and disposal 

j. Initial and replacement transportation 

k. Supply management. 

8-5.2.4.1   Discounting 

Before discussing explicit cost of own- 
ership equations, certain principles of economic 
analysis must be understood since they appear 
as terms in the equations. Three major precepts 
are involved: economic life, present value (dis- 
counting), and inflation. Economic life was cov- 
ered previously in the discussion of time 
horizons (par. 8-5.2.3). 

In every investment, explicit recognition 
should be given to the fact that a dollar today 
is worth more than a dollar tomorrow because 
of the interest cost which is related to all Gov- 
ernment expenditures which occur over time. 
Thus, an annual savings or cash inflow pro- 
jected for tomorrow has a present value less 
than its undiscounted dollar value. Dollar ben- 

efits which accrue in the future cannot be com- 
pared directly with investments made in the 
present because of this time value of money. 
Discounting is a technique for converting vari- 
ous cash flows occurring over time to equivalent 
amounts at a common point in 
time-considering the time value of money-to 
facilitate a valid comparison. Current DoD In- 
structions (Ref. 12) require discounting to be 
accomplished in virtually all economic analyses. 
The use of a discount rate of 10 percent is cur- 
rently specified, but this rate will vary with 
national economic trends. Ref. 12 provides a 
unique discount factor for each future year to 
be used when accomplishing discounting at a 
10% rate. 

Discounted cash flows and the attendant 
aspects of economic analysis may tend to 
substantiate and provide clearer and more com- 
plete justification for proposed investment pro- 
jects. Discounting is a small but significant 
aspect of an economic analysis. That is, a dis- 
counted cash-flow analysis may have a critical 
effect on the alternative choice decisions, 
changing the results of an analysis from what 
they would have been if undiscounted costs had 
been used. However, it should be noted that 
discounting does not always change the 
alternative choice decisions. Discounting will 
demonstrate whether or not decisions that 
might be reached using only undiscounted costs 
are, in fact, valid. Discounting will also provide 
a better indication of the cost savings to be 
realized from a cost reduction investment pro- 
posal. 

The degree of change in the relative cost 
of alternatives is influenced primarily by four 
factors: 

a. 2he Economic Life. Discounting makes 
a bigger difference the longer the economic life. 

Jb. 2he Discount Rate. The higher the dis- 
count rate the larger is its impact. 

c. 2he Inczdence of Costs. An alternative 
with high costs in early years and lower costs 
later will appear less favorable, discounted, 
than an alternative with relatively lower initial 
costs. 

d. 2he Reliability <£ Cost Estimates. The 
accuracy and adequacy of cost estimates rep- 
resent an important factor in a discounted cash- 
flow analysis. 
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The discounting technique represents an 
additional tool that should be applied during 
the cost of ownership analysis. This technique 
most likely will not be the most important 
analytic technique used in making an economic 
analysis, nor should it be relied upon heavily 
to identify the most economical investment 
alternatives. For example, an investment pro- 
posal may involve long-range cash-flow projec- 
tions which are subject to a high degree of 
uncertainty. This may be the case for certain 
weapon systems and research projects. 

Inflation also is a factor in cost of own- 
ership analysis. Estimates for inflation con- 
tinuing into future years often are important 
in conducting time-phased trade-off studies and 
analyses. When this is the case, analyses and 
evaluations should consider inflation specific- 
ally. To detect the effect of changes in the 
purchasing power of a dollar, both constant 
dollars (without inflation) and current dollars 
(with inflation) should be considered in analyz- 
ing and evaluating alternatives. To assure con- 
sistency in comparative analyses, all estimates 
of costs and financial benefits for each year 
of the planning period should first be made in 
terms of constant dollars, i.e., in terms of the 
general purchasing power of the dollar at the 
time of decision. These estimates should not in- 
clude any forecast change in the general price 
level during the planning period. 

When inflation is considered important to 
the conclusion of the analysis, a second com- 
putation will be made in terms of current 
dollars (with inflation). By use of the constant 
dollar estimates as a baseline, inflation should 
then be included, either by using price indices 
or, as a last resort, by application of a uniform 
inflation rate. When there is reason to believe 
that price levels (e.g., for procurement, re- 
search, development, test, and engineering) will 
significantly affect the choice between 
alternatives, factors available for these cate- 
gories should be used. Indices promulgated by 
the Office of the Assistant Secretary of Defense 
(Comptroller) for use in escalating cost 
estimates in annual budget submissions should 
be used as appropriate. 

Three methods can be used to calculate 
program/project costs adjusted for inflation: (1) 
inflate the cost streams first and then introduce 
the discount rate; (2) discount the cost streams 

first and then introduce inflation; and (3) apply 
a joint discount/inflation rate in a single cal- 
culation. The first method is preferred because 
it portrays changes in real prices exclusive of 
the effects of discounting. 

8-5.2.4.2 Explicit Equations 

Calculation of some consequential costs is 
rather involved, while others, such as facility 
costs, may be calculated in a straightforward 
manner. Equations for the more involved cal- 
culations are described in the paragraphs that 
follow, and a general equation is given for the 
accomplishment of other calculations. 

a. Cost of Operating Personnel. The cost 
of operating personnel COP for the life of the 
system, discounted to present value by the dis- 
count factor Dk, is the sum of the annual dis- 
counted costs. The annual costs are in turn the 
sums of costs for each personnel type, skill, 
and level. The annual cost for each personnel 
type is the product of the personnel quantity 
PRsjk for each skill, type, and year, and the 
annual cost per person CPsjk for that skill, type, 
and year. The following formula is the general 
form used to compute COP. 

Y NT       NS 

COP =    2 Dk   2     2 
jt = 1 j =  1     s =   1 (8-4) 

(PRsjk){CPsjk) 

where 

Y = number of years 

NT = number of personnel types 

MS*  = number of skills and levels 

b. Cost of Operating Consumables. The 
cost of operating consumables COC is deter- 
mined from a list of consumables numbered 
from 1 to NC, the rate of consumption in units 
per hour RQ for each consumable, the cost per 
unit CUCi of each, and the number of hours 
HCih each year that each consumable is to be 
used. These consumables consist of items such 
as gasoline, fuel oils, and electrical power to 
the extent that consumption can be estimated. 
The computational equation is as follows: 

COC =    2 Dk   2   (Rd) 
k = 1 i = 1 (8-5) 

(CUCt)(HClk) 
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c. Cost of Training. Cost of training is the 
sum of the cost of initial training CIT and the 
cost of recurring training CRT. It consists of 
personnel Military Occupational Speciality 
(MOS) training as defined by succeeding equa- 
tions and factors. 

(1) Cost of Initial Training. Cost of ini- 
tial training CIT consists basically of the per 
person cost of initial training CIsjk multiplied 
by the number of personnel to be trained in 
each type NT and skill and level NS for each 
year Y. When system deployment is to be ac- 
complished all in one year, the problem is some- 
what simplified. When deployment and training 
are accomplished over a number of years, how- 
ever, the number of personnel to be trained in 
any given year is determined from the total 
number PRSjk in each skill, level, and type re- 
quired by the deployed systems during that 
year minus the number of personnel PFsjk 

already available and fully trained during pre- 
vious years. The total cost for each year is com- 
puted, discounted by the factor Dk, and sum- 
med to produce CIT. 

Y NT       NS 

CIT =    2  Dk   2     2 
k = 1 ./ - 1    s = 1 (8-6) 

{CIS]k)(PRsjk - PFS]k) 

(2) Cost of Initial Training Per Person. 
Cost of initial training per person CIsjk is de- 
termined as the product of the number of weeks 
TNWsj of training required for each skill level 
and personnel type, and the training cost per 
week CPWsjk for the year in which the training 
is to be accomplished. (For simplicity, CPWSjk 

may be given as one value for all officers, an- 
other for all enlisted men, and another for ci- 
vilians.) 

CIS3k = (TNWsj)(CPWsjk) (8-7) 

(3) Cost of Recurring Training. Cost of 
recurring training CRT is defined as the cost 
of training replacement personnel required as 
a result of personnel attrition. It is determined 
by summing the discounted product of the total 
personnel PRsjk in each skill level and type re- 
quired by the deployed system in a given year, 
the personnel attrition rate RTSj for each skill 
level and type, and the per person cost of recur- 
ring training CRsjk. The last factor CRsjk is 
assumed to be the same as the cost per person 

of  initial  training  CIsjk   given  in  subpar.  (2), 
unless otherwise specified. 

Y NT       NS 

CRT =    2 Dk   2     2 
4 = 1 j = 1    s = 1 

(CRxjk)(RTsj)(PRsjk) 

(8-8) 

d. Cost of Maintenance. Cost of mainte- 
nance MC for the total number of line items 
over the system life is the sum of the cost of 
maintenance at the organization level CMO ex- 
cluding operator maintenance, the cost of main- 
tenance at field level CMI, the cost of system 
overhaul at depot level COD, the cost of com- 
ponent maintenance at depot level CMD, and 
the cost of maintenance consumables CCM, in- 
cluding discard-at-failure repair parts. Multi- 
plying this value by the ratio of the total 
number of recoverable line items NO in the sys- 
tem to the total number of recoverable line 
items identified at the time of the estimate NR 
will yield a projected estimate of the total sys- 
tem maintenance cost. 

MC = (CMO + CMI + COD + 

/NO\ 
CMD + CCM)[— ) (8-9) 

(1) Cost of Maintenance at Organiza- 
tional level. The cost of maintenance at the 
organizational level CMO is computed on a re- 
pairable item basis, and is the product of the 
total maintenance man-hours per year HOt for 
all deployed systems for each item and the per 
man-hour cost of maintenance labor at the or- 
ganizational level CLOk by year. Maintenance 
labor man-hours include maintenance per- 
formed by maintenance personnel organic to the 
using unit, but specifically exclude maintenance 
performed by operators, since operator cost is 
included in COP. HO( is the product of the 
number of organizational man-hours per main- 
tenance operation, the item maintenance factor, 
the percent repaired at organizational level, the 
quantity of like items per system NR, and the 
total number of systems deployed. 

CMO = 2 Dk 

NR 

2   (HOi)(CLOk) (8-10) 
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(2) Cost of Maintenance at Field Level. 
The cost of maintenance at field level CMI (di- 
rect and general support) is the sum of the 
discounted annual repair labor cost at the field 
level. The cost of field maintenance labor is 
computed on a repairable item basis as the 
product of the maintenance man-hours per year 
HIi for each item and the per man-hour labor 
cost at the field level CLIu- Hit is the product 
of the number of field maintenance man-hours 
per maintenance operation, the item mainte- 
nance factor, the percent repaired at field level, 
the quantity of like items per system, and the 
total number of systems deployed. 

CMI =    2flt 

NR 
2   WKCLh) (8-11) 

(3) Cost of System Overhaul at Depot. 
Cost of system overhaul at depot COD is de- 
termined by the number of operational systems 
NOU, divided by the number of months between 
operational system overhauls MOD, plus the 
number of training and other nonoperational 
systems NTU, divided by the number of months 
MTD between overhaul of these nonoperational 
systems, all multiplied by 12 months (to convert 
to an annual basis) and by the cost per system 
overhaul at the depot COH. The cost per over- 
haul, including labor and transportation, must 
be estimated or computed on a system level 
basis. 

COD =    2 (12Dk)(NOU/MOD + 

NTU/MTD)k(COH) 

-12) 

(4) Cost of Subsystem and Component 
Maintenance at Depot. Cost of subsystem and 
component maintenance at depot CMD is the 
sum of the discounted annual maintenance re- 
pair labor costs. The annual repair labor cost 
at depot level for subsystem and component re- 
pair is the summation of the annual repair la- 
bor costs for each listed repairable item, which 
is computed as the product of the annual depot 
repair maintenance labor man-hours HDi for 
each item and the per maohour cost of labor 
at depot level CLDk. HDi is the product of 
the number of depot maintenance man-hours 
per maintenance operation, the item mainte- 
nance factor, the percent repaired at depot lev- 

el, the quantity of like items per system, and 
the total number of systems deployed. 

CMD =    2 Dk   2   {HD,)(CLDk (8-13) 

(5) Cbst of Maintenance Consumables. 
Cost of maintenang consumables CCM, in- 
cluding nonrepairable and discard-at-failure re- 
pair parts, is computed indirectly from the cost 
of initial issue repairable item inventory CIR, 
the average requirements objective period ROP 
in years on which the initial issue inventory 
is based, and the estimated distribution of re- 
pairable items (high-cost contributors) and 
nonrepairable items (generally low-cost contrib- 
utors). For initial estimates, it is assumed the 
repairable items contribute 85 percent of the 
inventory cost and nonrepairable items contrib- 
ute the remaining 15 percent of the inventory 
cost. The value Cffi/0.85 projects an estimate 
of the total cost of the repair part inventory, 
including consumables. Multiplying by 0.15 de- 
termines an estimate of the inventory cost of 
consumables. Dividing the result by the average 
ROP in years and multiplying by NO/NR 
results in an estimate of the cost of annual 
'consumption of consumables. A summation of 
the discounted annual costs for the life of the 
system yields the cost of maintenance con- 
sumables. 

CCM =    2 
r (cj/zxo.i5)~ 

,   k [(0.85): (ROP) \NRj (8-14) 

e. Miscellaneous Cost Categories. Mis- 
cellaneous costs MSC which may be required 
in certain cases, and which are not included 
in the foregoing equations, include items such 
as support of special maintenance, training, 
supply, etc., facilities FAC, peculiar Govern- 
ment furnished material or services QMS, the 
cost of printing and distributing management 
and technical data DTA, and the cost per year 
of new supply item management SMG. 

MSC = FAC +GMS  + DTA (8-15) 
+ SMG 

8-5.2.4.3 Short Form Equations 

For iteration purposes, it is generally ad- 
vantageous to group personnel types and skills 
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and use an average cost per man, or to group 
repairable items and use average man-hours, 
maintenance factors, etc., in order to obtain 
faster computational turnaround. It is also con- 
venient and, in most cases, reasonably accurate 
to assume a constant annual cost and compute 
the discounted (present value) life cost, using 
a cumulative discount rate DCy furnished by 
the Department of Defense. 

The following short-form equations are 
given for that purpose, and may be substituted 
for corresponding equations. 

Operating personnel COP: 

COP = (DCY){PRT)(CPA) 

Operating consumables COC: 

NC 

COC = {DCy)     2 (RDi) 

(8-16) 

(8-17) 

(CUGXHCik) 

Initial training CIT (MOS training): 

CIT =     2   (Dk)(PTk)(CIA) 
k = 1 

(8-18) 

Recurring training CÄr(MOS training): 

CRT = (DCY)(PRT)(RTA)(CRA) (8-19) 

Organizational maintenance CMO: 

CMO = (DCY){NR){HOA)(CLOk) (8-20) 

Cost of maintenance at intermediate CMP. 

CMI = (DCY)(NR)(HIA)(CLIA) (8-21) 

Cost of system overhaul at depot COD: 

COD =  \2DCy(NOU/MOD + 
NTU/MTD){COH) (8-22) 

Cost of subsystem and component mainte- 
nance at depot CMD: 

CMD = (DCY)(NR)(HDA ){CLDA ) (8-23) 

The definitions of the terms used in Eqs. 
8-16 through 8-23 that were not identified pre- 
viously are: 

CIA =  average initial MOS training cost per 
person, all skills, types, and years 

CLDA = average cost of labor at depot, per 
man-hour of maintenance, over sys- 
tem life 

CLIA = average cost of labor at intermediate, 
per man-hour of maintenance, over 
system life 

CPA = average annual cost per person, all 
types, skills, and years 

CRA = average cost of replacement MOS 
training per person, all skills, types, 
and years 

HDA = average annual maintenance man- 
hours at depot, all items 

HI A = average maintenance man-hours at 
intermediate, all items 

HOA = average annual maintenance man- 
hours at organization, all items 

PTk = total quantity of O&M personnel 
trained in year k 

PRT - total quantity of O&M personnel re- 
quired to man deployed systems 

RTA =  average personnel attrition rate 

8-5.2.4.4 Model Application 

The cost of ownership model discussed pre- 
viously can be very effective in developing pre- 
liminary cost estimates when historical data are 
available. A brief discussion of calculation 
methodology and a hypothetical example of one 
equation are included to illustrate the type of 
cost estimates that can be generated. Since one 
of the major ownership cost factors is operating 
personnel, that equation has been chosen for 
explanation. 

The calculation methodology for cost of 
personnel is shown in Table 8-7. 

The example in Table 8-7 illustrates the 
effect of cost of personnel on the life cycle cost 
of ownership of a weapon or system. The other 
cost model equations can also be exercised, us- 
ing historical and predicted data and similar 
results obtained. When the costs are summed. 
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it is not unusual for a modern weapon system 
10-year post-deployment cost of ownership to 
exceed $1 billion. 

As  stated  previously,  maintenance  engi- 
neering activities can have  a major influence 

on the total cost of ownership of Army materiel. 
The accuracy of maintenance support guidance 
and the thoroughness of maintenance engineer- 
ing analyses both impact key decisions that af- 
fect these categories of cost. 

TABLE 8-7.  PERSONNELCOST CALCULATION(Ref.l 1) 

Note: Eq. 8-4 is solved in the following manner to determine the cost of operating personnel. 

COP = V 

(e) 

D, 

(d) 

2 
A'S 
V 

v =  1 
(PR,lk)(CPsjk) 

(a) Multiply the number of men PR of skill and level  1 
(s   =1), type   1 (j  =1), required in year  1 (A-  =  1), 
by the annual cost CP of such men. 

(b) Repeat (a) for each of the othr skills  and levels (s 
= 2, 3, . . . NS) of type 1 (j = 1), and add the results 
to the result of (a). The result is the total  cost of 
operating personnel of all skills and levels, of type 1 
0' = 1), in year l(k = 1). 

(0 Repeat (a) and (b) for each of the other types of operating 
personnel 0' = 2, 3, . . . NT), and add the results to the 
result of (b). The result is the total cost of operating personnel 
of all types (civilian, military, . . . ), and all skills and levels 
(pilot, navigator, etc.; lieutenant, . . . , captain, etc.) in each 
type, foryear HA: = 1). 

Multiply the total personnel cost of year 1 by the discount factor 
Dk for year 1 (A- = l).Now we have the present value of the total 
cost of operating personnel foryear 1 (k = 1). 

Repeat (a) through (d) for each of the subsequent years (k = 2, 3, . . . Y), 
and add the results to the result of (d). The result is the total cost of 
operating personnel, over the life cycle of the system (Yyears), all discounted 
to a present value. 

The solution procedure is applied to a problem as follows: 

Background information is as follows: 

1. The hardware involved is a personnel transport helicopter. 

2. Two units are assigned per base. 

3. There are 50 bases worldwide. 

4. There are two operators per vehicle. 
One pilot per vehicle (military) 
One copilot/engineer per vehicle (military) 

Annual Cost 
$25,000 

$22,000 
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TABLE 8-7.  PERSONNEL COST CALCULATION (Cont'd) 

5. There are two ground service personnel per vehicle 
One leadman per vehicle (military) 
One attendant per vehicle (civilian) 

6. lOyr operating life for the helicopter 

7. Items 2 through 5 apply for each of the 10 yr of operation. 

B.   The actual calculation of cost of operating personnel is as follows 

1.   Indices 
Number of types of personnel 

Military 
Civilian 

3 Military skill levels 
Pilot 
Copilot 
Ground service leadman 

1 Civilian skill level 
Ground service attendant 

Operating years 
Incremental years k  =  1, 2, ... 10 

Annual Cost 
$15,500 
$10,500 

NT = 2 

3 = 1 

3 = 2 
NS = 3 

s = 1 
s = 2 
s = 3 

NS = 1 
s = 1 
Y = 10 
k = 1.2, 

2.   Calculations 
(Total vehicles worldwide  =  50 X 2  =   100) 

j   =   1, all military types; k  =  1, in year 1 

«  =   1, cost of pilots: (PRi, i, i) (CPh i) 

(1 pilot per vehicle X 100 vehicles) 
(25,000 per pilot) = $2,500,000 

s  = 2, cost of copilots: (PR2, I, I ) (CP2, i) 
(IX 100) (22,000) = $2,200,000 

s  = 3, cost of ground service leadman: (PÄ3, i, 1) (CP3,1) 
(IX 100) (15,500) = $1,550,000 

Subtotal        $6,250,000 

j   = 2, all civilian types 

s  =  1, cost of ground service attendant: (PR\, 2,1 )(CPi, 2) 
(IX 100) (10,500) =  $1,050,000 

Subtotal        $1,050,000 

Total cost of operational personnel in year 1        $7,300,000 

Discount the total cost of year 1 at a rate of 10 percent. Obtain discount factor 
(£)/.) for year 1 and subsequent years from Ref 12. 
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TABLE 8-7.   PERSONNELCOST CALCULATION (Cont'd) 

Discount Factor Present Value of 
Year                Total Cost in Year k                for Year k Cost in Year k 

NT VS 
k = l           '2      '2   (PRvkKCPsjk)                      (Dk) = COP subtotal 

.1=1      x  =   1 

1 $7,300,000             X                 0.954 _ $6,964,200 

(Repeat foregoing calculation for years 2 through 10.) 
2 $7,300,000             X                 0.867 = $6,329,100 

3 $7,300,000             X'                0.788 = $5,752,400 

4 $7,300,000             X                 0.717 = $5,234,100 

5 $7,300,000             X                 0.652 = $4,759,600 

6 $7,300,000             X                 0.592 = $4,321,600 

7 $7,300,000             X                 0.538 - $3,927,400 
8 $7,300,000             X                 0.489 = $3,569,700 

9 $7,300,000             X                 0.445 = $3,248,500 

10                            $7,300,000             X                 0.405 = $2,956,500 

Total life cycle cost of operational personnel, 
discounted to present value COP = $47,063,100 
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CHAPTER 9 
DIAGNOSIS AND TROUBLESHOOTING 

This chupter discusses diugnosis and 
troubleshooting as they apply to various types 
of Army materiel and various factors thut af- 
fect diagnosis and troubleshooting. Among these 
factors are the human factor aspects of 
diagnosis and troubleshooting, test, measure- 
ment, und diagnostic equipment considerutions, 
and troubleshooting techniques «rid uids. 

9-1  INTRODUCTION 

The military has formulated several def- 
initions of troubleshooting. Among them are 
"locating and determining corrective action re- 
quired to rectify discrepancies or malfunctions 
of materiel" (Ref. 1), "actions performed to 
isolate and identify the specific component 
which caused a malfunction of a system or com- 
plex component when the determination could 
not be made by the operator or mechanic who 
initially found the discrepancy" (Ref. 1), and 
"locating and diagnosing malfunctions or break- 
downs in equipment by means of systematic 
checking or analysis" (Ref. 2). 

Formal definitions of diagnosis are not 
available, but it is an inseparable part of 
troubleshooting, and is considered by most 
maintenance personnel to be synonymous with 
the latter. Therefore, in this chapter, diagnosis 
and troubleshooting are considered to be that 
portion of the overall corrective maintenance 
process given to determining what has caused 
materiel to perform improperly. Simply stated, 
diagnosis and troubleshooting comprise the ac- 
tions involved in fault isolation. 

With automatic, built-in test equipment, 
operators can perform in-depth diagnosis and 
troubleshooting. Otherwise, because of a lack 
of skill, time, and equipment, operators normal- 
ly perform only the most elementary types of 
diagnosis and troubleshooting; i.e., isolating the 
cause of a loss of power to a burned out fuse. 
More frequently, the operator reports dif- 
ficulties to the organizational maintenance ac- 
tivity. Here, and at higher maintenance levels, 
the majority of diagnosis and troubleshooting 
is accomplished. 

The effectiveness of the diagnosis and 
troubleshooting process :generally depends upon 
the maintenance technician's understanding of 
system or equipment operating theory, and his 
assessment of its specific malfunctioned con- 
dition as determined by a series of tests or 
measurements of specific performance param- 
eters against prescribed norms or standards. 
The technician may use only his basic senses 
of sight, touch, hearing, and smell to make the 
tests and measurements, but generally uses 
materiel aids which extend these senses. 

For example, a defective bearing in me- 
chanical equipment frequently can be identified 
by a knocking or pounding sound. On the other 
hand, identification of a defective part in a ra- 
dio may require the use of a voltmeter or other 
device, which enables the technician to deter- 
mine how well the part is performing. Devices 
that serve to extend the basic human senses 
for purposes of enabling system or equipment 
diagnosis and troubleshooting are referred to 
as items of test, measurement, and diagnostic 
equipment (TMDE). 

9-1.1   THE DIAGNOSIS AND TROUBLESHOOTING 
PROCESS 

The overall diagnosis and troubleshooting 
process can be divided, into three basic seg- 
ments, regardless of the function a system or 
equipment performs. These segments are symp- 
tom identification, malfunction localization, and 
malfunction isolation. 

9-1.1.1   Symptom Identification 

Equally important to any other event in 
the overall diagnosis and troubleshooting task 
is the assessment of those operating symptoms 
or anomalies that have caused the person re- 
porting a malfunction to believe that a malfunc- 
tion actually exists. When possible, it is pre- 
ferred that the repair technician personally dis- 
cuss the reported malfunction with the person 
reporting it. Answers to questions such as "Is 
the  malfunction   continuous  or intermittent?". 
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"Are all operating modes affected?", "Is per- 
formance totally unacceptable or only 
marginal?", "Has correction been attempted?", 
and "When did the malfunction occur?" provide 
the technician with valuable insight into the 
specific nature of the malfunction and tend to 
"set the stage" for his subsequent diagnosis and 
troubleshooting actions. 

Unfortunately, items requiring mainte- 
nance of other than the most routine nature 
typically are sent from the using organization 
to a unit specifically equipped and responsible 
for detailed maintenance. In such cases, the re- 
pair technician normally cannot discuss the re- 
ported malfunction personally with the report- 
ing individual, but must rely instead upon a 
maintenance request form, trouble report, or 
other such documentation accompanying the 
malfunctioning item to the repair facility. Fig. 
9-1 provides an example of a typical mainte- 
nance request form used by the Army. 

Section I of the example form provides the 
repair technician with a description of the ab- 
normal symptoms as observed by the using 
unit, together with an indication of the cor- 
rective measures, if any, that already have been 
attempted. (Section 11-Work Accomplished-is 
completed by the repair organization/activity 
upon performance of the maintenance.) In the 
example, the channel selection mode of a radio 
transmitter operates improperly. Improper op- 
eration was detected during normal use with 
the transmitter "on", and correction attempts 
by the user have not been successful. It should 
be noted in this example that a most fundamen- 
tal form of diagnosis and troubleshooting 
already has been performed. In accordance with 
procedures set forth in the transmitter technical 
manual, certain tubes in the transmitter were 
checked by the user and found to be good. This 
process entailed the use of TMDE in the form 
of an electronic tube tester. 

At this point in the diagnosis and trouble- 
shooting process, the technician has become 
aware of a number of symptoms related to the 
transmitter malfunction example. Summarized, 
they are: 

a. Selection of preset frequencies is not 
possible. 

b. The malfunction was detected during 
normal use, rather than following some period 
of nonuse. 

c. The user has attempted correction 
unsuccessfully by using a simplified "symp- 
tom/probable cause" tabulation contained in the 
user technical manual. 

Armed with the preceding information, the 
technician is prepared to begin the malfunction 
localization segment of the diagnosis and 
troubleshooting process. 

9-1.1.2   Malfunction localization 

The localization of a malfunction within 
materiel entails the assessment and analysis of 
reported symptoms and the results of selected 
tests and measurements. During this segment, 
the technician assembles the information avail- 
able to him thus far, and, through a logical 
process, attempts to identify a pattern of in- 
dications that direct his attention to a selected 
portion or section of the malfunctioned equip- 
ment. 

In the case of the transmitter malfunction 
example, after verification of previous test 
results the technician is able to deduce logically 
that because preset frequencies cannot be 
selected, and tests of tubes associated with the 
selection mode do not locate the malfunction, 
probably the trouble lies elsewhere in the equip- 
ment. 

Assuming a transmitter arrangement such 
as that depicted by Fig. 9-2, the technician can 
establish basic transmitter operation quickly by 
checking for a proper energy level at the output 
of the power amplifier (circuit test point 1). 
Upon making this test using a power meter 
or other item of TMDE, the technician finds 
that the energy level at this point is abnormally 
low. Since the power amplifier requires a proper 
input to yield a proper output, he next measures 
the output of the amplifier/modulator at circuit 
test point 2. This output level also is found 
to be abnormally low. 

The basic input to the amplifier/modulator 
is provided by the oscillator, whose output ap- 
pears at circuit test point 3. A check reveals 
this level to be normal. 
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CONTFCLS 

The technician now knows that both the 
power amplifier and the amplifier/modulator 
are operating improperly, and that the primary 
input to these units from the oscillator is nor- 
mal. With this information, he is able to de- 
termine that the problem is either in the 
a m p l i f i e r / m o d u l a t o r , both the 
amplifier/modulator and the power amplifier, 
or some other function common to both. 

Since the simultaneous occurrence of mul- 
tiple malfunctions is experienced seldom, he 
next may test tubes within the 
amplifier/modulator, or he may check the out- 
put of the high-voltage power supply, which is 
common to both this unit and the power 
amplifier. In effect, he has localized the 
malfunction to one of two sources. Because test 
of the power supply is faster and easier than 
removal and testing of the amplifier/modulator 
tubes, he next checks its output at circuit test 

point 4. For purposes of this example, we will 
assume this check to reveal an abnormal in- 
dication, thus terminating the fault localization 
process at the high-voltage power supply unit. 

In summary, the technician has started 
with a statement of abnormal operating symp- 
toms as identified by the person reporting the 
malfunction, and has verified and used this in- 
formation in conjunction with the results of 
selective checks of major equipment functions 
to localize the malfunction source to a relatively 
small equipment section. In the process, he has 
used his knowledge of equipment operating 
theory and various items of TMDE, the latter 
serving merely as extensions of his basic senses. 

9-1.1.3   Malfunction Isolation 

Malfunction isolation represents the final 
segment of the diagnosis and troubleshooting 
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process. In this segment, the previously local- 
ized malfunction is assessed in sufficient detail 
to establish its specific and precise cause. 

In the case of electronic malfunctions, the 
cause is usually a component part such as a 
resistor, vacuum tube, transistor, capacitor, or 
integrated circuit. For mechanical malfunc- 
tions, failures of individual items such as bear- 
ings, gears, and belts are typical malfunction 
causes. It is important to note, however, that 
the actual cause of a malfunction is not nec- 
essarily a result of part failure. Misadjustment 
or misalignment resulting from normal wear or 
degradation also can result in system or equip- 
ment malfunction. Improper valve clearance in 
a gasoline engine, for example, can cause run- 
ning roughness or missing. Similarly, an im- 
properly aligned electrical servo system can 
result in excessive hunting or oscillation. 

As noted, malfunction isolation is but the 
logical extension of the malfunction localization 
segment of the overall diagnosis and trouble- 
shooting process. It terminates in the identifica- 
tion of a specific malfunction cause, usually a 
failed part. To illustrate this extension, assume 
that the transmitter power supply discussed in 
par. 9-1.1.2 is arranged as depicted in Fig. 9-3. 

In the localization segment, it was estab- 
lished that the output of the power supply was 
improper at circuit test point 4, and the output 
of the oscillator was correct. Using this infor- 
mation, and referring-to Fig. 9-3, it can be seen 
that tubes V7801 through V7806 and their as- 
sociated circuit parts are probably the areas 
in which the malfunction cause lies. 

The technician removes and tests each 
tube, using TMDE in the form of an electronic 
vacuum tube tester. We will assume that one 
of these tubes is found to be defective, thus 
ending the malfunction isolation process by 
identifying the specific malfunction cause. An- 
other cause, not involving an actual part fail- 
ure, could have been an incorrect setting of R- 
7802, resulting from the normal tolerance aging 
of power supply components. 

9-1.2   INFLUENCING FACTORS 

The preceding discussion related to the 
various segments of the diagnosis and trouble- 
shooting process purposely was kept free of dis- 
tracting side issues. In actual practice, however, 

a number of factors tend to influence the over- 
all process. These include the governing main- 
tenance concept, built-in troubleshooting fea- 
tures and aids, and TMDE. Other factors having 
influence include the environment in which 
diagnosis and troubleshooting are performed, 
and any special problems that a particular 
equipment or equipment category may impose. 
Typical of the latter is the intermittent 
malfunction in electronic equipment which is 
caused by temperature. The defective assembly 
will show some type of abnormal indication 
only as long as it remains within the equipment 
case or enclosure. Once the assembly is removed 
from the equipment configuration for isolation 
to the individual piece part level it may be ex- 
posed to greater ventilation and the defective 
part is no longer subjected to the degree of 
temperature that caused its failure. 

9-1.2.1   Maintenance Concept 

Based upon maintenance engineering 
analyses, a materiel maintenance concept that 
is compatible with both the user's mission and 
existing Army support resources and is effec- 
tive in terms of life cycle support cost is 
selected. Relative to the diagnosis and trouble- 
shooting process, the maintenance concept 
places bounds or limits on the nature and depth 
of maintenance tasks to be performed at each 
level of the Army maintenance. These bounds 
are reflected in the materiel maintenance 
allocation chart (see par. 4-6.2). Corrective 
maintenance tasks identified by the chart nor- 
mally are performed to some degree at every 
maintenance level and, within each level, each 
segment (identification, localization, and isola- 
tion) of the diagnosis and troubleshooting pro- 
cess is accomplished. The overall complexity of 
the corrective tasks permitted at a given main- 
tenance level determines the diagnosis and 
troubleshooting that will be performed and the 
nature of the support resources necessary to 
accomplish these tasks. 

9-1.2.2   Built-inTroubleshooting Aids and Features 

Consistent with the corrective tasks which 
the maintenance concept relegates to a given 
maintenance level, the requirements for built-in 
troubleshooting aids and features are estab- 
lished. If the maintenance concept requires that 
the user locate and replace a defective chassis, 
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for example, then the system design must in- 
corporate features enabling diagnosis and 
troubleshooting to the chassis level. These fea- 
tures can assume a variety of forms, depending 
upon system type and complexity and the 
amount of time allowed for the overall correc- 
tion process. In many cases, and particularly 
at the user level, these features may be the 
same as those used in initially determining that 
a malfunction exists. An example is the 
malfunction of a vehicle electrical system and 
subsequent detection by the presence of a light- 
ed "charging" indicator. If user maintenance 
consists of replacing all major charging ele- 
ments (generator, voltage regulator, etc.) when 
a malfunction is detected, then the lighted in- 
dicator also serves as the built-in diagnosis and 
troubleshooting aid. If user maintenance con- 
sists of replacing only the failed charging ele- 
ment, then additional built-in aids may be re- 
quired to enable localization and isolation of 
the failed item. These could take the form of 
a metering device that monitors selected points 
in the charging system, or of a series of test 
points used in conjunction with an external 
meter or other TMDE. The go/no-go indicator 
approach can be used whenever it is determined 
that it is cost-effective to fault isolate auto- 
matically to a starter, battery, mechanical 
device, hydraulic device, etc. For example, a 
starter may be faulty due to a defective bear- 
ing, worn insulation, etc., but may perform its 
function for a time before catastrophic failure. 
Such a starter will probably draw an abnormal 
quantity of current. A built-in current meas- 
uring circuit and a fault indicator light can 
be used for immediate malfunction localization 
to the starter. With the use of transducers, cir- 
cuits, and lights, malfunctions related to pres- 
sures, temperatures, flow velocities, mechanical 
rotation, transition and vibration, etc., can be 
isolated reliably and quickly. 

The incorporation of built-in fault isolation 
capabilities in electrical, electromechanical, hy- 
draulic, mechanical, etc., equipment has lagged 
the incorporation of such capabilities in elec- 
tronic equipment. Maintenance engineering 
should evaluate carefully the cost-effectiveness 
of making more extensive applications of built- 
in monitoring equipment in assemblies such as 
starters, generators, alternators, voltage regu- 
lators,  batteries,  hydraulic   systems,  etc.  The 

reliability and economy of integrated circuits 
and solid state components and advances in 
transducer technology offer built-in monitoring 
alternatives that did not exist in past years. 

Generally speaking, the magnitude and 
complexity of built-in troubleshooting aids and 
features are related directly to system complex- 
ity and cost-effectiveness. They are designed to 
provide the maintenance technician with the 
means to acquire the information he requires 
for the logical assessment, localization, and 
isolation of a reported malfunction. This basic 
purpose of making information available tends 
to be constant regardless of system function. 
Fig. 9-4 illustrates functionally similar types of 
built-in troubleshooting aids and features for 
functionally dissimilar hydraulic/pneumatic, 
electrical, and mechanical systems. Each incor- 
porates a test point at which system perform- 
ance can be assessed by the use of external 
TMDE, a built-in meter or gage providing a 
quantitative display of a selected operating pa- 
rameter, and a built-in error detector and 
go/no-go malfunction alarm. 

For the hydraulic/pneumatic system, a 
capped tee at the compressor output acts as 
a test point for use with external TMDE. A 
pressure gage provides a built-in display of 
regulator output pressure, and a differential 
pressure transducer across the filter drives a 
go/no-go alarm. In the electrical system, a test 
point is provided for measuring power supply 
output voltage. A voltmeter provides a built-in 
measure of regulator output level, and an alarm 
driven by a differential amplifier provides a 
gobo-go indication of load balance. A timing 
mark on the engine of the mechanical system 
enables measurement of rotational speed by 
means of external TMDE such as a strobe light, 
while rotational speed following the reduction 
gearing is provided by a built-in tachometer. 
A go/no-go indication of system rotation is pro- 
vided by an engagement sensor attached to the 
centrifugal clutch. 

9-1.2.3  Test, Measurement, and Diagnostic 
Equipment (TMDE) 

As noted previously, items of TMDE serve 
to extend the basic human senses for purposes 
of enabling the diagnosis and troubleshooting 
process.   TMDE  is  defined   as  any  system  or 

9-7 



AMCP 706-132 

^-~>y 
DIFFERENTIAL 

PRESSURE 

TRANSDUCER 

—W   ALARM   1 

' 
TEST POINT 

CAPPED TEE) r1 
i 

1 

COMPRESSOR -Ö* REGULATOR FILTER H   »I IHN  i 
I —S> 

6 
PRESSURE GAGE 

l_ 
LOAC 

1 1 
J 

(A)   HYDRAULIC/PNEUMATIC SYSTEM 

|B|   ELECTRICALSYSTEM 

TACHOM ETER 

TEST POINT 

'TIMING MARK 

ENGINE 

\i 

(C)  MECHANICALSYSTEM 

Figure 9-4.   Built-in Troubleshooting Aids 

9-8 



AMCP  706-132 

device used to evaluate the operational condi- 
tion of a system or equipment to identify 
and/or isolate any actual or potential malfunc- 
tion. TMDE must give a measurement or in- 
dication of the operational condition of the sys- 
tem or unit under test (Ref. 5). Practically 
speaking, TMDE provides the man-machine 
interface enabling assessment of materiel per- 
formance parameters which the maintenance 
technician cannot directly see, hear, touch, or 
smell. 

TMDE has a significant influence on the 
overall diagnosis and troubleshooting process. 
This influence is felt primarily in the form of 
time, and in the form of skill and training re- 
quirements. TMDE also has a significant in- 
fluence on operational availability and mainte- 
nance and logistic requirements. These subjects 
are discussed in par. 9-2.5.3. 

9-1.2.3.1   TMDE and Personnel Interface 

As a general rule, diagnosis and trouble- 
shooting are the most time consuming elements 
of corrective maintenance performed on elec- 
tronic and electrical equipment. The time re- 
quired, however, can be reduced by application 
of TMDE that confines the human involvement 
either in terms of thought processes or physical 
activity. For example, an electrical test console 
simultaneously may present dozens of status in- 
dications of system or equipment performance 
to the technician/operator. Localization and 
isolation of a malfunction based upon these in- 
dications may require the mental assessment 
of many display combinations, each having 
significance relative to malfunction location. 
This same test console, if so designed, could 
be made to eliminate the requirement for much 
of this thought process, but at a probable in- 
crease in cost and complexity. 

Fig. 9-5 provides a simplified example of 
how TMDE can be designed to reduce human 
thought processes during diagnosis and trouble- 
shooting. Each section of the figure shows 
equipment comprised of a series string of func- 
tions A through C. Function B is dependent 
upon function A, and function C is dependent 
upon function B. A malfunction appearing at 
the output of a function will "ripple" through 
the string, causing malfunctions to appear at 
the outputs of subsequent functions. 

I TMDE TEST CON 

I*)    HUMAN DECISION 

I B)    AUTOMATIC DECISION 

figure 9-5.   TMDE and Human Factors Interface 

In Fig. 9-5 (A), the output of each function 
is monitored directly by an indicator on the 
TMDE test console. With this arrangement, an 
error at output function A will cause the ER- 
ROR A indicator to light, and, due to the ripple- 
through characteristic, also will cause ERROR 
B and ERROR C indicators to light. In this 
situation, the technician must follow a logical 
thought process and conclude that lighting of 
all error indicators actually means that function 
A has produced the error, and ERROR B and 
ERROR C indicators should be ignored. An er- 
ror at the output of function B (output of func- 
tion A being correct) results in the lighting of 
the ERROR B and ERROR C indicators, thus 
requiring yet a different diagnostic thought pro- 
cess. 
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Fig. 9-5 (B) depicts a TMDE design that 
performs the technician's thought process auto- 
matically. In this case, the actual error cause 
is the only one which produces a lighted in- 
dicator, regardless of the ripple-through char- 
acteristic of the series string. An error at the 
output of function A continues to produce er- 
rors at the outputs of functions B and C. The 
ERROR B indicator, however, is kept from 
lighting by the inverter and AND gate that pre- 
cede it. To light ERROR B indicator, the gate 
that drives it must be supplied with errors from 
functions A and B. While both of these errors 
actually exist, in the equipment, the error from 
function A is inverted by the TMDE and be- 
comes "error not A" (A) at the gate input. Thus, 
lighting of the ERROR B indicator is precluded. 
Likewise, lighting of the ERROR C indicator 
is precluded except in those cases when only 
the output of function C is erroneous. 

The design and/or selection of TMDE also 
influences the skill and knowledge levels re- 
quired of the maintenance technician. As dis- 
cussed in conjunction with the example in Fig. 
9-5, TMDE can be made to perform selected 
portions of the malfunction analysis process 
automatically, thus reducing the amount of 
knowledge required of the technician. 

Computer-based systems use the computer 
to accomplish automatic malfunction analysis 
of complex electronic materiel. The use of the 
computer to perform automatic fault isolation 
can minimize the skill level requirement of the 
maintenance technician and reduces required 
corrective maintenance time. The computer- 
based system normally encompasses features 
that include self-test, dynamic operational mon- 
itoring, automatic built-in fault isolation rou- 
tines, automatic visual displays or instructions, 
and software routines for detailed diagnosis. 

Typically, the computer-based system pro- 
vides automatic fault isolation to a module, cir- 
cuit board, or other replaceable part/assembly 
for a large percentage of the total failures. 
Dynamic monitoring of selected system func- 
tions during operational missions permits the 
computer to detect materiel malfunction imme- 
diately and to advance automatically into a pre- 
established fault isolation routine. The results 
of this routine may permit identification of a 

replaceable part/assembly, a group of replace- 
able items, or a major assembly. In the case 
of the latter, further isolation to a specific re- 
placeable item normally is accomplished by the 
use of additional software routines. The iden- 
tification of additional corrective action steps 
to be taken may be indicated by visual indi- 
cators such as alphanumeric displays or tape 
printouts. These indicators, combined with de- 
tailed instructions in technical manuals, provide 
the maintenance technician with the informa- 
tion he needs to perform the corrective main- 
tenance action. 

Since the computer-based system uses the 
computer to control both operational and fault 
isolation processes, it is of prime importance 
to insure satisfactory operation of the computer. 
This function normally is achieved through the 
use of built-in self-test features or through the 
use of these features in combination with de- 
tailed software routines. 

Computer-controlled TMDE normally is 
not used to troubleshoot nonelectronic materiel. 
However, the complexity of such materiel is in- 
creasing, and the maintenance technician must 
be provided with increasingly sophisticated 
TMDE in order to maintain skill and diagnostic 
time requirements at acceptable levels. 

While it is essential that TMDE selection 
be predicated upon the maintenance plan spe- 
cifically tailored for a particular system or 
equipment, the maintenance engineer should 
make every attempt to identify and use existing 
TMDE to the maximum extent possible. ., 

9-1.2.3.2   TMDE Index and Register 

Within the major commodity commands, 
there are numerous existing items of general 
and specialized TMDE. Department of the 
Army Pamphlet 700-21, The A m y Test Meas- 
urement and Diagnostic Equipment Register In- 
dex and Instructions, contains a comprehensive 
listing of the TMDE available within the vari- 
ous commodity commands. Fig. 9-6 depicts the 
information flow to and content of the register 
index. The source document for information 
contained in the register is the TMDE item 
technical description. The index basically is 
divided into two sections: the register index and 
instructions, and the managing command index. 
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TMDE ITEM 
TECHNICAL DESCRIPTION 

[ DA FORM 4062-Rl 

DATA SOURCE REGISTER TECHNICAL DESCRIPTION DATA SHEETS 

Figure 9-6.   Flow and Conteni of TMDE Index and Register 

The register index and instructions is a docu- 
ment that identifies the location of descriptive 
TMDE technical data contained in the register 
by nomenclature index, functional index, joint 
electronic type designation, system index, man- 
ufacturer's model number index, and material 
stock number index. The managing command 
index is on microfiche and identifies the TMDE 
by each AMC commodity command and selected 
DA agencies. 

The register technical description data 
sheets (DA PAM 700-20) are contained on 
microfiche cards or microfilm and consist of 
the five volumes as shown in Fig. 9-6. 

Secondary items such as panel meters, 
gages, and time totalizers are not considered 
significant TMDE for inclusion in the register; 
however, when items of this nature have un- 
usual characteristics and/or appear applicable 
to broad Army application, entry into the 
TMDE register is not precluded. Common tools 
and measurement tools normally in General 
Services Administration (GSA) stock catalogs 
also are excluded from the register as TMDE. 

9-1.2.4  Environment 

The maintenance environment has a 
significant influence upon the diagnosis and 
troubleshooting process. This influence perhaps 
is felt most strongly at the lower maintenance 
levels (user and field) where maintenance serv- 
ices typically are brought to the malfunctioned 
materiel. Some Army materiel categories that 
most frequently are involved in such cases are 
aircraft, combat vehicles, construction equip- 
ment, and missile systems. All of these cat- 
egories have certain characteristics in common, 
in that they tend to be fixed or relatively im- 
mobile, and particularly large and/or heavy. 
For the most part, they are "repaired where 
they fail", at least to the point where a mal- 
functioned component or assembly can be re- 
moved and returned to an established mainte- 
nance facility. 

In-place diagnosis and troubleshooting may 
mean exposure to the full range of climatic con- 
ditions: high humidity, rain, wind, excessive 
heat or cold, and snow or ice. For this reason, 
it is extremely important that the maintenance 
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technician be provided with an effective 
combination of system design, built-in trouble- 
shooting aids, and TMDE. It is also important 
that the complexity of maintenance tasks be 
reduced to the lowest possible level. 

The diagnosis and troubleshooting process 
in an adverse environment requires that system 
or equipment packaging be arranged in readily 
replaceable components or assemblies. To assist 
in diagnosing and troubleshooting to the re- 
placeable item, such items should be functional 
in nature with a minimum number of interfaces 
with other system elements. 

Built-in troubleshooting aids and features, 
as well as TMDE, should provide discrete, 
unambiguous, go/no-go indications of system or 
equipment status. Precise, quantitative meas- 
urements require exactness and concentration 
on the part of the maintenance technician, and 
are not compatible with an adverse environ- 
ment. 

Equally important to the functional pack- 
aging of materiel is the matter of providing 
adequate accessibility. Aircraft designs, which 
must exhibit high structural strength at min- 
imum weight, normally have poor maintenance 
access characteristics. Environ- 
ment/temperature control equipment, such as 
heating and air conditioning units, generally be- 
ing an integral part of a building or equipment 
structure, also may present access difficulties. 

Timely application of good maintenance 
engineering practices during design of a system 
can be of significant value in reducing overall 
troubleshooting and maintenance difficulty. 
Frequently, a design arrangement unfavorable 
to maintenance occurs because the designer is 
not aware of the optimum maintenance param- 
eters for the planned operation and support. 

In summary, certain types of systems and 
equipments inherently yield an unfavorable 
maintenance environment, or are operated and 
maintained in an unfavorable environment. The 
maintenance engineer can alleviate 
environment-related deficiencies by insuring 
that an accessible, functionally arranged me- 
chanical and electrical packaging design is 
used, and that both TMDE and built-in trouble- 
shooting aids and features are designed to pro- 
vide for direct, unambiguous diagnosis and 
troubleshooting and subsequent repair. 

9-12 

9-1.3   DIAGNOSISAND TROUBLESHOOTING 
CONSIDERATIONS BY ARMY COMMAND 
CATEGORY 

The preceding paragraphs discuss the prin- 
ciples of diagnosis and troubleshooting and fac- 
tors that influence their accomplishment. The 
paragraphs that follow describe how the prin- 
ciples and factors affect the diagnosis and 
troubleshooting accomplished during corrective 
maintenance of the major categories of Army 
materiel. These categories are: 

a. Fixed plant/defense communications 
and United States Army Security Agency 
(USASA) equipment 

b. Army aircraft 

c. Automotive and mobile electrical power 
generating equipment 

d. Combat vehicles 

e. Construetion/materiel handling equip- 
ment 

f. Small arms 

g. Environment/temperature control 
equipment 

h. Weapon systems 

i. Missile systems 

j. Munitions 

k. Computer-based electronic systems 

1. Tactical communication and electronic 
equipment. 

9-1.3.1   Fixed Plant/Defense Communications and 
USASA Equipment 

This equipment category includes radio, 
teletype, facsimile and similar types of terminal 
equipment, data transmission systems, and as- 
sociated security devices. Heavy-duty radio 
transmitters and microwave elements within 
this category tend to be fixed equipment by 
virtue of their size, weight, and interfaces with 
power sources and antennas. While much of the 
equipment in this category is purely electronic 
in nature, items such as facsimile and teletype 
devices also incorporate mechanical and electro- 
mechanical components. Other items, such as 
large transmitters, which dissipate particularly 
high energy levels, may incorporate pneumatic 
or liquid cooling provisions. On-site mainte- 
nance of fixed plant/defense communications 
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and USASA equipment thus varies consid- 
erably, depending upon the particular item in- 
volved. Relatively small items such as receivers, 
coders, and low capacity power supplies simply 
may be replaced with an operable repair part 
and returned to a maintenance shop for 
diagnosis, troubleshooting, and repair. For more 
recent equipment incorporating solid state com- 
ponents, diagnosis and troubleshooting typically 
are performed to the replaceable subassembly 
or module level. Defective subassemblies either 
may be returned subsequently to a depot for 
repair or discarded. Such a decision generally 
is based upon maintenance engineering 
analyses, which compare the economic and 
technical factors associated with each approach. 

Diagnosis and troubleshooting of malfunc- 
tions occurring in large, fixed equipment gen- 
erally are performed on a readily replaceable 
component or assembly initially, with the re- 
placed item then being removed for further, 
more detailed repair in a shop facility. At times, 
however, diagnosis and troubleshooting must be 
performed to the most detailed part level. This 
is particularly true in those cases where 
malfunctions occur in internal equipment wir- 
ing harnesses, or where even the discrete piece 
part itself represents a large and bulky item. 
An example of this latter case might be a final 
output tube from a high-power radio transmit- 
ter. 

Large, centralized communication offices 
or centers generally are equipped with both 
troubleshooting aids within the various individ- 
ual equipments and centralized monitoring con- 
soles or panels that relate the operational status 
of the overall installation. Abnormal indications 
reflected at the centralized monitoring facility 
generally can be relied upon to localize the 
source of a malfunction to a specific equipment 
or equipment grouping. Further localization and 
isolation to the replaceable item then are ac- 
complished by use of a combination of trouble- 
shooting aids built into the equipment and 
selected items of TMDE. 

Such TMDE is of two basic kinds: standard 
and special purpose. Typical examples of stand- 
ard TMDE are meters, oscilloscopes, and signal 
generators. Typical examples of special-purpose 
TMDE are telegraph test sets, printed circuit 
card testers, and envelope delay test sets. 

The environment in which maintenance of 
fixed plant/defense communications and 
USASA equipment is performed generally is fa- 
vorable, primarily because much of the equip- 
ment requires a temperature- and humidity- 
controlled operating environment. Of necessity, 
antenna arrays and their supporting structure 
frequently are exposed to the elements, 
although radomes and other devices are used 
when the equipment protection they afford is 
required. 

Problems associated with diagnosis and 
troubleshooting of large-scale communication 
systems arise out of the vast quantity of inter- 
faces involved, and the necessity for close co- 
ordination of all maintenance activities so that 
vital communication paths will not be dis- 
rupted. 

9-1.3.2   Army Aircraft 

Army aircraft are classified as either 
fixed-wing or rotary-wing. The fixed-wing air- 
craft are used for observation, transportation, 
and training purposes. The rotary-wing aircraft 
(helicopters) are used for attack and utility 
purposes in addition to those mentioned for 
fixed-wing aircraft. 

Both aircraft classes are comprised of nu- 
merous and complex functional systems. The 
structural systems primarily are made up of 
the fuselage, tail boom, and alighting or landing 
gear. The mechanical drive system consists of 
power plant, drive shafts, transmission, rotors 
or propellers, and gearboxes. The hydraulic sys- 
tem in helicopters is a manual assist to the 
mechanical flight control system. In fixed-wing 
aircraft and large transport helicopters with 
landing wheels, a hydraulic system controls the 
brakes. Fuel control systems control the rate 
at which fuel is admitted to the respective en- 
gines. The electrical equipment includes bat- 
teries, generators, wiring, lights, and aircraft 
instruments. The utility equipment includes 
heating and air conditioning systems. The 
avionic system consists of instruments, and 
communication and navigation equipment. 

Attack helicopters are equipped with 
armament that has a variety of mechanical, 
electrical, and hydraulic functions. 
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Diagnosis and troubleshooting activity be- 
gins with observations of instrument panel in- 
dicators and caution panel warning lights. It 
is augmented by observation of fluid leaks, 
blade strikes, hard landings, and unusual 
sounds. The use of spectrometric oil analysis 
to locate component wear is another step in 
the diagnosis and troubleshooting activity. 

Many standard items of TMDE are now 
available for scientific support of aircraft main- 
tenance (see the TMDE register). These stand- 
ard items as well as special devices such as 
test stands for engines, fuel controls, servos, 
fuel systems, and ordnance launchers should be 
used when indicated by the technical manuals. 

The Automatic Inspection, Diagnostic and 
Prognostic System (AIDAPS) is now being de- 
signed for the life cycle support of U.S. Army 
Aircraft. The AIDAPS techniques are aimed at 
the problems that cause the cost of maintaining 
Army aircraft to be so high. AIDAPS will mon- 
itor the indicators of mechanical and functional 
performance degradation with airborne equip- 
ment. The collection of vibration, pressure, and 
temperature data will be the basis from which 
trends toward component failure will be ob- 
served. The major aircraft components such as 
engine, transmission, gearboxes, and drive 
shafts will be removed and replaced only when 
their condition warrants it. Maintenance man- 
hours will be lower. Expectations are that there 
will be fewer incorrect diagnoses and the re- 
quirements for replacement parts will be re- 
duced. 

Because of the size, weight, and handling 
characteristics of aircraft, most maintenance at 
the lower levels is performed at the aircraft 
in the existing natural environment. In addition 
to climatic extremes, the environment may in- 
clude maintenance locations that are unimprov- 
ed in terms of access roads, parking ramps, 
and other commonly expected features. This is 
true particularly during periods of active enemy 
engagement, when aircraft operate from for- 
ward arearesupply points. 

Problems associated with the diagnosis and 
troubleshooting of Army aircraft center about 
the poor access characteristics that most air- 
craft exhibit, and the necessity for insuring that 
aircraft flightworthiness and safety have not 
been compromised due to maintenance.  Simply 

stated, malfunctions related to aircraft or crew 
safety must be diagnosed correctly and positive- 
ly the first time. 

9-1.3.3  Automotive and Mobile Electrical Power 
Generating Equipment 

Automotive and mobile power generating 
equipment, like aircraft, represents a mix of 
functions. Involved are mechanical engines and 
drive trains, fuel systems, electrical systems, 
etc. Maintenance of this equipment, however, 
is understood more commonly than aircraft 
maintenance due to its performance at virtually 
every Army installation and its similarity to 
conventional commercial vehicle maintenance. 

The TMDE used in the diagnosis and 
troubleshooting process is largely of a standard 
variety, although some specialized items are 
used. These include: 

a. Speedometer testers 

b. Engine exhaust analyzers 

c. Fuel injection system testers 

d. Steering alignment test stands 

e. Generator, voltage regulator, and starter 
test stands 

/   Specialized gages. 

The environment in which diagnosis and 
troubleshooting are performed varies widely. 
Emergency repairs, or correction of vehicle- 
disabling malfunctions, often are made at the 
vehicle or generator set. Other malfunctions 
normally are diagnosed and repaired at estab- 
lished maintenance facilities. 

Diagnosis and troubleshooting frequently 
are hampered by the necessity for dismantling 
large portions of the equipment before the con- 
dition of a suspected component or part can 
be assessed. 

9-1.3.4  Combat Vehicles and Construction/Materiel 
Handling Equipment 

A combat vehicle is defined as a land or 
amphibious vehicle, with or without armor or 
armament, designed to perform specific func- 
tions in combat. They may be wheeled or track- 
ed vehicles, but in all cases are designed for 
high mobility in cross-country operation. Com- 
bat vehicle types include tanks, armored per- 
sonnel carriers, self-propelled, tracked artillery, 
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and other track-laying vehicles, whose primary 
purpose is delivery of firepower, supplies, 
and/or personnel (Ref. 6). 

Construction equipment includes 
automotive vehicles, earth movers, cranes, bat- 
ching plants, crushers, pavers, mixers, gener- 
ators, compressors, pumps, drills, welders, 
forms, and other items of equipment (excluding 
hand tools) used or capable of being used in 
construction work (Ref. 1). 

Materiel handling equipment comprises 
items such as cranes, hoists, davits, dollies, and 
slings used for handling of end items. Equip- 
ment formally designated as material handling 
equipment also may be used to handle materiel. 
Included in this category are forklifts, platform 
lift trucks, warehouse cranes, straddle trucks, 
etc. Handling equipment is either mobile within 
itself, as in the case of a forklift, or mounted 
on a mobile platform, as in the case of a crane. 

The combat vehicle and construe- 
tion/materiel handling equipment Army com- 
mand categories are combined because of their 
similarity in nature: large, bulky, heavy, and 
mobile to a common degree (tracked or multi- 
wheeled) and not basically "road" vehicles in 
the sense of automobiles or conventional trucks. 

This category of equipment has the char- 
acteristics of automotive and mobile electric 
power generating equipment (par. 9-1.3.3) in ad- 
dition to extensive hydraulic systems incorpo- 
rated because of hardware bulk in the case of 
combat vehicles, and hardware function in the 
case of construction equipment. 

The TMDE used in the diagnosis and 
troubleshooting process includes items related 
to the automotive and mobile electrical power 
generating equipment category (par. 9-1.3.3). In 
addition, peculiar TMDE for this category in- 
cludes: 

a. Cross-drive transmission test systems 

b. Multiple drive chassis dynamometers 

c. Specialized optics testers (for armament 
items) 

d. Barrel wear gages 

e. Wheel and shaft balancers. 

Repair of failures that immobilize this 
equipment normally is performed at the phys- 
ical location of failure because the size, weight, 

and mobility characteristics of the equipment 
make on-site maintenance more desirable than 
returning to shop facilities. This is true 
especially in the case of tracked vehicles (tanks, 
armored personnel carriers, bulldozers, etc.) 
when failure of the tracks, rollers, idlers, or 
other components of the propulsion system 
would make retrieval difficult. As a result, the 
maintenance environment may vary widely 
from favorable to hostile. 

The problems associated with diagnosis 
and troubleshooting are related to the size, bulk, 
and weight of the equipment and the main- 
tenance environment, which, because of im- 
mobility of equipment, may be hostile. 

9-1.3.5   Small Arms 

Small arms are comprised of individual 
and crew served weapons through 0.60 caliber, 
as well as all types of grenade launchers. Be- 
cause of the density of this equipment, main- 
tenance personnel are able to maintain profi- 
ciency in the identification and rapid repair of 
malfunctions. 

The majority of the diagnosis and trouble- 
shooting of this equipment is through visual 
examination and by the performance of me- 
chanical measurements for tolerance, wear, etc. 
Both organizational and field maintenance nor- 
mally result in the replacement of worn, 
broken, or missing parts. In addition, the field 
maintenance level performs all required adjust- 
ments and those alignments that can be ac- 
complished without heat treatment or special 
jigs- 

The TMDE consists largely of measuring 
devices such as gages. 

The maintenance environment in which 
diagnosis and troubleshooting are performed is 
reasonably favorable. Because of the size and 
weight of small arms, the organizational tech- 
nician, at worst, will work in a tent or covered 
truck. Field level shelters will be as good or 
better. During combat, shelters at both levels 
are subject to hostile fire. 

There are no particular diagnosis and 
troubleshooting problems associated with small 
arms. The causes of most problems that can 
be  corrected at the lower maintenance levels 
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can be identified readily because of the ac- 
cessibility of virtually all operating parts to vis- 
ual inspection. 

9-1.3.6  Environment/Temperature Control 
Equipment 

Environment/temperature control equip- 
ment includes air conditioning, dehumidifica- 
tion, heating, and refrigeration equipment. The 
equipment represents a combination of elec- 
trical, hydraulic/pneumatic, and mechanical 
functions or subsystems. 

Maintenance of this equipment at the or- 
ganizational level usually is limited to the re- 
placement of defective materiel such as blower 
motors, compressors, condensers, valves, etc., 
which do not require special tools or equipment, 
breaking into the refrigerant circuit, complex 
or critical adjustments, or charging, flushing, 
or alignment after replacement. Field mainte- 
nance consists of the repair of ducting, 
hoses/piping, condensers, evaporators, 
coils/cores, and refrigerant leaks, and of the 
flushing and recharging of systems. Consid- 
erable preventive maintenance on this equip- 
ment is performed in the nature of cleaning 
and checking of operating fluid levels, pres- 
sures, etc. Typical specialized TMDE used in 
the diagnosis and troubleshooting process in- 
cludes: 

a. Cryogenic refrigerator test set 

b. Relative humidity tester 

c. Refrigerant service kit. 

The environment in which diagnosis and 
troubleshooting are performed varies widely 
and will depend upon the category of equipment 
that is being protected by the environ- 
ment/temperature control equipment. 

Diagnosis and troubleshooting of this type 
of equipment are hampered by a lack of built-in 
aids and features (for example, a refrigeration 
system normally does not provide test points, 
and thus charged lines must be tapped or other- 
wise opened to verify operation of the refrig- 
erant system). In addition, since these equip- 
ment types perform controlling functions, the 
influence due to the control/monitoring inter- 
face may present difficulty in the diagnosis and 
troubleshooting  of alignment  and  calibration 

problems. For example, unsatisfactory tem- 
peratures in an air conditioned facility can 
result from inadequate equipment operation, or 
from improper planning regarding external 
temperatures, facility heat transfer coefficients, 
internal heat generated by personnel and 
materiel, efficiency of air distribution ducts, 
etc. 

9-1.3.7 Weapon Systems, Missile Systems, and 
Munitions 

A weapon system is a weapon and those 
components required for its operation. It is a 
composite of equipments, skills, and techniques 
that form an instrument of combat. The com- 
plete weapon system includes all related facil- 
ities, equipment, materiel, services, and person- 
nel required for the support and operation of 
system elements so that the instrument of com- 
bat becomes a self-sufficient unit of striking 
power in its intended operational environment 
(Ref. 1). 

Most Army weapon systems include 
several of the major Army materiel categories 
listed in par. 9-1.3. Since a missile weapon sys- 
tem includes a missile system and munitions, 
it was decided to discuss the diagnosis and 
troubleshooting of weapon systems, missile sys- 
tems, and munitions as an integrated function 
by using the currently deployed PERSHTNG la 
Field Artillery Missile System as a data source. 

9-1.3.7.1   Maintenance Concept 

The maintenance concept for a weapon 
system basically is the optimized integration of 
the individual maintenance concepts for each 
of the materiel items comprising the total sys- 
tem. The general philosophy for the mainte- 
nance concept of a weapon system emphasizes: 

a. Elimination of or minimal requirements 
for disassembly of equipment by using units 
in the performance of authorized maintenance 
operations 

b. Accomplishment of corrective mainte- 
nance below depot level primarily by the re- 
placement of modules (components and assem- 
blies) rather than piece parts; i.e., modular 
maintenance 
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c. Use by support maintenance units of 
highly mobile (to include air transport) contact 
teams to provide support to using units on-site 
when cost-effective and justified by operational 
requirements 

d. Direct exchange by maintenance support 
units of designated modules and nonvehicular, 
mission-essential end items from serviceable 
stocks for unserviceable like items rather than 
repair and return of the same item to the sup- 
ported unit 

e. Use of maintenance float to provide im- 
mediate replacement of vehicular, mission- 
essential end items requiring or undergoing ex- 
tended repair or scheduled depot maintenance. 

The basic maintenance support structure 
(e.g., organizational, direct support, general 
support, and depot maintenance) must accom- 
modate all types of support; however, it permits 
a variety of alternative approaches to the sup- 
port of a specific item. In developing concepts 
for the maintenance  support of specific  com- 

modities or weapon systems, consideration must 
be given to tailoring this basic support struc- 
ture to the particular commodity or system. 
This assures the most effective and efficient 
use of maintenance resources in sustaining the 
required degree of operational availability of 
the item. Combining categories of the basic 
maintenance support structure, when cost- 
effective, may be used for this purpose. For 
example, all maintenance operations to be per- 
formed below the depot maintenance level may 
be allocated to the organizational maintenance 
category, or a single level of support mainte- 
nance (combined direct and general support) 
may be established between the organizational 
and depot maintenance categories (Ref. 7). 

The maintenance concept for the PER- 
SHING la missile system is presented in par. 
4-3.2.1. The total weapon system consists of fir- 
ing equipment, support equipment, and an- 
cillary equipment. The diversification of types 
of equipment categories within a weapon sys- 
tem is illustrated in summary form in Table 
9-1 for the PERSHING la missile system. 

TABLE 9-1.  WEAPON SYSTEM EQUIPMENT AN D TYPE CATEGORIES 
(PERSHING 1a) 

Major Items Function 
Type Categories or 

Classification 

Firing Equipment: 
Programmer-Test Station 
(PTS) 

Erector-Launcher (EL) 

Programs the trajectory of 
the missile, automatically 
controls the firing sequence, 
performs simulated airborne 
missile operation test, and 
provides the operator with 
visual indications of the fir- 
ing sequence. 

Provides a base to hold and 
transport the missile during 
ground operation, a means to 
erect the missile for launch, 
and a level platform from 
which to fire the missile. 

Digital computer, analog 
circuitry, air conditioning, 
heating, tape reader, 
printer 

Mechanical, hydraulic, 
electrical, electro- 
mechanical 
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TABLE 9-1.  WEAPON SYSTEM EQUIPMENTAND TYPE CATEGORIES 
(PERSHING 1a) (Cont'd) 

Major Items Function 
Type Categories or 

Classification 

Power Station (PS) 

Radio Terminal Set (RTS) 

Azimuth Laying Set (ALS) 

Missile (1st stage, 2nd 
stage, guidance section, 
warhead section) 

Equipment Carriers 

Support Equipment: 
Power Station, Trailer 
Mounted (PSE) 

System Components Test 
Station (SCTS) 

Field Maintenance Shops 

Ancillary Equipment: 
Wrecker, davit, lift trucks, 
hoisting beams, multiple- 
leg slings, shipping and 
storage containers, 
boarding ladders, winteriza- 
tion kits 

A skid-mounted, self- 
contained power source that 
produces AC and DC electric 
power, high-pressure air, and 
conditioned air. 

A self-contained, trans- 
portable shelter that pro- 
vides both voice and teletype 
systems. 

Provides for alignment of 
the missile platform to the 
firing azimuth. 

Performs propulsion and 
guidance functions, and 
transports warhead to 
target. 

Provide mobility for the ma- 
jor items: PTS/PS, EL, and 
RTS. Carriers consist of 
5-ton 8x8 trucks and semi- 
trailer vehicles. 

Provides the power source 
for rear area facilities. 

Used in performing rear area 
maintenance. 

Provide a mechanical and 
electrical repair capability. 

Provides for efficient stor- 
ing, handling, and loading of 
the system under varying 
transport and firing condi- 
tions; heating and insulation 
against weather are provid- 
ed. 

Electrical power gener- 
ating equipment (DC gen- 
erators, AC generator), air 
conditioning, pneumatics, 
turbine engine, batteries, 
electrical, mechanical, 
electromechanical 

FM transmitters, FM re- 
ceivers, teletypewriter, an- 
tenna, engine generator 
set, gasoline engine 

Tripods, theodolites, elec- 
trical controls, and lathe 
bed 

Airborne computer, stabi- 
lized platform, inverter, 
distributor, munitions, hy- 
draulics, electronics, elec- 
trical, pneumatics 

Automotive 

45-kW generators, DC 
generators, air condi- 
tioning, air compressor 

Same features as PTS; in 
addition, contains pneu- 
matics and assembly test 
equipment 
Portable test equipment, 
mechanical tools, etc. 

Handling equipment, me- 
chanical, hydraulic, 
automotive, heating 
blankets, gasoline-fired 
heater, etc. 
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9-7.3.7.2  Diagnosis and Troubleshooting 

The diagnosis and troubleshooting process 
of a weapon system is a function of the inherent 
design of the equipment items comprising the 
whole and of the system maintenance concept. 
Adherence to the following general design and 
procedure guidance will facilitate the accom- 
plishment of weapon system diagnosis and 
troubleshooting: 

a. Use go/no-go displays. 

b. Incorporate an adequate number of ac- 
cessible test points for either automatic or man- 
ual monitoring. 

c. Provide automatic fault isolation when 
cost-effective and applicable to the materiel 
type. 

d. Provide brief, simple, step-by-step pro- 
cedures. 

The foregoing guidance was followed in 
PERSHING support planning and is reflected 
in the paragraphs that follow. 

Diagnosis and troubleshooting of the 
programmer-test station are accomplished auto- 
matically with its computer and programmed 
tapes. A computer diagnostic tape is used for 
fault isolating the computer, maintenance pan- 
el, tape reader, and countdown control panel. 
An adapter diagnostic tape is used for fault 
isolating the adapter and wiring harnesses go- 
ing to the cable entry panels. Isolation by au- 
tomatic means is to within one to five cards 
or modules for 85 percent of the failures. The 
card and module test set diagnostic tape is used 
for fault isolating components in the test set. 
Automatic troubleshooting is used also for 
isolating defective printed circuit cards and 
modules by use of the card and module test 
set, and one of two card and module pro- 
grammed tapes. Display of the step number and 
reference to the technical manual enable the 
maintenance technician to perform the recom- 
mended corrective action. For the small per- 
centage  of cases  not  isolated  automatically^ 

manual procedures are provided. 
Fault isolation of the erector-launcher is 

accomplished by the monitoring of go/no-go in- 
dications on the control panel and pressure 
gages on the hydraulic system in addition to 
the use of the human senses for observation 

of abnormalities in mechanical and hydraulic 
operations. 

The ordnance (propulsion motor bottles, 
shaped charges, etc.) is handled under 
cognizance of the Armament Command. Gen- 
erally speaking, the area of prime concern re- 
lated to munitions is safety of personnel and 
materiel. Safety includes the consideration of 
handling during shipping and storage (i.e., the 
type of packaging, marking, etc.), ammunition 
storage (i.e., location, quantity-distance rela- 
tionships, magazine storage, stability of muni- 
tions), and the special handling and procedures 
established in case of ammunition malfunction 
(i.e., area evacuation, special personnel, contain- 
erization, special facilities, and location). 

Fault isolation of the power station is 
provided by monitoring its status panel and by 
the use of detailed step-by-step troubleshooting 
procedures (see Fig. 4-5). 

Automatic fault isolation to the missile 
section level is accomplished by monitoring the 
operational status of the missile with the 
programmer-test station. 

The system components test station (SCTS) 
is used to perform rear area maintenance. As 
a housed mobile center, the SCTS uses a com- 
puter and tape programs for testing missile sec- 
tions, together with assemblies, cards, relays, 
and modules from the guided missile and as- 
sociated ground support equipment. Diagnostic 
tape programs also are provided for verification 
and troubleshooting of major SCTS assemblies. 
The SCTS contains a dismounted programmer- 
test station and has facilities whereby one mis- 
sile guidance section can be tested and another 
repaired simultaneously under controlled tem- 
perature conditons. 

Both organizational   and field technical 

manuals for the PERSHING system contain 
functional description data presented as func- 
tional description .diagrams, power distribution 
diagrams, block diagrams, and schematics. De- 
scriptive text is integrated within the diagram 
itself. Fault isolation data are presented as 
troubleshooting diagrams and tables and are 
used in conjunction with the functional descrip- 
tion data to locate malfunctions from an overall 
system level, through the assembly and chassis 
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level, to a card, relay, or component level. The 
presentation of fault isolation and functional 
description used is an adaption of the Symbolic 
Integrated Maintenance Manuals (SIMM's) 
method of presentation. The maintenance tech- 
nician uses the functional description and fault 
isolation data presented in this manual for the 
following: 

a. Familiarization with the functional 
aspects of the equipment 

b- Troubleshooting the equipment at a sys- 

tem level 

c. Analyzing self-test and diagnostic pro- 
grams. 

In addition, rear area technical manuals 
contain diagnosis and troubleshooting proce- 
dures for assemblies and chassis of the SCTS, 
programmer-test station (PTS), erector-launcher 
(EL), and the missile that can be fault isolated 
as units under test (UUT's), using automatic 
troubleshooting test equipment contained in the 
SCTS van. Each maintenance data package con- 
tains a UUT program, an exploded view of the 
UUT being tested, and a schematic of the UUT. 
The technical manuals also contain procedures 
for checking printed circuit cards, modules, and 
relays contained in the SCTS, EL, PTS, and 
missile. The test equipment contained in the 
SCTS van accomplishes this checkout by means 
of programmed tapes. In addition, the manuals 
contain procedures for checking a missile first 
stage in container, a missile second stage in 
container, a missile guidance section in contain- 
er, a guidance section on test dolly, missile sec- 
tions (less warhead section) in containers, vari- 
ous tests of the guidance section inertial plat- 
form air supply system, and procedures for test- 
ing the azimuth laying control box. The main- 
tenance technician uses each of the procedures 
contained in the manual to accomplish a com- 
plete checkout of the missile system. 

The maintenance environment of the PER- 
SHING missile system varies from the all- 
weather conditions encountered at the firing 
site to the in-van, environmentally controlled 
conditions at the support unit.  Basically, the 

environments encountered for the materiel 
items are the same as those previously dis- 
cussed for the equipment categories that com- 
prise the system. The requirement for detailed 
maintenance in adverse environments is circum- 
vented to some extent by the use of float items 
and replacement of missile sections at the firing 
site. 

Diagnosis  and  troubleshooting problems 

are minimiz.ed by the ^extensive us.e of 
automated techniques. Malfunctions that do re- 
quire  manual  troubleshooting  generate the 
problems typical 0f the involved equipment cat- 
egory. 

9-1.3.8  Computer-based Electronic Systems 

Computer-based electronic systems are 
those electronic systems that have a computer 
as an inherent part of the prime equipment. 
In its operational role, the computer monitors, 
operates, and controls itself and the remaining 
prime materiel. Normally, the computer also is 
used to perform diagnosis and troubleshooting. 
In this role, it functions as described in par. 
9-1.2.3.1. 

Maintenance normally is accomplished at 
the organizational and direct support levels by 
the replacement of knobs, fuses, indicator 
lights, and other simple components, modules, 
printed circuit cards, etc. Module and card re- 
pair is accomplished at the general support lev- 
el and/or depot level. 

The computer normally serves as the 
prime TMDE at the organizational and direct 
support levels. Specialized TMDE is used to re- 
pair cards, modules, etc. 

The diagnosis and troubleshooting environ- 
ment normally is favorable, since the equipment 
frequently is installed in temperature- and 
humidity-controlled environments. 

Diagnosis and troubleshooting problems 
virtually are nonexistent when the computer is 
operating properly. Diagnosis and trouble- 
shooting of a failed computer that cannot lo- 
calize and/or isolate the fault require, at a min- 
imum, general-purpose electronic TMDE, wiring 
diagrams, maintenance procedures, and highly 
skilled personnel. 
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9-1.3.9 Tactical Communication and Electronic 
Equipment 

In addition to tactical communication 
equipment, this materiel category includes mis- 
siles, fire control and fire distribution equip- 
ment, avionic and optical systems, communi- 
cation security (COMSEC) materiel, etc. Dis- 
cussion will be limited to tactical communica- 
tion, optical, and COMSEC equipment since the 
other equipment types, or similar types, are dis- 
cussed in the preceding paragraphs. 

Preventive maintenance consists of inspec- 
tion, test, cleaning, minor adjustments, etc. 
With the exception of COMSEC materiel, or- 
ganizational corrective maintenance consists of 
the replacement of modules that are easy to 
remove and replace, repair of cable assemblies, 
cable connectors, etc., and the replacement of 
components such as knobs, lamps, and fuses. 
For COMSEC materiel, organizational correc- 
tive maintenance normally involves the removal 
and replacement of end items, and of compo- 
nents similar to those previously identified. 

Direct support maintenance accomplishes 
limited piece part repair on all except COMSEC 
materiel, the repair of which normally is lim- 
ited to the exchange of plug-in modules. Gen- 
eral support maintenance accomplishes piece 
part repair on all of the materiel types. Avionic 
materiel (less COMSEC materiel) receives all 
support maintenance at a single aviation in- 
termediate support maintenance level. 

There are no significant environmental 
problems associated with the diagnosing and 
troubleshooting of these materiel types. Equip- 
ment that is not installed and/or used in a pro- 
tected environment is designed to permit evac- 
uation of the complete item, or of easily re- 
moved, replaced, and transported modules, to 
a protected environment. 

Except for faults, such as burned out 
lamps and fuses, and broken wires and con- 
nectors, that are obvious visually, diagnosis and 
troubleshooting are accomplished with a wide 
range of both special- and general-purpose 
TMDE. 

One type of built-in TMDE which is seeing 
increasing application involves the use of in- 
tegrated circuits and light-emitting diodes 
(LED). For example, one or more integrated cir- 
cuits are designed to monitor the output of a 

complete module, such as a printed circuit card, 
and to illuminate a LED when the output is 
faulty. The integrated circuits are mounted on 
the card. The LED can be mounted on the card, 
or several can be grouped on a display panel. 
The organizational level diagnosis and trouble- 
shooting processes are accomplished by observ- 
ing that a LED is illuminated and identifying 
its associated card. Fault correction is accom- 
plished by replacing the card. Depending upon 
the maintenance concept, the card is evacuated 
to a higher maintenance level for fault veri- 
fication and repair or discard. 

9-2  FACTORS RELATED TO DIAGNOSIS 
AND TROUBLESHOOTING (Ref. 7) 

Human engineering includes the determi- 
nation of man's capabilities and limitations as 
they relate to the operation, maintenance, and 
control of systems, and the application of this 
knowledge to the planning, design, and testing 
of each system to insure efficient, reliable, and 
safe human performance. Human factors is a 
more comprehensive term and is defined as a 
body of scientific facts about human charac- 
teristics. The term covers all biomedical and 
psychological considerations, including human 
engineering, life support, personnel selection 
and training, training equipment, job perform- 
ance aids, and performance measurement and 
evaluation (Ref. 1). 

The human engineer studies the human be- 
ing as a user of equipment, and the equipment 
as a tool for a task. In liaison with hardware 
engineers and designers, human engineers seek 
to develop new and improved man-equipment 
interfaces that will simplify the operator's task 
and increase the probability of mission accom- 
plishment. 

Diagnostic and fault isolation techniques 
for equipment vary from manual (measure- 
ments of voltage, waveforms, fluid level, pres- 
sure, etc.) to automatic checkout techniques, 
alarm systems, and go/no-go indicators as fault 
locators. 

In the overall diagnosis and trouble- 
shooting action for items within the Army com- 
mand categories,  there are several particular 
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areas related to the biomedical and psy- 
chological considerations that relate to man in 
a system: These areas are: 

a. Control and display integration 

b. Visual displays 

c. Auditory displays 

d. Controls 

e. Labeling 

/  Environment 

g. Accessibility. 

Visual displays provide the operator with 
a clear indication of the equipment or system 
condition. The operator must understand the 
presented information and, with minimum ef- 
fort and delay, convert it into correct decision 
and/or control actions. Frequently, the displays 
are affected by the locations and operating 
methods of associated controls. These displays 
and controls should be designed and located so 
that the operator, with little or no training, 
will select the correct control and operate it 
in a manner designated by the display. 
Auditory alarm signals should be used to 
complement visual displays when extreme cau- 
tion is mandatory, system or personnel safety 
is endangered, and immediate action is re- 
quired. 

Proper labeling should be provided at test 
points, supplemented by detailed trouble- 
shooting diagrams, to aid in the step-by-step 
manual troubleshooting process. Proper iden- 
tification of items, test points, and other areas 
prevents the conduct of inadvertent mainte- 
nance actions. 

Man functions as a data-sensing device, re- 
ceiving information through extremely com- 
plicated sensory mechanics. Each human sense 
organ has upper and lower sensitivity limits 
that define the range of energies to which the 
organ normally responds, producing the sensa- 
tions of sight, hearing, taste, smell, and touch. 
Wide individual differences in data-sensing abil- 
ities exist which may be attributed to age, in- 
telligence, specific innate capacities, physi- 
ological condition, and amount of training. The 
effectiveness of maintenance, which includes 
diagnosis and troubleshooting, is determined by 
the extent to which prime equipment, test 
equipment, and work environments fall within 
the capabilities and limitations of the available 
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skills. These capabilities and limitations are of 
two principal kinds: physical limitations and 
maintenance skills. People vary in size, and 
therefore there are certain minimum and max- 
imum dimensions of workspace and equipment 
that must not be exceeded if a man is to work 
at all. People are limited in the amounts of 
force they can exert and in the weight they 
can lift and carry. These limits, in turn, de- 
termine the access to equipment, the weights 
of test equipment and replaceable units, and 
the location for maintenance. The maintenance 
skill level of personnel, assuming that the in- 
herent design has flexibility in maintenance, 
dictates the degree and level of diagnosis and 
troubleshooting in addition to the repair action. 
Normally, the least skilled individuals from the 
maintenance point of view are those associated 
with the operation of equipment. 

9-2.1    HUMAN FACTORSAND TRAINING 

In the training of personnel to perform 
diagnosis and troubleshooting, the basic human 
factors that should be considered are: 

a. Displays. These include both visual dis- 
plays and auditory signals and relate to infor- 
mation displayed, location and arrangement, 
coding, and signal type (tones, complex sounds, 
and speech). 

b. Controls. These include arrangement 
and grouping, coding, and types of controls. 

c. Anthropometry. This includes consid- 
eration of the nature, frequency, and difficulty 
of the related tasks, the position of the body 
during performance of these tasks, mobility or 
flexibility requirements imposed by the tasks, 
increments in the design-critical dimensions im- 
posed by the need to compensate for obstacles, 
projections, etc., and increments in the design- 
critical dimensions imposed by protective gar- 
ments, packages, lines, padding, etc. (Ref. 7). 

d. Hazards and Safety. These include safe- 
ty labels and general workspace hazards, 
equipment-related hazards, and electrical, me- 
chanical, and toxic hazards. 

The basic human factors are related to the 
inherent design of the materiel. At the time 
training begins, the system will have been de- 
signed and, through the guiding or influencing 
efforts of the maintenance engineering analysis 
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process, the features that enhance supportabili- 
ty, maintainability, and human factors will 
have been considered and/or incorporated. The 
training in relation to troubleshooting, as af- 
fected by the inherent design, can only dem- 
onstrate effective use of the human engineering 
design (e.g., displays, controls, anthropometry) 
and stress any unusual anthropometry require- 
ments, hazards, and safety precautions encoun- 
tered during the diagnosis and troubleshooting 
process. 

The complexity of military systems has 
resulted in tremendous increases in mainte- 
nance demands. In order to meet these in- 
creased demands, the services have been in- 
creasing both maintenance specialization and 
depth of training. These are required to equip 
technicians to accomplish reliable and timely 
maintenance that results in the satisfaction of 
operational availability requirements (Ref. 8). 

Troubleshooting complexity and capability 
are the two major variables that affect trouble- 
shooting time. Two major contributors to the 
time problem are the complexity of the required 
troubleshooting tasks and the reliability of the 
equipment. Complex troubleshooting tasks nor- 
mally are time consuming and require highly 
skilled personnel, while reliable equipment pre- 
vents the technician from gaining sufficient on- 
the-job experience to retain the knowledge 
learned during the training program. The solu- 
tions to these problems are to design equipment 
to make the troubleshooting tasks less difficult 
and to provide a means for retaining an ade- 
quate proficiency level. 

Equipment troubleshooting complexity can 
be reduced by designed-in maintenance aids. 
These aids range from simple test points to 
complex, fully automated diagnostic aids. An 
adequate troubleshooting proficiency level can 
be retained in two basic ways. First, the poten- 
tial problem can be eliminated or alleviated by 
using automatic troubleshooting equipment. 
Personnel can operate such equipment effective- 
ly by following very elementary procedures. The 
second way is to provide procedures that are 
so complete and clear that they could be fol- 
lowed by a person with virtually no training. 

9-2.2  MOS LEVELS 

Military occupational specialty (MOS) is a 
term used to identify a grouping of duty posi- 
tions having such close occupational or func- 
tional relationship that an optimal degree of 
interchangeability among persons ^p classified 
exists at any given level of skill. The military 
occupational specialty code is a fixed number 
that indicates a given military occupation spe- 
cialty (Ref. 9). 

The basic pattern of military personnel in 
acquiring the MOS begins with the basic com- 
bat training course, which is designed to pro- 
vide the basic skills and knowledge to fight and 
survive in the field. Upon graduation from basic 
combat training, personnel may take one of four 
training routes. These are: 

a. Assignment to a table of organization 
and equipment unit for on-the-job training 
(OJT) to qualify in an MOS or to use skills 
that were obtained in civilian life prior to Army 
entry. 

b. Assignment to a training center to 
participate in advanced individual training to 
qualify in a specific infantry, artillery, ord- 
nance, quartermaster, signal, transportation, 
etc., MOS. 

c. Assignment to a training center that 
conducts combat support training to qualify in 
specialties such as clerk, clerk typist, supply 
clerk, cook, wheeled vehicle mechanic, light 
truck driver, etc. 

d. Assignment to a service school to qual- 
ify in an MOS requiring more advanced tech- 
nical training. Assignment to a service school 
can occur directly after basic combat training, 
after a period of on-job-training with a unit, 
or after advanced training at an Army training 
center (Ref. 10). 

The MOS code consists of a combination 
of five alphanumeric characters as shown in 
Table 9-2. The elements are defined as follows: 

a. Occupational area is the term used to 
identify the major divisions of the MOS struc- 
ture and permit logical grouping of career 
groups having an occupational or functional fa- 
miliarity (see Table 9-3). 
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TABLE 9-2.  ELEMENTS OF MOS CODE (Ref. 11) 

1st 
character 

2nd 
character 

3 rd 
character 

4th 
character 

5 th 
character 

Elements (numeric) (numeric) (alpha) (numeric) (alpha) 

Occupational area Initial 
classifi- 
cation 

Career group Career group 
fication 

identi- 

MOS Specialty identification 

Skill level Identification of levels of specialization an 
leadership 

d 

Special qualification,     Identification  of parachutists,   special forces,  instructors, 
linguists, etc. 

TABLE9-3.   ENLISTED MOS CLASSIFICATION STRUCTURE 
(OCCUPATIONAL AREAS AND CAREER GROUPS) (Ref. 11) 

1. Tactical Operations 
11 Infantry-Armor 
12 Combat Engineering 
13 Field Cannon and Rocket Artillery 
15 Field Artillery Missiles 
16 Air Defense Missiles 
17 Combat Surveillance and Target Acquisition 

2. Missile and Fire Control Electronic Maintenance 
21 Ballistic Missile Electronic Maintenance 
22 Guided Missile Electronic Maintenance 
23 Missile Fire Control Electronic Maintenance 
24 Air Defense Missile Electronic Maintenance 
25 Fire Distribution System Repair 
26 Radar and Microwave Maintenance 
27 Combat Missile Electronic Maintenance 

3. General Electronic Maintenance 
31 Field Communication Equipment Maintenance 
32 Fixed Plant Communication Equipment Maintenance 
33 Intercept Equipment Maintenance 
34 Data Processing Equipment Maintenance 
35 Electrical/Electronic Device Maintenance 
36 Wire Maintenance 
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TABLE 9-3.  ENLISTED MOS CLASSIFICATION STRUCTURE 
(OCCUPATIONALAREAS AND CAREER GROUPS) (Ref. 11) (Cont'd) 

4. Precision Maintenance 
41 Precision Devices 
42 Prosthetic Appliances 
43 Textile and Leather Repair 
44 Metal Working 
45 Armament Maintenance 
46 Missile Mechanical Maintenance 

5. Auxiliary Services 
51 Construction and Utilities 
52 Power Production and Distribution 
53 Industrial Gas Production 
54 Chemical 
55 Ammunition 
57 General Duty 

6. Motors 
61 Marine Operations 
62 Engineer Heavy Equipment Operation and Maintenance 
63 Mechanical Maintenance 
64 Motor Transport 
65 Railway Maintenance and Operations 
67 Aircraft Maintenance 
68 Aircraft Component Repair 

7. Clerical 
71 Administration 
72 Communication Center Operations 
73 Finance 
74 Data Processing 
76 Supply 

8. Graphics 
81 Drafting and Cartography 
82 Surveying 
83 Printing 
84 Pictorial 

9. General Technical 
91 Medical Care and Treatment 
92 Laboratory Procedures 
93 Technical Equipment Operation 
94 Food Service 
95 Law Enforcement 
96 General Intelligence 
97 Special Intelligence 
98 Signal Intelligence 
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TABLE 9-3. ENLISTED MOS CLASSIFICATION STRUCTURE 
(OCCUPATIONALAREAS AND CAREER GROUPS) (Ref. 11) (Cont'd) 

0    Special Assignment 
00 Special Assignment (NEC) 
01 Special Requirements 
02 Bandsman 
03 Special Services 
04 Linguists 
05 Radio Code 
09    Reporting Codes 

b. Career group is the term used to iden- 
tify a grouping of technically related military 
occupational specialties having similar mental, 
physical, and psychological requirements (see 
Table 9-3). 

c. MOS is the alpha character which, in 
combination with the first two characters, iden- 
tifies the specific military occupational special- 
ty without regard to level of skill. For example, 
within group 21, ballistic missile electronic 
maintenance, "G" designates a PERSHING elec- 
tronic materiel specialist. 

d. Skill level is one of five levels as defined 
in Table 9-4. 

e. Special qualification identifies special 
qualifications which are common to a number 
of specialties. This character is 0 when no spe- 
cial qualification is required or when the in- 
dividual is not qualified for the award. 

The levels of skill increase in relation to 
the military organizational levels (organiza- 
tional, direct and general support, and depot 
maintenance). Progression from the organiza- 
tional level to the depot maintenance level 
results in variance in the maintenance being 
performed from inspections, cleaning, servicing, 
preserving, adjusting, simple repair, and re- 
move/replace actions to the repair of assemblies 
and detailed overhaul types of operations. Each 
of these tasks requires higher skill levels, and 
the skill requirements at these levels of main- 
tenance are identified through the overall main- 
tenance engineering analysis process. 

Advancing technology, coupled with in- 
creased performance requirements for Army 
materiel, results in systems of ever-increasing 

complexity. Sophisticated test equipment is re- 
quired to monitor the operational status of 
those systems and to perform diagnosis and 
troubleshooting. High skill levels are required 
to maintain the prime and support equipment. 
Such levels are in short supply. 

Automatic fault isolation techniques may 
be advantageous both in providing the test 
capability and in the added function of reducing 
the number of maintenance personnel and the 
maintenance skill levels required to maintain 
the system. Such equipment automatically con- 
trols test sequences, compares responses with 
predetermined standards, and displays results. 
Consequently, qualitative and quantitative per- 
sonnel requirements are reduced. However, in- 
discriminate use or selection of automatic test 
equipment should be avoided, since it may be 
costly and induce additional support require- 
ments. 

Qualitative and quantitative personnel re- 
quirements must be reduced on a systematic 
basis. Although gross estimates of personnel re- 
quirements may be the product of feasibility 
studies conducted in the conceptual phase, the 
detailed qualitative and quantitative personnel 
requirements are developed during full-scale de- 
velopment. In order to influence and control the 
impact of the design on the final personnel and 
skill requirements, development specifications 
should reflect such factors as: 

a. Reduced requirements for field checkout 
personnel 

b. Reduced operator training requirements 

c. Reduced time requirements for checkout 
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TABLE 9-4.  M OS SKILL LEVELS 

Skill Level* Definition 

2 

3 

Identifies apprentice jobs involving simple tasks per- 
formed under general supervision or more difficult tasks 
requiring close supervision. 

Identifies journeyman jobs involving difficult tasks that 
require general supervision. 

Identifies advanced journeyman jobs involving tasks that 
are significantly different from and in addition to the 
tasks performed at the journeyman level, and requiring 
minimum supervision. 

Identifies leader jobs involving relatively detailed knowl- 
edge of the tasks performed at all subordinate apprentice 
and journeyman levels in order to coordinate and give 
direction to the work performed. 

Identifies supervisor jobs involving a broad, general 
knowledge of the tasks performed at all subordinate levels 
in order to coordinate and give direction to work activ- 
ities. 

*When two or more skill levels are authorized for use with an MOS, they are 
cumulative to include all lower skill levels, except skill level 4 (leader), which may 
not necessarily be cumulative to include skill level 3 (advanced journeyman I. 

d. Elim nation of operator skill as a critical 
factor 

e. Elim nation of emotional stress as a fac- 
tor 

f.  Elim nation of time pressures 

g.  High  accuracy in reading and decision 
making 

h.  Better  application  of marginal  testing 
techniques 

/'. Automatic isolation of malfunctioned 
components 

j. Automatic programming and control of 
checkout and countdown sequence. 

9-2.3  ADVANTAGES AND DISADVANTAGES OF 
TEST AND DIAGNOSTIC EQUIPMENT 

In the overall maintenance task analysis 
process, the maintenance engineer must iden- 
tify the need for test, measurement, and di- 
agnostic equipment (TMDE). The diagnosis and 

troubleshooting procedure requires three 
primary sources of data: operational indicators, 
human senses, and outputs from TMDE per- 
manently or temporarily connected to the sys- 
tem for the purpose of malfunction detection. 

The functional complexity of a system is 
a factor that dictates the diagnostic complexity 
of the equipment. For systems such as mechan- 
ical or hydraulic systems, the human senses 
(sight, hearing, and touch) provide the primary 
elements of diagnostic data. In the case of com- 
plex electronic equipment, diagnosis of a mal- 
functioned item within the subsystem is limited 
if the diagnosis is based only on the knowledge 
gained from operational indicators and the 
human senses. As a result, in the case of com- 
plex electronics, in order to achieve a high de- 
gree of testability and to facilitate the detection 
and isolation to the replaceable unit, automatic 
testing is used. Due to the functional complex- 
ity of electronic equipment, it is impossible, or 
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at least impractical, for the technician to 
troubleshoot the equipment manually. Con- 
sequently, a combination of hardware and soft- 
ware is used to assist the technician in trouble- 
shooting with a minimum amount of personal 
participation or decisions. 

After a decision is made that test, meas- 
urement, and diagnostic equipment is required, 
a second decision must be made as to the op- 
timum equipment -type. Maintenance engineer- 
ing conducts design/support trade-offs to serve 
as a basis for the second decision. The optimum 
test, measurement, and diagnostic equipment 
will provide a mean time to repair that satisfies 
operational availability requirements at lowest 
life cycle cost. 

9-2.3.1   Categories and Types 

Test equipment falls under two categories 
and four general types. The categories are spe- 
cial purpose and general purpose; the types are 
built-in, automatic/semiautomatic, goho-go, 
and collating. These categories and types are 
not mutually exclusive, as a given test unit may 
incorporate some or all of the features of 
several of them in combination. Table 9-5 is 
a summary of the major considerations in the 
selection of test equipment. In reference to Ta- 
ble 9-5, the following definitions are applicable: 

a. Special purpose is a category of test 
equipment which usually is designed for a spe- 
cific system and is used to monitor or test a 
unique function of that system. 

b. General purpose is a category of test 
equipment which normally is considered an 
"off-the-shelf item (available in Government or 
commercial inventory) and which may be used 
in different systems. 

c. Built-in test equipment is a type that 
is packaged mechanically and/or electrically 
with the prime equipment into end items. Com- 
ponents, modules, etc., within the end items 
may perform both prime and test equipment 
functions (computer-based systems), or different 
components, modules, etc., may be used in the 
accomplishment of the operational and test 
functions. Additionally, this type of test equip- 
ment may be connected continuously to the 
prime equipment by wires, etc., or may be con- 
nected manually on an as-required basis. 

d. Automatic/semiautomatic test equip- 
ment is a type that normally checks two or 
more signals in sequence with no, or minimum, 
human interface. The test equipment may be 
built-in or separate. The first part of par. 9- 
1.2.3.1 contains a typical example of automatic, 
built-in test equipment that functions without 
a computer. The last part of par. 9-1.2.3.1 de- 
scribes the typical accomplishment of automatic 
fault isolation in a computer-based system. 
Depot Installed Maintenance Automatic Test 
Equipment (DIMATE) is an example of sepa- 
rate, computer-controlled test equipment. 

e. Go/no-go test equipment is a type which 
may be one or a combination of the built-in 
and automatic/semiautomatic test equipment, 
and is designed primarily to determine if a sys- 
tem is within tolerance, but not to determine 
the relative degree of compliance. 

TABLE 9-5.  TEST, MEASUREMENT, AND DIAGNOSTIC EQUIPMENT CONSIDERATIONS 

Categories of Test Types of Test Functional Types of Test 
Equipment Equipment Tests Indications 

Special-purpose Built-in System Go/no-go 

General-purpose Automatic/semiautomatic Item Quantitative 
Go/no-go Open loop Marginal 
Collating Closed loop 
Computer software Static 
(prime equipment) Dynamic 

Marginal 
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/ Collating test equipment is a type which 
may be one or a combination of the built-in 
and automatic/semiautomatic test equipment, 
and is designed to present the results of two 
or more checks as a single display. 

The test equipment may be used to per- 
form the test function, whether in the oper- 
ational or the maintenance posture. Thus it is 
evident that the total system concept must be 
considered in relation to the identification of 
TMDE. The types of functional test that may 
be conducted on the system either in the op- 
erational or maintenance posture include one 
or a combination of the following types of tests: 
system, item, open loop, closed loop, static, 
dynamic, and marginal. These tests basically 
are self-explanatory by their nomenclature; 
however, for clarification, a marginal test is 
defined as a procedure for system checking 
which indicates when some portion of the sys- 
tem has deteriorated to the point where there 
is a high probability of system failure during 
the next operating period (Ref. 12). Marginal 
testing may yield one type of test indications 
or combinations of goho-go, quantitative, or 
marginal test indications, and usually involves 
the application of external stimuli under con- 
trolled conditions. 

Materiel in an operational state normally 
is monitored for satisfactory performance. In 
most cases, this is achieved by automatic mon- 
itoring equipment that basically provides an in- 
dication of the presence or absence of key per- 
formance parameters. In the case of automotive 
equipment, these indications would be oil pres- 
sure, amperage, fuel level, and temperature. 
The advantage of the automatic monitoring 
equipment is that it relieves the human from 
making detailed tests or observations to deter- 
mine equipment performance. In some cases, 
such as when equipment is automatically shut 
down, on the basis of the malfunction in- 
dication, the human is removed from the 
decision block. The type and complexity of the 
prime equipment and the magnitude of tests 
that must be made to determine operational 
performance are the basic factors that deter- 
mine the advantage or disadvantage of auto- 
matic monitoring equipment. It provides effi- 
cient, quick, and automatic indications of per- 
formance, but may be costly, complex, and/or 

contribute to materiel failures; the overall ef- 
fectiveness is determined by analysis through 
the trade-off process. 

Equipments may have separate displays 
for operation and maintenance, especially when 
maintenance is to be performed while the equip- 
ment is operating. A built-in test panel gen- 
erally provides a central location from which 
to monitor, control, check, and perform the 
materiel tests. The test panel normally contains 
test points, selection switches, and appropriate 
meters, scopes, and other measurement devices. 
Provisions for a built-in test panel must be con- 
sidered during the design phase to insure that 
materiel test points are provided and located 
for convenient connection to the test panel. The 
built-in test panel may provide, by means of 
the test points (functionally grouped and labeled 
with a symbol or title), the interface by which 
external test equipment may be used. The built- 
in test panel, because of its central location, 
provides for efficient maintenance and trouble- 
shooting and separates, to some extent, the op- 
erational and maintenance functions. The total 
test function includes the monitoring of both 
the operational and test indicators, but in some 
cases, the test function may be performed dur- 
ing the operation of the equipment on a non- 
interfering basis. The effectiveness of a built-in 
test panel is based on the availability and ade- 
quacy of test points, and the adequacy of the 
checking or troubleshooting procedures. 

The maintenance engineer should evaluate 
each feature of the TMDE in terms of the de- 
mands that will be placed on the equipment 
and on the maintenance technician in the field 
as well as its impact on mean time to repair. 
Complex test equipment may simplify the job 
of the technician and reduce preparation time 
or turnaround time for complex systems; how- 
ever, it may cause an increase in the main- 
tenance total time because of its own main- 
tenance burden. 

9-2.3.2 Advantages and Disadvantages 

Table 9-6 delineates the general advantages 
and disadvantages of each of the categories and 
types of test equipment. Although in specific 
cases of materiel the advantages and dis- 
advantages delineated  may not be applicable, 

9-29 



AMCP  706-132 

TABLE9-6.  ADVANTAGES AND DISADVANTAGES OF TEST EQUIPMENT (Ref. 14) 

Test Equipment Advantages Disadvantages 

Category: 

Special-purpose 

General-purpose 

Accurate, simple for task, 
meets special need of 
materiel 

Inexpensive, readily avail- 
able, long life, supportable, 
user familiarity, user con- 
fidence, versatility 

High cost, short life, high 
risk, field impact, sched- 
uling problems for avail- 
ability, unique materiel 

Requires ingenuity for 
adaptability, time con- 
suming in maintenance 
process 

Types: 

Built-in 

Automatic/semiautomatic 

Go/no-go 

Collating 

Minimizes external support 
equipment, availability, min- 
imizes downtime due to 
transport, no probing or 
manual connections in fault 
isolation, configuration stat- 
us current with equipment, 
readily identifies perform- 
ance degradation, no special 
transport or storage require- 
ments 

Rapid, increases test capabil- 
ity, controlled testing and 
consistency in test, 
eliminates human errors, re- 
duces skill level and training 
for basic prime equipment 
task 

Simplifies decisions and 
maintenance tasks, informa- 
tion clear, concise, and 
decisive 

Reduces number of indica- 
tors, checking time, and er- 
ror, simplifies trouble- 
shooting 

Prime equipment heavier, 
larger, more power de- 
mands, complex, higher 
cost, increase in mainte- 
nance, calibration integral 
to prime equipment and 
difficult due to in- 
separability, self-checking 
for test feature to insure 
performance required, in- 
flexibility in test proce- 
dures, may be expended 
(e.g., missile system) 

Large, heavy, expensive, 
highly specialized, requires 
self-checking features, test 
point consideration in de- 
sign for applicability, sen- 
sitive to design changes, 
complex, less reliable than 
manual, increases skill and 
training required for main- 
tenance of test unit 

Unique design circuitry, 
test unit costs high, sched- 
uling problems, 
nonversatility for detailed 
circuit analysis. 

Similar to goho-go and au- 
tomatic, does not pinpoint 
specific signal malfunction. 
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the maintenance engineer in consideration of 
the TMDE application would determine, 
through the process of analysis, the degree of 
applicability of these items. The comparative 
size of the listings within the tables is not an 
indication of the relative merit of one category 
or type of test equipment compared with the 
other. As addressed previously, these categories 
and types are not mutually exclusive. 

9-2.3.3  Design Principles 

When analyzing for TMDE selection or de- 
sign, the maintenance engineer should consider 
the following general criteria (Ref. 13): 

a. TMDE will be compatible with the mod- 
ular maintenance concept. TMDE design, selec- 
tion, acquisition, and allocation must support 
this concept to the extent feasible, as deter- 
mined by technological, economic, and oper- 
ational considerations. 

b. Easy-to-use and interpret go/no-go 
built-in test equipment will be incorporated in 
the designs of all Army materiel 
(tank/automotive, aviation/avionics, missiles, 
and communications/electronics) whenever 
technically and economically feasible. 

c. Multipurpose TMDE will be developed 
for families of equipment for use at organi- 
zational levels of maintenance whenever the use 
of built-in test equipment is not feasible. Prime 
considerations will be given to go/no-go testing 
and ease-of-use and interpretation character- 
istics. 

d. Multipurpose automatic TMDE capable 
of fault identification/isolation, diagnosis, and 
failure prediction will be developed and pro- 
cured for use at all levels of maintenance con- 
sistent with cost and efficiency considerations 
and on the basis of level of replacement/repair 
authorized in the maintenance allocation chart. 

e. TMDE designs will provide for standard, 
foolproof quick-connect/disconnect capability of 
the TMDE to or from the end item or system 
under test without, when practical, the need 
for manual insertion of sensors/transducers 
into the unit under test. 

f. TMDE configurations will be deter- 
mined through economic analysis, consideration 
of force structure, qualitative and quantitative 
personnel and training requirements, related 
support equipment requirements, and mean 
time to repair requirements. 

g. Value, human factors, and system safety 
engineering principles will be considered in all 
TMDE configurations. 

h. Sophisticated TMDE (i.e., TMDE capa- 
ble of comprehensive fault iden- 
tification/isolation/diagnosis and requiring ap- 
plication/interpretation/analysis by high tech- 
nical skill levels) will be concentrated at the 
highest level of maintenance considered most 
productive and cost-effective. 

9-2.4   DIAGNOSTIC HIERARCHY (Ref. 14) 

The maintenance engineer, when analyzing 
the diagnostic and troubleshooting techniques, 
must consider the range of test approaches that 
are available for a specific equipment or sys- 
tem. The test approach must be compatible with 
the selected maintenance concept. Due to the 
interaction, any decision regarding either the 
maintenance concept or the test approach limits 
the alternatives in the other. The extremes in 
the categories of testing that may be considered 
are no testing, internal and external manual 
testing, and internal and external semi- 
automatic and automatic testing. 

No testing, which is an extreme situation, 
is the discarding of equipment or systems upon 
detection of failure during operation. The fac- 
tors to be considered in a "no test" decision 
are maintenance time, economy of a discard- 
at-failure maintenance concept, and availability 
of replacement equipments/systems to support 
the philosophy. The no-testing philosophy is 
seldom used during discard-at-failure mainte- 
nance. Rather, failure of a part is validated by 
a separate test before the part is discarded. 

Internal and external manual testing in- 
volves the use of either internal or external 
manual test equipment to detect, locate, and 
isolate failures. Automatic testing is the use 
of methods that detect, locate, and isolate fail- 
ures without the attention of maintenance per- 
sonnel; semiautomatic testing requires the 
attention of maintenance personnel to go from 
step to step within the process. In the case of 
manual testing, maintenance personnel must 
use their capabilities to perform the detection, 
localization, and isolation of failures and per- 
form these functions manually. 

In either automatic, semiautomatic, or 
manual testing, the factors to be considered in 
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a test category decision are maintenance time, 
test equipment development time and cost, op- 
erational plan of deployment of each item, 
amount of testing to be performed (maintenance 
load), readiness requirements of prime equip- 
ment, maintenance level involved, simplicity 
and complexity of the test equipment, and 
training costs. 

The test equipment selected in the cate- 
gories discussed in par. 9-2.3.1 may be either 
internal or external.  Internal  test  equipment, 

usually referred to as built-in test equipment, 
in the majority of cases is special-purpose 
equipment. It is built to perform a specific test 
function (or functions) on a particular piece of 
equipment. External test equipment may be 
either general-purpose or special-purpose. 
General-purpose equipment is built for general 
test functions. 

Factors which the maintenance engineer 
should consider in test equipment selection are 
delineated in Table 9-7. 

TABLE9-7.  FACTORS IN TEST EQUIPMENT SELECTION (Ref. 14) 

Element 

Rating 

Factor Built-in 
Special- 
purpose General-purpose 

Maintenance 
technician 

Personnel acceptance High Medium Low 

Personnel safety High High-medium Medium-low 

Complexity of test equipment 
operation 

Low Medium High 

Time to complete tests Least Medium Most 

Personnel training time Least Medium Most 

Tendency to overdepend on 
test equipment 

High High Low 

Physical 
factors 

Limits on size of test 
equipment 

Minimum limits; depends 
on prime equipment and 
application 

Maximum limits; 
limited by portability 

Limits on weight of test 
equipment 

Minimum limits; depends 
on prime equipment and 
application 

Maximum limits; 
limited by portability 

Complexity of "wiring in" 
test equipment 

High High Low 

Need for additional test 
points in prime equipment 

None None Many 

Wanted space in work areas Least Some Most 

Storage problems None Medium Many 

Need for traffic con- 
siderations 

Low Medium • High 
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TABLE 9-7.  FACTORS IN TEST EQUIPMENT SELECTION (Ref. 14) (Cont'd) 

Factor Element 

Rating 

Built-in 
Special- 
purpose General-purpose 

Maintainability      Probability of test equip- 
and reliability      ment damage 

Low Low High 

Probability of damage to 
prime equipment caused by 
testing 

Low Low High 

Effect on prime equipment 
operation of repairing 
test equipment failures 

Some Slight None 

Logistics Cost to incorporate test High 
equipment 

Medium-high None 

Test equipment procurement     High 
time 

Medium Low 

Design engineering effort High-medium High-medium Low 

Compliance of test equipment    Must 
with same specifications as 
prime equipment 

May May- 

Application Advantage of long duration       High 
and high-frequency usage 
in given location 

High-medium Low 

Versatility of application Low Low High 

Opportunity for incorrect Low 
usage 

Low High 

System adaptability to new        Low 
test equipment 

Medium High 

9-2.5   TRADE-OFFS TO BE CONSIDERED IN TEST 
EQUIPMENT SELECTION (Ref. 12) 

The maintenance engineer, through the 
overall process of the maintenance analysis, is 
confronted with the problem of deciding upon 
the selection of an optimum configuration from 
among several alternatives. As a result, the 
maintenance engineer becomes intimately in- 
volved and a key contributor in the overall 
trade-off process. In considering the total main- 
tenance support aspects of the system, the 
maintenance engineer is concerned primarily 
with the maintenance concept, the maintenance 

environment, and the maintenance personnel. 
These major factors are the underlyiqg baseline 
for identification and selection of the test equip- 
ment. Identification and selection of the test 
equipment is complemented through the process 
of trade-offs. The term trade-off, as it relates 
to the decision process, is defined as the pro- 
cedure by which several feasible alternatives 
are evaluated to provide the basis for selection 
of optimum configuration based on cost, per- 
formance, or a combination of parameters. The 
basic trade-off is accomplished in four steps: 
(1) definition of the problem, (2) description of 
the feasible alternatives, (3) evaluation of the 
alternatives, and (4)application of the results. 
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The test equipment for materiel may range 
from manual test equipment to more elaborate 
and complex automatic test equipment. The 
complexity of the military systems requiring de- 
tailed and extensive monitoring and checking 
to insure performance virtually has eliminated 
the manual, step-by-step, probing type of test- 
ing. More stringent requirements related to op- 
erational availability of equipment, minimum 
downtime of equipment, and reaction time, 
combined with the decrease in skills available, 
dictate that the prime consideration in relation 
to test equipment for materiel be the man- 
machine interface. 

9-2.5.1   Man-machine Interface 

In the man-machine interface, the basic 
consideration is the optimum combination of op- 
erational/maintenance functions to be accom- 
plished by the man or machine. This interface 
is a key parameter, for it is the one on which 
all decisions are based. It considers not only 
the type, complexity, and capability of the 
materiel, but also the availability, skill require- 
ments, and capability of the maintenance man 
to insure optimum performance and availability 
of equipment in the user environment. In this 
respect, the general steps related to both the 
operational and maintenance procedures must 
be considered. 

Operational procedures vary among differ- 
ent types of equipment; however, related to 
manual testing of equipment, the maintenance 
technician normally will be required to use his 
ingenuity to interface various items of prime 
and test equipment to provide a desired con- 
figuration for test, and to consult the technical 
manuals or detailed test procedure manuals 
during the total test process. 

In automatic testing, generally all of the 
maintenance steps except replacement of defec- 
tive parts are accomplished automatically. In 
this case, the basic reference, instead of a tech- 
nical manual is a punched tape, a stack of 
punched cards, or a computer memory into 
which complete test procedures and acceptable 
limits have been compiled. Programmable 
switching networks and fault isolation routines 
and subroutines normally are controlled 
through software programming. Semiautomatic 
testing requires human intervention during au- 
tomatic testing to activate controls or switches 

and continue program operation from pre- 
determined monitoring points, program stops, 
and/or flags. The trend today, based on 
complexity of equipment and skill level of per- 
sonnel, is to minimize the human actions re- 
quired for operational and maintenance testing 
by the use of automatic test features. 

9-2.5.2  Automatic Testing 

Maintenance testing and checkout of com- 
plex systems can be accomplished by one or 
more of several testing concepts; e.g., system 
level operational tests and definitive tests at 
the equipment and component level. System op- 
erational tests usually are performed in an op- 
erational environment and are dynamic, closed- 
loop tests. The equipment and component tests 
normally are performed in a maintenance en- 
vironment and usually are static, open-loop 
tests. The decision to use these tests, or 
combinations thereof, is based on consideration 
of the following factors: test information and 
readout instrumentation required for fault 
detection and isolation; depth of test in relation 
to system hardware level breakdown; mainte- 
nance levels at which the tests are to be per- 
formed; the time permitted for the tests; per- 
sonnel training and skill requirements; acquisi- 
tion cost; and maintenance, calibration, and 
support equipment requirements. 

The decision regarding the particular type 
of test equipment to be used for system mon- 
itoring and maintenance must be made in the 
early stages of equipment design, in conjunction 
with the definition of repair policies and overall 
maintenance plans. The factors involved in the 
decision include the mission and operational 
characteristics of the equipment (reliability and 
availability), personnel resources, operational 
environment, logistic support requirements, de- 
velopment quantities and time, and cost. Trade 
studies should be made before incorporation of 
automatic test equipment in new designs is 
specified since, as a general rule, automatic test 
equipment should be considered only when one 
or more of the following conditions prevail: 
turnaround time or downtime must be held to 
an absolute minimum; many repetitive meas- 
urements must be made; availability and read- 
iness test requirements dictate its use; and 
maintenance loads warrant its use. 
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Fault isolation time averages 60 percent 
of the total active repair time in electronic sys- 
tems; therefore, efforts to reduce the active re- 
pair time and the number of personnel required 
is a key factor in reducing overall system cost. 
Studies regarding the use of computer- 
controlled test equipment indicate the following 
general advantages: total system cost savings; 
reduction in manpower for unit-under-test di- 
agnostics; reduction in technical skill require- 
ments; reduction in training costs; increase in 
materiel readiness, system effectiveness, and 
cost effectiveness; and reduction in the test and 
repair time portion of the total downtime. Both 
computer-based systems and separate computer- 
controlled test equipment have been developed 
and successfully used. In the decision process, 
the maintenance engineer should consider the 
applicability of these techniques to perform the 
materiel test function. 

Three major trade-off areas for automatic 
versus manual test equipment are: 

a. Level of test: the trade-offs required to 
define the depth of penetration of each test 
function in the equipment. 

b. Degree of test equipment automaticity: 
the trade-offs required to define the details nec- 
essary to implement automatic testing, usually 
involving determination of how the test equip- 
ment should be programmed (punched tape, 
manual setup of parameter values by operator, 
magnetic drum); how test results should be dis- 
played (go/no-go indicators, meters, color-coded 
readout, etc.); and whether testing should be 
stopped when an out-of-tolerance condition is 
detected or should branch automatically into an 
isolation routine. 

c. Extent of built-in test equipment: the 
trade-offs necessary to optimize built-in test 
equipment in terms of its design configuration 
and complexity. 

9-2.5.3  Resource Requirements, Operational 
Availability, and logistics 

In the overall trade-off process, mainte- 
nance engineering not only should consider the 
test capability of TMDE in relation to the prime 

equipment, but also should consider the main- 
tenance support demands imposed by the TMDE 
itself and TMDE impact on system perform- 
ance. Reliability, maintainability, durability, 
transportability, calibration requirements, and 
other parameters that affect operational avail- 
ability and support costs are traded off. This 
is required because weapon system availability 
depends, in part, upon TMDE availability, and 
pne portion of weapon system life cycle costs 
consists of all costs associated with the oper- 
ation and maintenance of TMDE. 

The operational availability of TMDE is a 
function of its reliability, maintainability, and 
the closely related parameter, durability. These 
parameters determine the frequency with which 
TMDE maintenance (including calibration) is 
performed and the resources (personnel, facil- 
ities, additional test equipment, etc.) required 
to perform the maintenance. 

TMDE that is not built-in can impact sys- 
tem operational availability, even though the 
TMDE is operating properly. The impact can 
result from time lost during test setup and/or 
preparation and, if the TMDE normally is not 
stored in the immediate vicinity of the prime 
equipment, from time lost during trans- 
portation. Maintenance engineering should in- 
sure that the prime equipment and the test 
equipment are designed to provide simple, 
foolproof methods for any required test setups. 
Also, careful consideration should be given to 
proposed TMDE storage locations and TMDE 
transportation times that will be required in 
an operational environment. 

TMDE must be transported, either as an 
entity or as part of the prime equipment, from 
the point of manufacture to the point of use, 
and subsequently to support the prime materiel 
and to be maintained. Thus, it generates logistic 
requirements and costs. Some test equipment, 
by its inherent nature, is not considered trans- 
portable unless special handling and trans- 
portation factors are considered. In the overall 
trade-off process, the factors of handling and 
transportation, as well as the factors mentioned 
previously, must be considered. Handling and 
transportation considerations include the re- 
quirements for  special containerization (i.e., 
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shock mount provisions for delicate meters, spe- 
cial containers for handling and transportation 
of test equipment, unitized packaging of the 
test equipment versus separate packaging, etc.) 
and the mode of transportation, with its subse- 
quent environmental consideration of shock, vi- 
bration, and temperature. Included in the trans- 
portation factor is consideration of the total 
mobility of the test equipment, whether an in- 
tegral part of the prime equipment or a sepa- 
rate item of test equipment that the mainte-' 
nance technician must obtain from some remote 
location in order to perform diagnosis and 
troubleshooting on the prime item. Some of the 
considerations related to mobility are: 

a. Mode of transportation- aircraft or 
truck 

b. Method of handling-handcarried, spe- 
cial handling equipment 

c. Environment for usage-shop facility, 
deployed systems 

d. Environmental obstacles-terrain, prime 
equipment constraints (i.e., steps, doors, space 
restrictions, accessibility, etc.). 

Test equipment calibration requirements 
comprise another important logistic consid- 
eration for maintenance engineering. Identify- 
ing these requirements and providing a cali- 
bration capability at the time the weapon sys- 
tem is deployed are equally as important as 
insuring that all of the weapon system support 
equipment is available when the system is 
deployed. This is true because regulations forbid 
the use of uncalibrated TMDE that requires cal- 
ibration. Moreover, uncalibrated TMDE inher- 
ently is incapable of performing its function 
properly. Without a required TMDE calibration 
capability, weapon system availability becomes 
zero the first time the prime equipment re- 
quires calibration. 

TMDE calibration requirements are asso- 
ciated closely with tolerance requirements es- 
tablished for operation of the prime equipment. 
Normally, it is not feasible to eliminate TMDE 
calibration requirements. However, with proper 
planning, sometimes it is feasible to minimize 
the requirements, For example, materiel pro- 
duction acceptance test tolerances frequently 
are more stringent than those required for ade- 
quate testing of deployed materiel. If the pro- 
duction acceptance tolerances are accepted as 

field test tolerances (as sometimes occurs), 
TMDE operating and calibration tolerances will 
be stringent. On the other hand, if it can be 
demonstrated early in a materiel program that 
relaxed production test tolerances are accept- 
able for field use, TMDE costs may be less than 
they would have been otherwise, and calibration 
requirements may be reduced. Additionally, the 
durability of the prime materiel probably will 
be affected favorably. 

To insure that a calibration capability ex- 
ists when test equipment is deployed, initial cal- 
ibration requirements are established during 
the weapon system conceptual phase. These re- 
quirements are submitted to the U S Army 
Metrology and Calibration Center, which is the 
Army focal point for matters pertaining to cal- 
ibration. The Calibration Center and Materiel 
Manager jointly establish calibration proce- 
dures, and the equipment requiring calibration 
is entered into TB 750-236, Calibration Require- 
ments for the Maintenance of Army Materiel. 
After deployment, the calibration services are 
provided by the Army standard laboratory, 
Army calibration laboratories, area calibration 
teams, and/or specified direct and general sup- 
port units (Ref. 19). 

9-3 TROUBLESHOOTING TECHNIQUES 
AND AIDS 

During the second quarter of FY75, the 
Assistant Secretary of Defense (Comptroller) 
stated that the FY75 DoD budget would ap- 
proximate $88.7 billion and that military per- 
sonnel costs would account for $25.3 billion of 
the total. These figures compare reasonably well 
with the projections shown in Fig. 8-4. Military 
personnel costs are and will continue to be 
significant. The portion of these costs that is 
attributable to maintenance (technicians who 
devote full time and operators who devote part 
time to maintenance) is also significant. An im- 
proved transfer of information to personnel per- 
forming maintenance will decrease personnel 
costs and increase materiel availability. Person- 
nel costs will decrease because qualitative and 
quantitative personnel requirements will de- 
crease. Materiel availability will increase be- 
cause maintenance time will decrease. 
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In the case of troubleshooting aids, the in- 
tent is to provide the technician with the in- 
formation necessary to isolate the cause of the 
malfunction with a high degree of accuracy, 
in the shortest time, and with minimum effort. 
Troubleshooting aids should meet the following 
requirements: 

a. Provide system definition by identifying 
the interface boundaries relative to associated 
systems, and by identifying the inter- 
relationship of all parts within the system that 
are required to accomplish system performance. 

b. State the preliminary condition of the 
system necessary to verify the symptom by 
identifying test setup requirements for malfunc- 
tioning and interfacing items. 

c. State the relationship of the symptom 
to all possible causes by identifying the func- 
tional interrelationships of parts involved in 
producing the indication of malfunction. 

d. Identify the location of all parts in the 
system to facilitate isolation of suspect parts. 

e. Provide a functional description of the 
system and each part in the system to identify 
the specific performance characteristics of each 
part. 

In the development of troubleshooting aids, 
based on a U S Air Force study, the originator, 
must be able to recognize and identify the func- 
tional relationship of parts within systems and 
subsystems within systems; be familiar with the 
structure, function, and schematic symbolizing 
of the parts; be capable of performing signal 
flow or circuit analysis; and be capable of docu- 
menting the results of the analysis to serve as 
an effective diagnosis and troubleshooting aid 
(Ref. 16). 

The process by which documentation is 
produced to be available for the delivery of the 
equipment means that the preliminary main- 
tenance manual normally is written before the 
equipment is produced and, although it reflects 
careful analysis of the task the technician is 
to perform, its use may be difficult. The cross- 
references in the documentation may involve 
the use of several separate documents or sec- 
tions of a manual in order to perform the 
diagnosis and troubleshooting tasks. 

Numerous studies on the format and con- 
tent of maintenance information indicate that 
faster and better maintenance can be performed 
if technicians use job performance aids. These 
aids are documents or devices that give precise 
step-by-step instructions for each task, or other- 
wise present in a concise and consolidated man- 
ner all information relevant to a given task. 
The presentation or types of aids vary from 
detailed step-by-step procedures that require no 
human decisions to be made to those which pro- 
vide the technician with a general under- 
standing of the system/equipment/materiel and 
guidance in the decision-making process. Fully 
proceduralized aids have been developed for 
troubleshooting tasks (see Fig. 4-5); however, 
most of the devices are designed to assist the 
technician in understanding the subsystem and 
formulating a strategy for isolating the fault 
or faults. Most of the decision aids include vari- 
ations of the maintenance dependency charts 
(Ref. 15). 

The maintenance dependency chart illus- 
trates the dependency and interrelationship of 
all elements and functional entities within the 
equipment or system by use of symbols. The 
dependency charts provide the data necessary 
to diagnose and troubleshoot the equipment. 
The charts conform to the following criteria: 

a. Show, by graphic means, all of the cir- 
cuit interdependencies in such a manner as to 
facilitate troubleshooting. 

b. Identify all significant checkpoints and 
indications necessary to troubleshoot the equip- 
ment. These are arranged in a manner which 
minimizes the number of checks that a tech- 
nician must make to isolate a malfunction. 

c. Present all signal data (waveforms, 
angular motions, timing, voltage, pressures, 
etc.) in a manner to facilitate their use in 
troubleshooting. 

d. Relate key troubleshooting to procedural 
data (turnon, adjustment, calibration, operation, 
alignment, and performance check). 

The maintenance dependency chart has 
particular significance when the signal flow di- 
verges as a result either of switching actions 
or proper end item function, when signal flow 
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occurs through separate but dependent paths, 
when signals converge either from separate 
sources or through separate paths, and when 
troubleshooting procedures are so complex that 
an extreme amount of verbal redundancy would 
be necessary to present all the information con- 
cerning the dependency of signal flow to de- 
scribe the required operations (Ref. 16). 

Three basic symbols represent the func- 
tional entities or circuit elements. The event 
box (□) represents an action or availability of 
one or more events resulting from the proper 
operation of the functional entities associated 
with the event. The functional entity dot (•) 
represents a functional entity or a group of 
functional entities. The dependency marker (A) 
indicates dependency upon another event. Vari- 

ations of the basic symbols are used, consisting 
of the addition of nomenclature or various types 
of backgrounds to the basic symbols, to provide 
more detail information. The charts may be 
used for electrical, hydraulic, and mechanical 
equipment to depict simple, multiple-input, and 
multiple-output dependency lines; serial, paral- 
lel, and serial parallel relationships; parallel di- 
vergent or convergent-divergent branches; time 
delays; feedback loops; redundant dependency 
chains; and binary state symbols (Ref. 16). 

Fig. 9-7 shows a simplified maintenance 
dependency chart. The schematic counterpart in 
the figure is depicted only to aid in the ex- 
planation of the maintenance dependency chart. 
The description of the circuit operation and 
maintenance dependency chart utilization is as 
follows: 

TB 1     12VDC 
Fl 

TURNON  AND CHECKOUT 
PROCEDURE 

1. TURN | IGNJ SWITCH TO |oN | 

SET      [IT]   TO [TO] 

SET      [sT]    TO | MED | 

SET     jTT|    TO j HI | 

Figure 9-7.   Simplified Maintenance Dependency Chart fRef. 17) 
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When the circuit is energized, 12 VDC is 
present at TB1. This voltage is felt across fuse 
Fl and, depending on the position of switch 
SI, it will be present at Rl, R2, or R3, R4, 
and the motor. There are four common com- 
ponents, TB1, Fl, R4, and the motor. If any 
one of these components works in one circuit, 
it will work in every other circuit. If the switch 
is in the LO position, there is a circuit con- 
sisting of TB1, Fl, LO contact of SI, Rl, R4, 
and the motor. If the motor runs, all compo- 
nents of that circuit must be good. If switch 
SI is turned to the MED position and the motor 
does not run, the faulty part must be either 
R2 or the MED contact of SI because these 
are the only components that were not proven 
good. Set SI to HI as a double check; the motor 
runs. Using the chart, work backwards. The 
motor ran when SI was in both the LO and 
HI positions, and therefore the motor is good. 
If R4 was good for even one position, it must 
be good; notice that it is a common component. 
R3 must be good because it worked in the HI 
position. R2 is questionable because it is not 
a common component and cannot be proven 
good at this time. Rl is good because it worked 
in the LO position. The HI contact of SI is 
good because it worked in the HI position. The 
MED contact is also questionable because it is 
not a common part and cannot be proven good 
at this time. The LO contact is also good be- 
cause it worked in the LO position. Fuse Fl 
must be good because it worked in both LO 
and HI positions, and 12 V must be present 
at TB1 because the motor ran in the LO and 
HI positions. Therefore, the only two possi- 
bilities are R2 and the MED contact of SI. R2 
would be the prime suspect. Basically, compo- 
nents common to more than one circuit are used 
to prove the component good or bad. Therefore, 
had the motor not run in any switch position, 
then a common component would have been 
suspected rather than a noncommon component 
as indicated in the example. (See Ref. 17.) 

Troubleshooting aids are not required for 
every type of materiel. Malfunctions in some 
materiel, because of its inherent nature or use 
within the system, are detected as soon as they 
occur (e.g., malfunctioned tires, light bulbs, oil 
lines, etc.). 

In the development of performance aids, 
both visual and audiovisual modes of operation 
have been considered. In efforts conducted in 
relation.to Project PIMO (Presentation of In- 
formation for Maintenance and Operations) the 
following conclusions were drawn (Ref. 18) from 
the U S Air Force study: 

a. Learning is faster at the outset when 
using an audiovisual mode of presentation. 

b. The audiovisual presentation provides a 
more complete presentation of the tasks, since 
both types of information are provided. 

c. After the initial learning phase, the 
audiovisual mode inhibits the rapid response of 
the technician due to the fixed rate of presen- 
tation of the material. 

d. The audiovisual mode is effective when 
it is important for the technician to have both 
hands free or when faster learning is important. 

e. Audiovisual techniques have high poten- 
tial for use either for selected jobs or on-the-job 
training, or when the individuals performing 
the troubleshooting are not familiar with the 
written language or have a very slow reading 
rate. 

/ The use of visual devices versus the 
booklet or hard copy form basically is supported 
by the ease of storage, update, and data re- 
trieval. 

g. Cost in relation to both audiovisual and 
visual is a factor in comparison to the technical 
manual (hard copy) form of presentation. 
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CHAPTER 10 
MAINTENANCE FACILITIES 

This chapter addresses several aspects of 
Army maintenance facilities. Maintenance fa- 
cilities provided at all levels of maintenance and 
contractor facilities available to the Army are 
described. Maintenance facility development, 
work flows, and determination of capital equip- 
ment requirements are discussed. 

10-1   INTRODUCTION 

The U S Army Materiel Command (AMC) 
performs assigned materiel functions of the 
Department of the Army, including research 
and development, product engineering, test and 
evaluation, procurement and production, in- 
ventory management, storage and distribution, 
and maintenance. In addition, it provides for 
managerial and related service support to U.S. 
and foreign customers and provides worldwide 
technical and professional guidance and assist- 
ance to customers. The AMC headquarters pro- 
vides policy direction for command operations. 
Individual installations and activities reporting 
either to AMC or to major subordinate com- 
mands actually carry out the Army's materiel 
program. These range from depots, maintenance 
shops, laboratories, arsenals, schools, test 
ranges, and CONUS proving grounds to world- 
wide logistic assistance and logistic manage- 
ment offices. 

10-1.1   US ARMYMATERIELCOMMAND 
COMMODITY MANAGEMENT 

AMC currently accomplishes Army com- 
modity management through six commodity 
commands. These commands accomplish re- 
search, development, production, procurement, 
cataloging, maintenance, standardization, sup- 
ply control, new-equipment training, industrial 
readiness, and other functions vital to their 
commodity categories. The commodity com- 
mands are: 

a. US Army Armament Command 
(ARMCOM). This command is responsible for 
integrated commodity management of nuclear 
and non-nuclear munitions, weapons and weap- 
on systems, turrets/cupolas and mounts, fire 
control equipment, rocket and missile warhead 
sections, demolition materiel, of- 
fensive/defensive chemical materiel, propellant 

actuated devices, training equipment and spe- 
cial tools, and test, measurement, and diagnos- 
tic equipment. 

b. US Army Aviation Systems Command 
(AVSCOM). This command is responsible for 
integrated commodity management of Army 
aircraft and aerial delivery equipment. 

c. US Army Electronics Command 
(ECOM). This command is responsible for in- 
tegrated commodity management of communi- 
cations, avionics, radar, automatic data process- 
ing, meteorology, night vision, combat 
surveillance, target acquisition, navigation and 
electronic warfare equipment, and the tech- 
nology and devices necessary for operation and 
support of all of these. 

d. US Army Missile Command (MICOM). 
This command is responsible for integrated 
commodity management of assigned rocket, 
missile, and related programs. 

e. US Army Tank-Automotive Command 
(TACOM). This command is responsible for in- 
tegrated commodity management of construc- 
tion equipment and of tactical and combat vehi- 
cles. It also exercises responsibility for design, 
development, procurement, production, mainte- 
nance, supply, and repair part support of the 
Armed Forces vehicular fleet. 

/ US Army Troop Support Command 
(TROSCOM). This command is responsible for 
integrated materiel management of barriers and 
bridging, water purification equipment, power 
generators, fuel handling equipment, industrial 
engines and turbines, environmental control 
equipment, rail, marine, and amphibious equip- 
ment, and missile support equipment. Through 
field elements, it additionally provides Army 
class management for primary items of foods, 
food systems, clothing, industrial supplies, and 
automotive and construction equipment repair 
parts. The mission is oriented to the improve- 
ment of the personal and environmental needs 
of the field soldier. 

In addition to the commodity commands, 
AMC has a major command that specializes in 
testing. This is the U S Army Test and Eval- 
uation  Command  (TECOM), whose  mission  is 
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to perform development tests of Army materiel 
and to provide test and evaluation support to 
the commodity commands. 

To support the AMC commodity commands 
in the maintenance of materiel, 14 depots and 
3 depot activities currently are located within 
CONUS. These installations, functioning under 
control of the Commander, AMC, are respon- 
sible for the receipt, storage, and issue of sup- 
plies and equipment for CONUS installations 
and designated oversea commands. The depots 
are assigned a depot mission by categories of 
equipment. The depot maintenance mission gen- 
erally encompasses the following functions: 
overhaul, modification, conversion, repair, man- 
ufacturing, fabrication, calibration, and techni- 
cal assistance. For ammunition, it encompasses 
demilitarization, renovation, and surveillance. 

The depots within the AMC logistic com- 
plex include five general supply depots, three 
ammunition depots, and nine general-purpose 
(combined general supplies and ammunition 
depots, including three ammunition depot ac- 
tivities). A depot activity differs from a depot 
in that the depot activity has a reduced mission 
and is administered and funded by a depot to 
which it is satellited, rather than by Hq. AMC. 
The depots, depot activities, and their geograph- 
ic locations follow: 

a. General supply depots 

(1) Corpus Christi Army Depot, Corpus 
Christi, TX 

(2) New   Cumberland  Army  Depot, 
New Cumberland, PA 

(3) Sacramento Army  Depot,   Sacra- 
mento, CA 

(4) Sharpe Army Depot, Lathrop, CA 
(5) Tobyhanna Army Depot, Tobyhan- 

na, PA 
b. Ammunition depots 

(1) Savanna Army Depot, Savanna, IL 
(2) Seneca Army Depot, Romulus, NY 
(3) Sierra Army Depot, Herlong, CA 

c. General-purpose depots 

(l)Anniston  Army  Depot,  Anniston. 
AL 

(2) Letterkenny  Army  Depot,   Cham- 
bersburg, PA 

(3) Lexington-Blue Grass Army Depot, 
Lexington, KY 

(4) Pueblo Army Depot, Pueblo, CO 
Ft. Wingate Army Depot Activity. 
Gallup, NM 
Navajo  Army   Depot  Activity, 
Flagstaff, AZ 

(5) Red River Army Depot, Texarkana. 
TX 

(6) Tooele Army Depot, Tooele, UT 
Umatilla Army  Depot Activity, 
Hermiston, OR 

The general missions of the AMC CONUS    * 
depots are, as of date of publication, shown in 
Table 10-1. 

10-1.2   DEPOT MAINTENANCE FACILITIES (Ref. 1) 

The mission of a U S Army depot em- 
bodies a share of the total supply and main- 
tenance responsibility of the Army distribution 
system. In conjunction with the depot mission, 
the Commander, AMC, is responsible for estab- 
lishing the AMC policy governing stock distri- 
bution, storage, and maintenance; approving all 
missions assigned to depots, and all depot-type 
missions assigned to other types of installations 
such as arsenals; and authorizing emergency 
changes or modification of depot missions as 
may be required. 

10-1.2.1   Primary Depot Functions 

A typical U S Army depot in CONUS is 
concerned with receipt, storage, and issue of 
general supplies, equipment, and materiel for 
distribution to CONUS installations and to des- 
ignated oversea areas. In addition, when re- 
quired, a depot stocks mobilization reserve sup- 
plies. The depot also receives, segregates, iden- 
tifies, classifies excess, and returns materiel for 
salvage, repair, renovation, storage, or other 
disposition. Included, normally, is the require- 
ment to assemble units and components of 
equipment and materiel into sets, such as basic 
issue item packages, and to issue both major 
and minor items. 

Designated depots are concerned with 
receipt, storage, and issue of commodities and 
items for other military services and Govern- 
ment agencies. In addition, they repair, over- 
haul, modify, fabricate, and rebuild Army items 
of equipment, weapons,  and materiel, as well 
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TABLE 10-1. AMC DEPOTS AND MISSIONS (Ref. 1) 

Type of Activity Mission 

1. Anniston Army Depot, An- 
niston, AL 

2. Corpus Christi Army 
Depot, Corpus Christi, TX 

3. Fort Wingate Army Depot 
Activity, Gallup, NM 

4. Letterkenny Army Depot, 
Chambersburg, PA 

5. Lexington-Blue Grass 
Army Depot, Lexington. 
KY 

6. Navajo Army Depot Activ- 
ity, Flagstaff, AZ 

7. New Cumberland Army 
Depot, New Cumberland. 
PA 

8. Pueblo Army Depot. 
Pueblo, CO 

Red River Army Depot, 
Texarkana, TX 

10.      Sacramento Army Depot, 
Sacramento, CA 

11. Savanna Army Depot, Sav- 
anna, IL 

12. Seneca Army Depot, 
Romulus, NY 

13. Sharpe Army Depot, 
Lathrop, CA 

Performs depot maintenance on ordnance-type equip- 
ment and ammunition-small arms, guided missiles, 
and chemical. 

Performs depot level maintenance on aircraft, 
aeronautical equipment, and avionics. Also performs 
calibration services. 

Performs surveillance and storage of ammunition. 

Performs overhaul, repair, modification, and field 
maintenance support on ordnance-type supplies, 
equipment, and ammunition-chemical, guided mis- 
siles, and fire control. 

Provides the maintenance functions of inspection, 
quality control, testing, calibration, modification, 
overhaul, and repair of signal-type equipment. Per- 
forms renovation and maintenance of ammunition. 

Performs renovation and maintenance of ammuni- 
tion. 

Performs depot maintenance on transportation-type 
materiel. Performs overhaul and general support 
maintenance on Army aircraft. 

Provides for overhaul, modification, rebuild of ord- 
nance general supplies, and renovation of ammuni- 
tion. 

Performs depot maintenance on ordnance-type gen- 
eral supplies such as field artillery, fire control 
materiel, small arms, vehicular armament mounts, 
combat and tactical vehicles and assemblies, vehicle 
secondary items, guided missiles, and conventional 
munitions. 

Performs overhaul, conversion, modification (in- 
cluding retrofit), repair, inspection, test, fabrication, 
and reclamation of electronic commodities, including 
components and systems; provides nucleonic services. 

Performs renovation and maintenance on con- 
ventional weapons, guided missile ammunition, and 
commodity groups. 

Performs renovation of chemical and ordnance am- 
munition and special weapons. 

Performs depot maintenance on chemical and 
transportation-type materiel; performs overhaul and 
general support maintenance on Army aircraft. 
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TABLE 10-1. AMC DEPOTS AN D MISSIONS (Ref. 1) (Cont'd) 

Type of Activity Mission 

14.      Sierra Army Depot, 
Herlong, CA 

15.      Tobyhanna Army Depot, 
Tobyhanna, PA 

16. Tooele Army Depot, Tooele. 
UT 

17. Umatilla Army Depot Ac- 
tivity, Hermiston, OR 

Restores conventional, guided missile, and special 
weapon ammunition to a serviceable condition by 
maintenance usually requiring replacement of com- 
ponents and subassemblies. 

Performs major overhaul, modification, fabrication, 
and repair of signal-type items, engine generators, 
medical equipment, and transport vehicles. Main- 
tains secondary reference standards and facilities 
and secondary transfer standards field service. 

Performs depot maintenance on ammunition, chem- 
ical, construction, rail, and general equipment, and 
guided missiles. 

Provides renovation for ordnance and chemical am- 
munition. 

as materiel and equipment of other Department 
of Defense agencies. 

Depot ammunition requirements now en- 
compass conventional, nuclear, missile, and 
chemical, biological, and radiological materiel. 
Many of the missions of depots that store gen- 
eral supplies also are applicable to depots that 
store ammunition. They receive, store, issue, 
demilitarize, and renovate ammunition, special 
weapon materiel, and both propellants and ex- 
plosive components of guided missiles. 

10-1.2.2  Miscellaneous Depot Functions 

In addition to the missions already stated, 
the following related mission functions are per- 
formed by depots: 

a. Establishing and maintaining quality 
assurance and surveillance programs for stor- 
age and maintenance activities 

b. Conducting tests and experiments in 
methods of loading and storing material and 
in using material handling equipment 

c. Developing materiel packaging stand- 
ards and procedures, and conducting 
methodology studies of supply systems 

d. Maintaining liaison with and providing 
technical assistance to military users of Army 
materiel 
10-4 

e. Providing command administration, 
management, logistic support, maintenance in- 
storage, and other related support and service 
activities for the depot. 

/ Providing depot in-house maintenance 
engineering services. This function normally is 
accomplished in the Production Engineering 
Division (par. 10-1.2.3.2). 

Depot functions are performed by either 
Table of Organization and Equipment (TOE).or 
Table of Distribution and Allowances (TDA) 
units. Some characteristics of a TOE unit are: 

a. The unit is one that is required to per- 
form combat, combat support, or combat service 
support missions. 

b. The requirement for the unit is per- 
manent. 

c. The unit is designed for oversea deploy- 
ment. 

Some characteristics of a TDA unit are: 

a. The unit is part of the fixed support 
establishment. 

b. The unit's workload is subject to 
fluctuation. 

c. At the time the unit is organized, there 
is no intention to deploy it overseas, 
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d. Civilan  personnel  are  required   in the 
permanent structure of the organization. 

e. Commercial, nontype-classified equip- 
ment is required for mission performance. 

Examples of TOE organizations are in- 
fantry division, Army calibration company, gen- 
eral support field service company, artillery 
battalion, rifle company, etc. A CONUS depot 
organization typifies a TDA unit (Ref. 9). 

Normally, depot maintenance is performed 
in TDA shops or under contract at commercial 
facilities. The primary purpose of depot main- 
tenance is to augment stocks of serviceable 
materiel. Selected depots, however, are assigned 
the mission of performing depot maintenance 
on medical equipment and returning this equip- 
ment to the user on a nonreimbursable basis. 
Another exception to the general procedure is 
Army aircraft. Selected AMC depots are as- 
signed the additional mission of performing 
general support maintenance on Army aircraft. 
Generally, the general support capability is pro- 
vided to using units by special maintenance 
shops located in proximity to the using unit. 
These shops are administered by the director 
of maintenance of an assigned Army depot. 

Most depot maintenance facilities have 
depot training programs. Participation in these 
programs, however, is not limited to depot 
maintenance personnel. In many instances, or- 
ganizational, direct support, and general sup- 
port maintenance personnel participate in these 
programs to receive instructions in repair and 
preventive maintenance techniques for new 
materiel. 

Oversea depots and other activities with 
depot-type missions are controlled by the over- 
sea commanders. Nevertheless, the missions, of 
oversea depots generally are similar to the mis- 
sions assigned to CONUS depots. The same 
principles of supply and maintenance apply 
within a theater; therefore, the foregoing func- 
tions are valid equally for oversea depots and 
CONUS depots to a great extent. 

The terms "branch depots" and "general 
depots" no longer are used to classify depots 
as to mission responsibilities. Neither is any 
distinction made for large depots that handle 
many types of commodities, smaller depots that 
handle  a limited range of commodities,   or 

depots that handle a single type of commodity 
such as ammunition. All depots presently are 
designated simply as Army depots. Civilian em- 
ployees provide the bulk of the work force em- 
ployed in CONUS depots, although there are 
a few TOE depot maintenance units of company 
and battalion size attached to some depots in 
CONUS. Oversea depots may consist almost en- 
tirely of TOE depot maintenance units, but they 
also employ large numbers of civilian personnel. 
Some depots have depot maintenance shops. The 
primary mission of these maintenance shops is 
to support supply on a return-to-stock basis. 
To accomplish this mission, depot maintenance 
shops use production line, bay shop, or bench- 
type methods of operation, as appropriate. 
These shops contain extensive facilities, special- 
ized production equipment, and the most diver- 
se technical skills in the Army maintenance 
system. Other depot operating personnel main- 
tain close liaison with maintenance activities 
to insure that proper and adequate support is 
rendered and to provide for an orderly flow of 
work from lower categories of maintenance. 

10-1.2.3   Basic Depot Organizations 

The organizational structures of CONUS 
depots have been developed in accordance with 
basic concepts and policies. The inclusion, stat- 
ure, names, and functions of organizational ele- 
ments may vary among depots due to differing 
missions and scope of activities. A basic depot 
organizational chart is provided in Fig. 10-1. 
The maintenance element of depot organizations 
normally is a directorate that is equal in stature 
to the other elements shown. Divisions normally 
found within the Maintenance Directorate are 
the Depot Shop Division, Shop Supply Division, 
Production Control Division, and Production 
Engineering Division. These shops are described 
in the paragraphs that follow. 

J 0-J .2.3. J   Depot Shop Division 

The depot shop division is responsible for 
performing depot maintenance on all materiel 
and weapon systems. The work performed in- 
cludes overhaul, progressive maintenance, con- 
version, activation, inactivation, analytical 
rework, modification, repair, inspection, test, 
and manufacture or fabrication of parts. Gen- 
erally, this division includes all of the produc- 
tion shops, and it comprises approximately 90 
percent of the civilian work force assigned to 
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Figure IO-I.   Bosic Depot Organization 

the Maintenance Directorate in CONUS depots. 
Depending on the maintenance mission of a 
depot, this division may include the shops that 
follow: 

a. Wheeled vehicle repair shops 

b. Tracked vehicle repair shops 

c. Armament repair shops 

d. Missile and electronic repair shops 

e. Aircraft repair shops 

/ Radio repair shops 

g.  Instrument repair shops 

h. Tire repair (retreading) shops 

i Machine shops 

j.  Shop maintenance shops 

k. Welding shops 

1  Sheet metal and radiator shops 

m. Paint shops 

n.  Steam cleaning shops 

o. Sandblasting shops 

p. Woodworking and plastic shops 

q.  Canvas shops 
r.   Chemical cleaning and plating shops. 

Service shop activities may be incorporated 
into a general repair shop when the particular 
function of a service shop is peculiar to a main- 
tenance activity associated with only one of the 
general repair shops. For example, if the depot 
maintenance mission calls for repair or over- 
haul of wheeled vehicles, but excludes all other 
materiel equipped with radiators or requiring 
sheet metal work, the sheet metal and radiator 
shop may be an integral part of the wheeled 
vehicle repair shop. 

Typical facility requirements in relation to 
the commodity commands are shown in Table 
10-2. As a general rule, equipment overhauled 
at the depots must meet the original specifi- 
cations and tolerances; therefore, the required 
tooling and test equipment usually are similar 
to those used in original manufacturing and are 
highly specialized. 
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TABLE 10-2.   TYPICAL COMMODITY COMMAN D DEPOT FACILITY REQUIREMENTS 

Commodity 
Command Types of Tools General Shops Special Shops 

ARMCOM Heavy machine 
Special 
Electronic 

Machine 
Cleaning/plating 
Armament 
Electrical 
Instrument 
Welding 

Optical 
Clean rooms 
Explosive 
Beta X-ray 

AVSCOM Heavy machine 
Specialized jigs 
Special 
Electronic 

Sheet metal 
Engine 
Transmission 
Paint 
Cleaning/plating 
Instrument 
Welding 

Clean rooms 

ECOM Light machine 
Special 
Electronic 

Electronic 
Electrical 
Sheet metal 
Cleaning/painting 

Clean rooms 
Metrology 
Calibration 

MICOM Light machine 
Special 
Electronic 

Missile (electronic) 
Sheet metal 
Machine 
Cleaning/plating 
Painting 

Clean rooms 
Metrology 
Calibration 
Explosive 

TACOM Heavy industrial 
Electrical 
Electronic 

Machine 
Cleaning/plating 
Painting 
Welding 
Canvas 
Sheet metal 
Instrument 

Semiclean rooms 

TROSCOM Heavy machine 
Light machine 
Electrical 
Electronic 

Fabric repair 
Instrument repair 
Painting 
Wood shop 
Sheet metal 
Machine 
Welding 

Electric motor/generator 
Rewind 
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10-/.2.3.2 Production Control, Production 
Engineering, and Shop Supply Divisions 

The operations of depot shops normally are 
supported by three other divisons. These 
divisions provide administrative and technical 
support required in performance of depot main- 
tenance. The general responsibilities of these 
divisions are: 

a. Production Control Division: 

(1) Establish local depot maintenance 
workload schedules based upon direction from 
MIDA, commodity commands, and AMC head- 
quarters. 

(2) Assure coordination of various 
functions to assure that materiel and resources 
are available for successful accomplishment of 
maintenance programs. 

(3) Provide feedback data to various 
local and AMC activities depicting status of 
maintenance programs. 

b. Production Engineering Division: 

(1) Determine facility and plant equip- 
ment requirements. 

(2) Review depot maintenance work re- 
quirements (DMWR's) and other technical 
publications for technical adequacy and depot 
impact. 

(3) Provide technical guidance for shop 
operations, including repair processes, shop lay- 
outs, etc. 

(4) Coordinate work measurement pro- 
grams (time standards) with other depot agen- 
cies. 

(5) Coordinate the solution of calibra- 
tion problems with other depot agencies. 

(6) Coordinate the transmission of 
technical data on depot capabilities to commodi- 
ty commands and other AMC activities. 

(7) Maintain current knowledge per- 
taining to new maintenance engineering tech- 
niques. 

c. Shop Supply Division: 

Provide intrashop supply sup- 
port-including transportation, receipt, segrega- 
tion, reporting and requisitioning-to assure 
availability of required material and hand tools 
at required locations. 

10-1.3   CONTRACTOR FACILITIES 

In the early phases of production, during 
the overlap in production and deployment, the 
full facilities of the contractor, in relation to 
the deployed materiel, may be available for the 
support program. This includes the production 
line processes, engineering and technical sup- 
port services, and field support. Upon full 
deployment, except in the cases of highly spe- 
cialized materiel maintenance operations (e.g., 
gyros, optical equipment) requiring unique 
manufacturing processes and specialized facil- 
ities, the test and maintenance facilities of the 
contractor may be incorporated into the respec- 
tive depot facilities of the AMC. This capability 
generally includes the "production line" type of 
test, diagnostic, and measurement equipment 
and special quality acceptance procedures. Ex- 
cept in the cases noted, the contractor's pro- 
duction line capability normally is phased out 
and limited capability for manufacture or repair 
is retained. Reactivation of these facilities 
and/or the capability for full capacity normally 
is a costly and time-consuming process. 

In addition to the physical plant facilities, 
the contractor facilities, in the broad sense, may 
provide technical support services, contract 
field services, and personnel and training pro- 
grams. 

The technical support services relate to the 
investigation of reported problems on the 
deployed materiel as a result of a request from 
the user, the review of the technical data 
package for adequacy, and the determination 
of the solution to the problem. The solution may 
involve a change in design or in operation or 
maintenance procedures, or clarification in 
interpretation of the data package. Interfaces 
in the development of the solution include 
liaison with personnel associated with publica- 
tions, training, field service, human factors, 
quality, logistic support, and design engineer- 
ing; review of design, support, and operation 
and maintenance procedures; and failure 
analysis of equipment improvement recommen- 
dations. 

The use of strategically located contract 
field service personnel minimizes the in-plant 
technical support service requirements. These 
personnel provide on-site expertise to assist in 
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the resolution of user problems related to the 
fielded equipment. 

The capability of the user to perform the 
designated materiel operation and maintenance 
functions basically is determined by the 
complexity of the equipment and the personnel 
and training program. Generally, the contractor 
provides the development and implementation 
of training courses such as staff planning, tech- 
nical orientation, instructor and key personnel 
courses, and subsequent courses to provide for 
training related to materiel modifications or im- 
provements. 

10-2  TYPES 0 F FACILITIES AT ALL LEVELS 
OF MAINTENANCE 

The Army maintenance structure normally 
is divided into four maintenance levels. How- 
ever, levels are combined when it is cost- 
effective to do so, and aviation materiel and 
some other types are maintained with three lev- 
els. Maintenance levels relate maintenance op- 
erations to other military operations, facilitate 
assignment of responsibility for specific main- 
tenance tasks for specific materiel to specific 
levels of command, and permit orderly and effi- 
cient distribution of maintenance resources. 

Maintenance operations encompass the 
physical performance of tasks such as inspec- 
tion, servicing, adjustment, alignment, repair, 
calibration, conversion, overhaul, rebuild, and 
modification of equipment. These operations are 
specified in the equipment publications for each 
item or commodity group and vary according 
to the maintenance concept for the item or com- 
modity. The operations are performed by ac- 
tivities that use the equipment to accomplish 
their missions; by activities that are assigned 
the mission of performing maintenance oper- 
ations in support of other activities, local area, 
and wholesale supply systems; and by com- 
mercial firms under contract or other military 
services and Government agencies as a result 
of interservice support agreements. 

The types of maintenance operations per- 
formed by each of the Army maintenance levels 
and facilities required are discussed in subse- 
quent paragraphs. 

10-2.1   ARMY MAINTENANCE LEVELS 

The majority of Army materiel is main- 
tained with four maintenance levels: organiza- 
tional, direct support, general support, and 
depot. Aviation materiel and certain other 
materiel are maintained with three mainte- 
nance levels. For aviation materiel, these levels 
are called aviation unit maintenance, aviation 
intermediate support maintenance, and depot 
maintenance. For the other materiel, the levels 
are called organizational, field, and depot. 
Essentially, aviation intermediate support main- 
tenance and field maintenance units are respon- 
sible for combined direct support and general 
support functions. 

Conceptually, aviation unit maintenance is 
identical to organizational maintenance. In each 
case, preventive maintenance, simple adjust- 
ments, tests and repairs, modular replacements, 
etc., are accomplished. The depot maintenance 
concepts for aviation and other materiel also 
are quite similar. Aviation intermediate support 
maintenance differs, of course, from either di- 
rect or general support maintenance. Therefore, 
the paragraphs that follow make no differ- 
entiation between organizational and aviation 
unit maintenance and depot and aviation depot 
maintenance, but 'separately discuss aviation in- 
termediate support maintenance and direct and 
general support maintenance. 
10-2.1.1  Organizational and Aviation Unit 

Maintenance (Ref. 2) 

Each combat, combat support, and combat 
service support activity is authorized an organic 
materiel maintenance element (i.e., 
crew/operator and maintenance personnel) to 
perform authorized organizational maintenance 
operations on equipment assigned to or used 
by it to accomplish its mission. 

The operations normally allocated to this 
level encompass: 

a. Performance of preventive maintenance 
services; e.g., crew/operator checks and serv- 
ices, and scheduled maintenance services. These 
include visual and tactile inspections of external 
and other easily accessible components, lubri- 
cation, cleaning, preserving, tightening, and, ex- 
cept for communication and security materiel, 
minor adjustments to easily accessible mechan- 
ical, electrical, hydraulic, and pneumatic sys- 
tems. 
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b. Diagnosis and isolation of equipment 
malfunctions that can be traced readily to 
defective modules (components/assemblies), us- 
ing easy-to-interpret, built-in test equipment, 
simple goho-go indicators, installed instrumen- 
tation, or easy-to-use and easy-to-interpret ex- 
ternal diagnostic/fault isolation devices such as 
automatic test equipment. 

c. Replacement of modules (compo- 
nents/assemblies), except for communication 
security (COMSEC) materiel, on a time change 
basis or those identified as worn, damaged, or 
otherwise defective which can be re- 
moved/installed readily with easy-to-use tools, 
and which do not require critical adjustment, 
calibration, or alignment before or after install- 
ation. 

d. Replacement of easily accessible un- 
serviceable piece parts not requiring special 
tools or test equipment; e.g., knobs, lamps, fan 
belts, wheels, tires, filter elements, firing pins, 
gages, expendable antennas, and gun barrels. 

e. Evacuation of malfunctioning end items 
and modules (properly preserved and tagged), 
which are beyond the authorized capability or 
capacity to repair or replace, to designated sup- 
porting maintenance facilities for repair or ex- 
change for like serviceable items when these 
activities cannot provide the required support 
on site. 

10-2.1.2 Support Maintenance (Ref. 2) 

Combat service support units are author- 
ized in the Army force structure to provide di- 
rect support, general support, and/or combined 
support maintenance services to the Army in 
the field. To the maximum extent practicable, 
these units are functionalized; i.e., organized to 
perform specialized maintenance tasks on equip- 
ment of several commodity groupings. 

7 0-2.1 .2.1  Direct Support Muintenunce (Ref. 2) 

This level of maintenance is performed on 
equipment in the direct support unit area or, 
when practical and cost-effective, at the equip- 
ment operating site for return to user. The op- 
erations normally allocated to this level encom- 
pass: 

a. Diagnosis and isolation of equip- 
ment/module malfunctions, and adjustment, 
calibration,  and  alignment  of modules  when 
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these functions can be accomplished readily 
with easy-to-use and easy-to-interpret tools and 
test, measurement, and diagnostic equipment. 

b. Repair of equipment by replacing: 

(1) Defective modules (e.g., engine or 
power plant, transfer units, transmissions, 
motors, and compressors) when the replacement 
will provide a high degree of reliability and suc- 
cessful return of the equipment to a serviceable 
status without extensive post-maintenance test- 
ing, run-in, or adjustment. 

(2) Defective piece parts such as vac- 
uum tubes, resistors, relays, coils, transformers, 
wheel seals, and universal joints. 

c. Establishment and operation of a direct 
exchange facility, to include the repair of des- 
ignated unserviceable modules for direct ex- 
change. Module disassembly and repair normal- 
ly are limited to tasks requiring the cleaning 
and replacement of seals, fittings, other ex- 
ternal replaceable parts and common hardware, 
and/or the application of authorized repair kits. 

d. Performance of pollution evaluations of 
emissions from equipment powered by internal 
combustion engines and the necessary adjust- 
ment, replacement, or repairs to keep these 
emissions within established standards. 

e. Performance of light body repairs, to in- 
clude straightening, welding, sanding, and 
painting of skirts, fenders, body, and hull sec- 
tions. 

/ Provision of quick reaction materiel 
readiness and technical assistance support to 
organizational maintenance elements: 

(l)By means of highly mobile contact 
teams to perform or assist in the performance 
of authorized maintenance, and to provide on- 
the-job training 

(2) Through the use of direct exchange 
procedures and operational readiness floats. 

g.  Evacuation  of unserviceable end items 
and modules whose repair is beyond the au- 
thorized capability and capacity to designated 
facilities of the same or higher levels of main: 
tenance, as appropriate. 

10-2,1.2.2 General Support Muintenunce (Ref. 2) 

Operations at this level are aimed primari- 
ly at the repair of end items or modules for 
return to the local area or theater stocks, or 
in support of the direct exchange program. 
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Operations normally allocated to this cat- 
egory encompass: 

a. Diagnosis and isolation of equip- 
ment/module malfunctions to the internal piece 
part level and adjustment, calibration, align- 
ment, and repair of equipment/modules as nec- 
essary when restoration of the equip- 
ment/module to the original manufacturer's tol- 
erances or standards is not required. 

b. Replacement of defective modules when 
such replacement is beyond the authorized 
capability of lower maintenance categories. 

c. Repair of major modules by grinding, 
adjusting, or aligning such items as valves, 
seats, and tappets. (Extensive remachining or 
grinding that subsequently will require balanc- 
ing or metallizing is not authorized.) 

d. Repair of modules by replacement of in- 
ternal and external piece parts when special en- 
vironmental facilities are not required. This in- 
cludes the replacement of printed circuit 
boards/cards constructed of conventional piece 
parts and selected solid state integrated cir- 
cuits. 

e. Performance of heavy body, hull, turret, 
and frame repair to include steel and aluminum 
welding, wood and machine cutting, pressing, 
shearing, sanding, and painting. 

/ Provision of area maintenance support, 
to include technical assistance, on-site mainte- 
nance, and contact team support. Such support 
is provided on an exception basis when general 
support maintenance activities are also assigned 
a direct support maintenance role. This could 
occur when the density of supported units does 
not justify assignment of a direct support main- 
tenance unit. Normally, such support is provid- 
ed to, or at the request of, supported direct 
support maintenance units. 

g. Collection and classification of un- 
serviceable or abandoned Class VII materiel 
(less aircraft, ammunition, missiles, 
crypotographic, and medical materiel) for prop- 
er disposition. 

h. Operation of a cannibalization point, 
when authorized, to augment the direct ex- 
change and/or local area and wholesale supply 
system stocks. 

10-2.1.2.3 Aviation Intermediate Support 
Maintenance 

Aviation intermediate support mainte- 
nance is the single maintenance level between 
the aviation unit and the depot. Maintenance 
activities at this level normally encompass: 

a. All maintenance authorized to be accom- 
plished by aviation unit maintenance 

b. Inspection, troubleshooting, repair, re- 
placement, calibration, and alignment of com- 
ponents, modules, and end items that can be 
accomplished with available tools, test equip- 
ment, and skills 

c. Authorized airframe repair and fabrica- 
tion of parts 

d. Determination of the serviceability of 
specified modules/components removed prior to 
the expiration of time between overhaul or 
finite life and performance of collection and 
classification services for serv- 
iceable/unserviceable materiel 

e. Repair of materiel for return to user 
and/or to stock 

f. Maintenance of authorized operational 
readiness float aircraft 

g. Aircraft weight and balance inspections 
and other inspections beyond the capability of 
aviation unit maintenance 

h. Aircraft recovery, air evacuation, for- 
ward maintenance support, on-the-job training, 
and technical assistance through mobile main- 
tenance contact teams 

/'. Operation of a cannibalization activity 
in accordance with current directives 

j. Evacuation of unserviceable materiel 
beyond the local repair capability to depot 
maintenance. 

10-2.1.3  Depot Maintenance(Ref. 2) 

Depot maintenance operations  normally 
encompass: 

a.  Performance of: 

(1) Overhaul of end items/modules 
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(2) Repairs to items which exceed the 
capability of the field army, or when manu- 
facturing tolerances must be met and main- 
tained, or when special environmental facilities 
are required (e.g., clean room, controlled tem- 
perature/humidity, special clothing) 

(3) Nondestructive testing to deter- 
mine the utility of removed used parts 

(4) Special inspections and modi- 
fications of equipment requiring extensive dis- 
assembly or elaborate test equipment. These are 
performed, when practical, as part of cyclic 
overhaul or special depot maintenance pro- 
grams. 

b. Manufacturing of items and parts not 
provided by or stocked in the supply system 
when operational or cost-effectiveness consid- 
erations indicate the need for such service. 

c. Provision of wholesale level direct ex- 
change support for selected end items and mod- 
ules. 

CONUS depots and non-TOE depot main- 
tenance oversea activities also perform depot 
maintenance operations at the operating site on 
end items and modules which-because of size, 
character of their operating installation, or crit- 
icality- cannot be evacuated conveniently to a 
depot maintenance facility. 

10-2.2   FACILITY REQUIREMENTS 

A facility is an item of real property such 
as a structure or real property installed equip- 
ment. Planning for materiel maintenance facil- 
ities for all maintenance levels begins in the 
conceptual phase. Estimated facility require- 
ments and the personnel, heavy machine tools, 
special tools, test equipment, etc., required to 
man and equip the facilities are a part of the 
materiel development plan. As the program 
progresses, these requirements are refined, and 
at the appropriate time, facility modification 
and construction, training, and materiel 
procurement programs are initiated. 

The paragraphs that follow discuss typical 
maintenance facility requirements at the vari- 
ous maintenance levels. The type of mainte- 
nance facility required at the organizational lev- 
el is so closely associated with the materiel cat- 
egory assigned to the unit that generalizations 
are almost meaningless. General descriptions 
become more meaningful at the higher levels. 

10-2.2.1  Organizational level Facilities 

Ma ntenance facilities at the organizational 
level may be relatively elaborate or extremely 
austere, depending upon the materiel assigned 
to the unit. If the unit materiel does not require 
combat mobility, facilities are apt to be struc- 
tures. If combat mobility is necessary, facilities 
may be structures during peacetime but, during 
combat, facility substitutes such as tents and 
trucks are most likely to be used. For example, 
a fixed air defense missile site prior to and 
during combat will have missile assembly and 
supply facilities, while an airborne infantry unit 
may have maintenance and supply structures 
during peacetime but, during combat, will have 
at best maintenance and supply tents. 

One materiel category common to most or- 
ganizations is vehicles. The minimum facilities 
required for adequate organizational vehicle 
maintenance are: 

a. A hardstand adequately drained and 
large enough to park unit vehicles and store 
other unit equipment 

b. Availability of an adequate number of 
bays in a maintenance shop/shelter (heat and 
light desirable) 

c. Availability of a wash rack 

d. Availability of a grease rack/pit 

e. Availability of tire repairing and battery 
charging facilities. 

10-2.2.2  Direct Support level Facilities 

The maintenance facilities required at the 
direct support level of maintenance are more 
elaborate than those required at the organiza- 
tional level. However, due to the operational 
necessity that direct support units be 100 per- 
cent mobile, a major portion of the mission 
equipment of the unit is vehicular-mounted and 
mechanics work out of unit maintenance trucks 
and vans. 

The maintenance facilities required at the 
direct support level in addition to those required 
for organizational maintenance include: 

a. An adequate road net within the area 
to facilitate ease of movement under all 
climatic conditions 

b. A hardstand for customer parking and 
equipment awaiting the shop 

10-12 



AMCP   70G132 

c. Adequate heated and lighted mainte- 
nance areas 

d. Adequate warehouse space for technical 
supply and direct exchange operations. 

10-2.2.3   General Support level Facilities 

The maintenance facilities required at the 
general support level are more elaborate and 
less mobile than those at either the organiza- 
tional or direct support level. The general sup- 
port maintenance company is not mobile in the 
true sense of the word and does a major portion 
of its work inside, using organic tentage and 
any permanent or semipermanent large 
buildings available. 

The maintenance facilities required at the 
general support level include: 

a. A large hardstand to accommodate a 
considerable backlog of repairable equipment. 

b. Extensive shop and warehouse space to 
facilitate either a bay or production line method 
of operation. 

10-2.2.4  Aviation Intermediate Support 
Maintenance Facilities 

Facilities for aviation intermediate support 
maintenance are similar to those described for 
general support maintenance. Typical facilities 
include a hardstand and permanent or semi- 
permanent structures to house TMDE and sup- 
plies and to provide maintenance work areas. 

In the absence of permament structures, 
as would occur when deployment in un- 
developed areas is required, initial facilities 
probably would comprise semipermanent struc- 
tures and/or tents augmented with shop vans. 
Such facilities would be improved as permitted 
by the tactical situation. 

10-2.2.5   Depot level Facilities (Ref. 3) 

Each major Army materiel cate- 
gory-aircraft, missiles, etc. —is divided, by sub- 
system, into logical workload groups. Depots 
are divided into production shops that are 
equipped specifically to maintain assigned 
workload groups. These shops consist normally 
of relatively large, permanent structures. Ex- 
amples of shop functions and shop equipment 
are shown in Table 10-2. 

10-3 MAINTENANCE FACILITY WORK 
FLOW 

Effective materiel maintenance manage- 
ment includes the work scheduling, estab- 
lishment of orderly work flows, and verification 
of the quality of 'the maintenance performed. 
These management functions are applicable 
mainly to the field and depot maintenance lev- 
els. 

10-3.1   HELD SUPPORT MAINTENANCEWORK 
FLOW 

Field maintenance operations conducted by 
mobile or semimobile Table of Organization and 
Equipment (TOE) military units are to be dis- 
tinguished from those support activities con- 
ducted by civilian-manned fixed shops in CON- 
US or certain oversea areas. In distinguishing 
these two activities, the vital role which fixed 
shops play in providing field maintenance sup- 
port to the field armies in CONUS or overseas 
should not be minimized. However, much field 
maintenance, especially in theaters of oper- 
ations, primarily is a military operation in 
which TOE units play the dominant role. It 
must be recognized, when reference is made to 
general support, that in peacetime non-TOE 
fixed shops often provide this support to using 
and direct support units in lieu of TOE general 
oupport units. This situation is true particularly 
in CONUS garrisons and to some extent in com- 
munication zones. Furthermore, many of the 
functional organization and shop management 
practices followed in fixed shops are common 
to both direct support and general support TOE 
units. 

10-3.1.1   Identifying Requirements and Instituting 
Repairs 

The using unit has primary responsibility 
for identifying failures and for determining 
what deficiencies are beyond the capability of 
organizational maintenance. The cognizant di- 
rect support unit has primary responsibility, in 
such cases, for determining the extent and type 
of field maintenance required and the place and 
time at which this field maintenance will be 
performed. The specific methods by which these 
responsibilities are exercised will vary with lo- 
cal environmental and tactical conditions, the 
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type of equipment, and the particular standing 
operating procedures of the user and supporting 
units. The initial identification of failure may 
.be made by the operator, and then reported 
to the organizational mechanic. IF the failure 
is beyond the established capability of organi- 
zational maintenance, the direct support unit 
can either: 

a. Request that the item be brought in for 
repair or exchange by the using unit or by the 
recovery team of the direct support unit. 

b. Send out a mobile repair team to per- 
form on-site repairs or replacement. 

c. Send out an inspector if there is a ques- 
tion as to repair action required. This does not 
mean that this decision-making process occurs 
for each incident of failure. Most types of main- 
tenance deficiencies are repetitious, and once 
a suitable method of repair or evacuation is 
established for a given type of failure, it usually 
will be followed as a matter of prescribed rou- 
tine. 

The direct support company headquarters 
is responsible for deciding which course of ac- 
tion to follow after receiving a report from the 
line battalion. In many combat situations, the 
mobile repair teams or direct support platoons 
are operating in the field and, if they are on 
the command communication net or in physical 
contact with the user units, they may receive 
the failure reports directly. However, even in 
these cases, the mobile repair team ordinarily 
reports this information to its headquarters be- 
fore undertaking any extensive repair or evac- 
uation operation. In combat situations, commu- 
nications among the users, the mobile repair 
'teams, and the parent direct support unit must 
operate efficiently. It also must be understood 
clearly what communications are authorized di- 
rectly between user units and the forward 
mobile teams and also what authority has been 
delegated to the mobile teams regarding when, 
where, and how to make reDairs. 

The direct support company headquarters 
or its forward direct support platoons, when 
designated, after receiving a report or exam- 
ining the failed item, will determine whether 

field maintenance will be performed on site or 
at the company shops, and whether it will be 
performed by direct exchange or by repair and 

return to user. Smaller items or major com- 
ponents which break down in the forward com- 
pany combat zones are replaced on site by di- 
rect exchange, and the item or component is 
repaired and returned to stock. During combat, 
a major piece of equipment-such as a truck, 
tank, or field radio set-usually is evacuated 
by the line battalion out of the immediate com- 
bat zone. Thus, any on-site repair or replace- 
ment made by the direct support unit actually 
is at the site of the battalion evacuation point 
rather than at the actual point of failure. This 
practice, when feasible, is preferred, since it 
enables the mobile repair teams of the direct 
support unit to operate in relative safety. How- 
ever, in some cases, a mobile repair team op- 
erating in the combat zone may move up to 
the combat area of an infantry or armor com- 
pany and perform an emergency repair or re- 
placement at or very close to the point of equip- 
ment breakdown. 

The mobile repair teams are a critical 
asset that must be used prudently by the direct 
support unit commander. It is essential that a 
priority system be established for their employ- 
ment in order to maximize their utility. 
Although all TOE equipment and units presum- 
ably are essential to combat, some are more 
essential than others. A direct support unit 
commander, his operations officer, and the di- 
rect support platoon leaders must be familiar 
with the combat criticality of various equip- 
ment and of the units they support, so that 
during an exercise or combat, the highest pri- 
ority jobs will receive the most prompt service 
by mobile repair teams. Similarly, a job priority 
system must be established for repairs that are 
to be made back at the direct support shops. 
Priorities may have to be revised during combat 
to meet changes in the tactical situation; nev- 
ertheless, a field maintenance unit, which at 
least commences a combat operation with a 
basic priority system, will be able to fulfill its 
support mission far better than a unit that op- 
erates 0n a first-come, first-served basis. 

10-3.1.2  Evacuation of Unserviceable Items 

The using organization is responsible for 
the evacuation of unserviceable materiel that 
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is beyond the authorized organizational main- 
tenance capability to the next higher mainte- 
nance level. The organization normally is re- 
sponsible for accomplishing all required main- 
tenance within its capability before evacuating 
an item that will be repaired and returned by 
a higher maintenance level. This organizational 
maintenance is not required on items that are 
evacuated to a higher maintenance level for re- 
pair, overhaul, or rebuild on a nonreturn basis. 
In preparation for either type of evacuation, 
the organization is responsible for accom- 
plishing prescribed preservation, packaging, and 
packing of the materiel. Direct support units 
assist organizations, as necessary, in accom- 
plishing materiel evacuation. 

10-3.1.3 Maintenance Floats 

Maintenance float is a quantity of major 
items required and authorized for stockage at 
field maintenance units and activities to provide 
replacement for unserviceable items of equip- 
ment when repair of unserviceable items and 
return to the user cannot be accomplished 
within a specified time. Maintenance floats have 
assumed increasing importance in field main- 
tenance-especially in direct support oper- 
ations-because they permit immediate ex- 
change of serviceable items for unserviceable 
items and enable a using unit to perform its 
assigned mission without serious interruption. 
The use of floats also enables a field main- 
tenance unit to complete repairs back at the 
shop with less urgency and, in combat, with 
more freedom from the press of battle. Since 
floats must allow for repair and turnaround 
time, they are limited to high density or critical 
mission items lest they become too costly and 
burdensome to the logistic system. Maintenance 
floats are computed by the major commands; 
information concerning the operation of the 
float system and authorization of specific items 
for stockage at direct and general support levels 
is contained in major command supply bulle- 
tins. 

10-3.1.4 Internal TOE Shop Operations 

The operation of a TOE field maintenance 
shop follows the basic principles of a fixed shop. 
The shop practices will vary because of differ- 
ences in operating environments and the nature 
of mobile and semimobile shops versus fixed 
shops. There is likely to be greater flexibility 

and informality in TOE shop operations. Sched- 
uling, which is difficult enough to accomplish 
at fixed shops, is almost impossible at TOE 
maintenance units. Stability in layout of supply 
and shop vans is complicated by mobility re- 
quirements and site selection problems. The re- 
stricted physical nature of direct support unit 
facilities and, to a lesser extent, general support 
units also creates a different working environ- 
ment from that existing in fixed shops. In a 
theater of operation, combat conditions greatly 
affect TOE maintenance internal shop oper- 
ations, causing more frequent movements, er- 
ratic supply, and disrupted communications 
with using units and other logistic units. 
Despite these various and unique problems en- 
countered in internal TOE shop operations, the 
shop practices are reasonably standardized. The 
vans or tents are arranged, whenever possible, 
in a manner similar to a fixed shop, with pro- 
vision for shop supply and for bay shop type 
repair. The vans or tents usually are set up 
on a functional basis, with separate vans or 
bays set up for specific types of repair. Dis- 
persion also must be a factor in arranging 
shops. 

IO-3.1.4.1  Site Selection and Shop Luyout 

The selection of a site and layout for TOE 
field maintenance shops depends upon the tac- 
tical situation, environmental conditions, the 
mobility of the unit, the TOE, the mission, and 
the availability of resources. A direct support 
unit will move its vans to an area selected by 
the unit commander (with the concurrence of 
the cognizant tactical commanders) to insure 
optimum service to the user units and protec- 
tion for the maintenance unit. General support 
units also are located subject to tactical require- 
ments and usually also take advantage of avail- 
able local buildings in which shops can be set 
up. The layout of shops is determined largely 
by the TOE that establishes the shop sections 
and the authorized repair equipment. Consid- 
erable discretion rests with the unit commander 
in arranging his vans and tents, or in laying 
out a building. Generally, the shop office and/or 
operations section is located nearest to the shop 
or equipment pool area, since this usually is 
where initial and final inspections are made. 
The shop supply section should be located cen- 
trally and conveniently with respect to the re- 
pair sections. A commander should also use ter- 
rain and dispersion to their best advantage as 
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a protection  against conventional and nuclear 
attack and also against the elements. 

7 0-3,7.4,2  Scheduling 

A TOE field maintenance unit can do little 
formal scheduling of repairs. Most repairs are 
made on an on-call, as-needed basis. However, 
many TOE field maintenance units have en- 
deavored to achieve some form of scheduling 
whenever possible. By judicious use of visits, 
regular work contact, and inspections, a field 
maintenance unit often can anticipate major re- 
pairs and do advance scheduling on certain 
types of items and repair jobs. 

7 0-3,1.4,3 Inspection, Work Control, and Reporting 

Operation of a mobile or semimobile TOE 
shop follows the basic pattern of fixed shops. 
Control over repairs is exercised in most cases 
by an operations section of a direct or general 
support unit or by the chief of each repair sec- 
tion within the unit. 

The following typical inspection, work con- 
trol, and reporting functions are performed by 
TOE shop personnel: 

a. Inspection. Most field maintenance 
units have trained personnel specifically des- 
ignated as inspectors who are attached to the 
operations section. They usually perform a thor- 
ough initial inspection of items brought into 
the shop area for repairs to determine the exact 
nature of the work and repair parts required. 
Deficiencies of organizational maintenance also 
are noted. The earlier on-site inspections usu- 
ally are made by repairmen attached to mobile 
teams assisted, as necessary, by regular in- 
spectors. In-process inspection may be made to 
insure quality or to identify areas needing im- 
provement. Final inspections regularly are per- 
formed before a repaired item is returned to 
the user or to stock. 

b. Work Control. The work flow is similar 
to that in fixed shops except for the physical 
differences. After inspection, a job order' 
number usually is assigned and the job, with 
its accompanying work request and job order 
form, moves to the various vans or bays for 
necessary repairs. Control is exercised by the 
operations section, or its equivalent, monitoring 
the job progress and expediting the work. The 
necessary parts are obtained by the supply sec- 
tion and issued to the repair sections. 
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Most TOE shops keep a work flow board 
showing the location of various job orders with 
an expected date of completion. Repair section 
chiefs generally submit a daily report that lists 
job order progress and notes any unusual delin- 
quencies in parts or tools that are delaying a 
job. 

c. Reporting. To assist the field army in 
overall control over field maintenance, the TOE 
field shops report performance to higher head- 
quarters on the maintenance readiness and field 
maintenance costs form and the maintenance 
readiness of representative critical equipment 
form. Field Army and commanders are con- 
cerned about keeping deadlined equipment at 
an absolute minimum. Excessive deadlines can 
impair combat readiness of a Field Army 
seriously. It is incumbent upon direct support 
unit commanders to insure expeditious work 
flow and to notify general support units 
promptly when backup support is required. 

10-3.2   DEPOT MAINTENANCE WORK FLOW 

The depot is the basic facility within the 
supply system for receipt, inspection, classifica- 
tion, storage, preservation and packaging, as- 
sembly, disassembly, maintenance, and issue of 
materiel. The minimum task of the depot supply 
function, simply stated, is to receive, store, and 
care for supplies while in storage, process ap- 
plicable demands, and ship supplies against 
these demands within specified time frames. 
Army depots are the primary storage and dis- 
tribution points for the Army wholesale supply 
system. Army depot missions are established 
by Headquarters, Department of Army, and the 
Commander, AMC The statement of missions 
prepared for each depot contains the functions, 
scope, and purpose of the depot, including any 
limitations that may be placed on it. Depot mis- 
sions generally are classified into three groups: 
stock distribution/storage, depot maintenance, 
and other. 

Stock distribution/storage encompasses the 
functions of receipt, storage, preservation and 
packaging, and shipment of materiel as directed 
by the National Inventory Control Point com- 
modity managers. In addition, Army depots 
may perform storage functions for materiel 
belonging to other services or agencies. 

Depot maintenance augments stocks of 
serviceable materiel, and supports organiza- 
tional,  direct  support,  and general  support 
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maintenance activities. Depot maintenance in- 
cludes the functions of inspection, test, repair, 
fabrication, modification, alteration, modern- 
ization, conversion, overhaul, reclamation, or re- 
build of parts, components, subassemblies, as- 
semblies, and end items. 

In addition to the missions previously men- 
tioned, Army depots have other missions to per- 
form. Some of these missions are small arms 
ammunition clipping and linking, materiel 
demilitarization, ammunition and petroleum 
surveillance, and modification of equipment 
(Ref. 4). 

10-3.2.1   Depot Production Planningand Control 

The Production Planning and Control Sys- 
tem is used for planning, accepting, scheduling, 
costing, and reporting organic depot mainte- 
nance workloads. Workload requirements are 
determined initially by the National Inventory 
Control Point and are issued by the central 
workloading activity—the United States Army 
Major Item Data Agency (Fig. 10-2). The Pro- 
duction Planning and Control System is appli- 
cable to AMC depots for: 

a. Planning, programming, scheduling, and 
performing depot maintenance, modification, 
conversion, alteration, renovation, or fabrication 
of materiel authorized through the Major Item 
Data Agency 

b. Planning, programming, and scheduling 
of depot maintenance support services. 

7 0-3.2.1,1   Generation of Requirements 

The Production Planning and Control Sys- 
tem, to the maximum extent practicable, em- 
bodies the principle of management by ex- 
ception. To achieve this principle, automatic 
data processing equipment is used extensively 
in program planning, acceptance, parts fore- 
casting, scheduling, and analysis as part of the 
SPEEDEX (System Wide Project for Electronic 
Equipment at Depots, Extended) system. 

In addition to current year workloads, 
depot maintenance activities receive 5-yr work 
projections in accordance with the Army 5-yr 
maintenance plan; i.e., current year, target 
year, target year plus 1, plus 2, plus 3, and 
plus 4. Current and target year work is sched- 
uled and reported to the United States Army 
Major Item  Data Agency  as  changes occur. 

Target year plus 1 through 4, as a minimum, 
is updated semiannually by the Major Item 
Data Agency. 

Exchange of maintenance data between 
the Major Item Data Agency arid performing 
activities is through the use of automatic data 
processing equipment. The system provides for 
automatic followup on pending actions and es- 
tablishes suspense dates for required inputs. 
Data contained in the Major Item Data Agency 
data bank are the official source for AMC in 
making management decisions. In this connec- 
tion, management at the local level, to the max- 
imum extent, controls their respective areas of 
responsibility through use of automatic data 
processing equipment generated reports from 
data contained or computed in local equipment. 
In cases where errors exist, corrective action 
is taken and verified by a subsequent automatic 
data processing equipment report. Management 
at the depot level, through use of standard au- 
tomatic data processing equipment generated 
reports, minimizes the potential for unsound 
higher authority decisions based upon data con- 
tained in the Major Item Data Agency data 
bank. 

Current year orders are processed as fol- 
lows: 

a. Work orders emanating from the Major 
Item Data Agency are input directly into au- 
tomatic data processing equipment without 
intervention. In cases when data do not pass 
the local validation procedure, the order is 
returned to the Major Item Data Agency for 
resubmission. Orders that pass validation are 
processed automatically and accepted if within 
established parameters. A program notice is 
produced and directed to the responsible pro- 
duction controller. It should be noted that the 
program notice provides visibility to accepted 
orders, required schedules, priorities, program 
control number, item name, AMC procurement 
request order number, customer, work accom- 
plishment code, and unit cost estimates, and 
is used for audit purposes. Each time a change 
occurs in the planned/authorized quantity or 
unit funded/total cost, a new program notice 
is produced. 

b. Orders that are not within established 
parameters are directed to the responsible pro- 
duction controller for action. A suspense date 
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Figure 10-2.   Generation of Depot Maintenance Requirements 

is established for reply to the system. In cases 
when no action is taken on the part of the 
production controller, a followup program no- 
tice is produced. Data within the system that 
created the condition are retained in a negotia- 
tion file pending response by the maintenance 

production control activity. When input is re- 
ceived, the appropriate response is forwarded 
to the Major Item Data Agency. 

Target year orders are processed  in the 
same manner as current year orders. Monthly 
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schedules and cost information are passed from 
and to the Major Item Data Agency as changes 
occur. 

Orders for target years plus 1 through 4, 
as a minimum, are received by performing ac- 
tivities semiannually and are used for planning 
purposes. 

Job order control for the current year is 
accomplished through use of machine-generated 
reports, or a remote inquiry system. Provision 
is made for automatic reports to draw attention 
to exception type of conditions. Job order costs 
are machine-monitored during execution, as 
costs are posted to the job order record. Reports 
are produced   automatically whenever  applied 
costs- indicate that a projected cost will be out- 
side the billing price variance. Job orders that 
are projected to be over/under the billing price 
variance are placed in a suspense negotiation 
file automatically. Response by the responsible 
production controller is mandatory within 5 
days if renegotiation is not desired. 

Price adjustment to individual job orders 
is accomplished within the production control 
activity by updating direct labor man-hour re- 
quirements at work center unit production code 
levels, adjustment to part cost per unit, or ad- 
justment of other costs per unit. Input to the 
system of the foregoing data causes a 
recomputation of the unit funded/unfunded cost 
and results in a renegotiation with the Major 
Item Data Agency. The record is held in sus- 
pense pending a reply from the Major Item 
Data Agency. Upon approval by the Major Item 
Data Agency of the revised unit funded cost, 
a program notice is produced reflecting the new 
authorized funds. The transfer of funds from 
one job order to another for the purpose of con- 
tinuing a job in process during negotiation is 
not permitted. In addition, whenever an er- 
roneous charge is posted to a record, the pro- 
cedure that follows is adhered to: 

a. Corrective cost transfers exceeding 
$1,000 are documented on a journal voucher be- 
fore being entered into the accounting system. 
The journal voucher is approved by the director 
of maintenance and contains a detailed ex- 
planation of why the transfer is being made. 

b. These vouchers are subject to review 
and final approval of the depot comptroller. 

/ 0-3.2. / .2  Emergency Requirements 

If a desired emergency item has been ac- 
cepted previously by the depot maintenance ac- 
tivity, the Major Item Data Agency, upon 
receipt of the emergency requirement, tele- 
phones the depot maintenance activity and re- 
quests the item(s) within prescribed time 
frames. If the item is programmed but not au- 
thorized, the Major Item Data Agency takes ac- 
tion to authorize the order within 24 hr. 

If a desired emergency item has not been 
programmed previously, the Major Item Data 
Agency telephones the selected depot to place 
the order. Confirmation of the order is provided 
by card transmission within 24 hr. 

If commodity  commands  cannot  place 

emergency orders through the Major Item Data 
Agency direct communication to depots is au~ 
thor1zed- 

Confirmation of emergency orders flows 
through the Major Item Data Agency the morn- 
ing of the first workday following each occur- 
rence. 

10-3.2.2   Depot Funding (Ref. 5) 

Army Materiel Command depots operate 
according to'the Army industrial fund concept. 
This concept was adopted to help balance work- 
loads, funds, and manpower. It provides a uni- 
form management and accounting procedure for 
depots throughout the command, as well as a 
more flexible means of financing industrial and 
commercial operations. 

Under the concept, payments are made 
from the Army industrial fund account for la- 
bor, materials, and services. Uncompleted pro- 
grams may be carried over to the next fiscal 
year. The Army's Major Item Data Agency 
serves as a central data bank to determine the 
workload situation of each depot. It also acts 
as an agent of the customer in dealing with 
the depots, and reimburses the Army industrial 
fund from the customer's money, replenishing 
the revolving fund. 

The National Inventory Control Points 
within the Army Materiel Command normally 
assume the role of the customer, contracting 
with the depots for services such as mainte- 
nance and repair, storage and transportation, 
or calibration.  In other instances these depot 
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service elements become the customers, and the 
depot support operations-depot equipment, fa- 
cilities, or data operations, for example-are the 
servicing agents. 

The Major Item Data Agency pays the bills 
from the customer's funds for operation and 
maintenance, minor military construction, fam- 
ily housing, or whatever customer accounts are 
applicable. 

One advantage of the Army industrial 
fund concept is that competition between depots 
for work is increased, resulting in more strin- 
gent depot management. Depot commanders are 
held more responsible for keeping production 
rates high and overall costs reasonable. The sys- 
tem provides better management tools and calls 
for improved management as a result of their 
use. 

10-3.2.3  Nature of the Depot Maintenance Shop 
labor Force (Ref. 1) 

An inherent problem associated with depot 
labor forces is that of maintaining compatibility 
between the workload and the number of per- 
sonnel. This problem is offset to some degree 
by the diverse skills that some depot personnel 
possess. 

7 0-3.2.3.1   Quantitative Inflexibility 

Unlike many industrial concerns, which 
are able to achieve flexibility in their labor 
force by hiring workers in periods of peak pro- 
duction output and laying them off when the 
volume of work declines, most Army depot 
maintenance shops have labor forces that are 
relatively inflexible. This condition is true for 
several reasons. Many depot maintenance shops 
in CONUS, for example, are located in isolated, 
nonindustrial areas. Often, the military and ci- 
vilian personnel who work in these shops form 
a large percentage of the skilled work force in 
the area. Under such circumstances, if labor 
requirements at the maintenance shop increase, 
it often is difficult or impossible to hire ad- 
ditional trained workers. If, on the other hand, 
the workload at the maintenance shop de- 
creases, and workers are laid off, the workers 
may move away from the area en- 
tirely-especially if there is insufficient com- 
mercial industrial activity available to absorb 
them. It is imperative, therefore, that available 

manpower in the maintenance shops be retain- 
ed. Another reason why the depot maintenance 
shop work force is relatively inflexible is that 
the size of the labor force required to execute 
the program for a budget year usually is de- 
termined during the budgetary process and, in 
most instances, is conditioned by the best avail- 
able estimates of the prospective workload of 
the shop. Estimates are based on historical 
records and, consequently, have a certain "built- 
in" inaccuracy. The labor ceiling prescribed in 
the budget seldom is exceeded in actual prac- 
tice, not only because of restrictions imposed 
by directives but also because additional skilled 
personnel needed for an expanded overhaul op- 
eration are seldom available. Also, in all prob- 
ability, additional skilled personnel who might 
be available would be unwilling to work on a 
temporary basis. 

Civilians employed in depot maintenance 
activities usually are classified as either wage 
board or general schedule employees. As such, 
they have been trained, in many instances, in 
positions peculiar to a military specialty and, 
in some cases, the positions in which they work 
are found infrequently in private industry. The 
Federal Government, therefore, has a valid in- 
terest in the retention of such trained person- 
nel, and every effort is made to balance work- 
loads so as to avoid personnel fluctuations. Such 
efforts tend to provide a reasonable degree of 
job security and to insure the retention of a 
stable maintenance shop labor force. Govern- 
ment regulations controlling labor generally are 
no more restrictive than the job security pro- 
visions negotiated by industry and labor unions 
during collective bargaining. 

When the maintenance workload exceeds 
shop capacity at a depot, several alternatives 
are available to the commander. The shop might 
go on an overtime status, personnel might be 
shifted from shops in other depot divisions, or 
a portion of the work might be contracted to 
commercial organizations. These alternatives 
have their limitations. For example, the use of 
overtime may be restricted by funding limita- 
tions; the technical nature of some overhaul op- 
erations may prevent the movement of employ- 
ees among depot activities; and contract main- 
tenance sources that are technically qualified 

10-20 



AMCP 706-132 

for the work involved may be too costly or too 
far removed from the depot to be worthwhile. 
The problems created by a relatively inflexible 
labor force vary with the adequacy and ac- 
curacy of production programs and schedules 
generated at command levels. If the actual 
workload at a maintenance depot shop coincides 
closely with initial estimates and planned pro- 
duction schedules, production management will 
have relatively little difficulty in meeting labor 
requirements. If crash programs occur or initial 
production schedules bear little resemblance to 
the actual workload received, difficulties of the 
types discussed will arise. 

A factor that helps to compensate for labor 
force inflexibility is the scheduling of annual 
leave. If employee leaves are scheduled during 
slack periods of maintenance activity rather 
than during peak periods, maximum use of the 
existing labor force can be achieved. In plan- 
ning any production operation, the factor of un- 
scheduled worker absence must be considered. 

Army depots in oversea theaters are faced 
with the same problem of inflexibility of the 
labor force as are the depots in CONUS. More- 
over, other problems confront the commanders 
of an Army depot overseas. In relatively un- 
developed countries, unskilled labor may be 
plentiful, but skilled labor generally is scarce 
and most depot employees must be given ex- 
tensive on-the-job training in production tech- 
niques. This training usually is hampered by 
a language barrier that is not overcome easily. 

7 0-3.2.3,2 Skill flexibility 

The adequacy of the maintenance facility, 
the type of materiel to be repaired or over- 
hauled, and the form of production arrange- 
ment involved-bay shop, production line, or a 
combination of both-determine, to a great ex- 
tent, the production skills required to perform 
the maintenance mission effectively. In a depot 
shop with a bay shop operation, workers nor- 
mally are required to have more technical 
knowledge and mechanical skills than workers 
in a depot shop with a production line. The 
bay shop worker is not necessarily any less 
skilled at any one job than the production line 
worker. Usually, however, he must be able to 
do more than one job. Worker flexibility of this 
type helps to offset labor force inflexibility and 

enables the maintenance shop to support in- 
creased types and quantities of Army equip- 
ment. In general, depot maintenance operations 
require more highly skilled workers than do 
routine manufacturing operations. 

Training personnel should be an integral 
aspect of depot shop operations. This require- 
ment is necessary because of the following rea- 
sons: the depot, in all instances, cannot hire 
competent personnel who have the required 
skills; and multiple-skilled employees increase 
the overall efficiency of shop operations. Train- 
ing for depot shop personnel may be conducted 
in formal off-the-job classes or by on-the-job 
instruction and supervision, with individual 
workers moved from time to time to work at 
different types of jobs. When new equipment 
is introduced, contract representatives and fa- 
cilities may be used for training depot main- 
tenance personnel. The primary responsibility 
for depot training rests with the depot com- 
mander. 

10-3.2.4 Production Processes (Ref. 1) 

Depot Maintenance Work Requirements 
(DMWR's) specify the depot maintenance pro- 
cesses required for an item of materiel. 
DMWR's prescribe the sequential steps involved 
in performing required maintenance from 
receipt and inspection through teardown, repair, 
assembly, and test, and conclude with preser- 
vation, packaging, packing, and marking in- 
structions. Additionally, required tools, test 
equipment, repair parts, and maintenance times 
are specified. 

An analysis of these data will reveal the 
most efficient type of production layout to ac- 
complish the work called for in the DMWR. 
However, due to the varied demands that are 
placed on depots and the varied capabilities of 
depots, it is not possible always to use the ideal 
production layout for a particular DMWR. 

A production layout may be described as 
the physical arrangement of facilities, equip- 
ment, special tools, and the necessary supplies 
for the purpose of repairing or overhauling 
equipment. Army maintenance installations 
commonly use the bay shop type layout or the 
production line layout. Each layout has its ad- 
vantages and disadvantages. In general, the 
type of production arrangement or layout used 
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at a particular maintenance   installation de- 
pends on the following factors: 

a. The magnitude of the maintenance shop 
workload as to the types and the density of 
items and equipment that are processed and 
the level of maintenance that is performed 

b. The type of production facilities, such 
as machine tools, test equipment, and overhead 
cranes, necessary to perform the mission im- 
posed 

c. The size and nature of available pro- 
duction floorspace 

d. The versatility and availability of the 
maintenance work force. 

Production lines are used primarily for re- 
build or overhaul operations involving a large 
number of high-density items. The bay shop 
technique is used primarily for operations in- 
volving low-density items or items which, re- 
gardless of density, are received by the depot 
for overhaul or rebuild in insufficient quantities 
to justify setting up a production line. A major 
exception to these general rules is electronic 
and communication equipment, which usually 
is overhauled or rebuilt in a bench-type layout 
without regard to the numbers of items in- 
volved. Bench-type layouts are merely a mod- 
ified form of the fixed station or bay shop lay- 
out. 

10-3,2.4.1   Characteristics of a Production Layout 

Ideally, a production layout should be set 
up especially for the items to be overhauled. 
The building in which production is to take 
place should be large enough to contain the pro- 
duction layout. Such an arrangement, however, 
is not always possible at an Army maintenance 
facility. A depot maintenance shop is respon- 
sible for overhauling a variety of items and 
equipment, and a layout that is suitable for 
one type of equipment may be less suitable for 
another. Compromise solutions to layout re- 
quirements, thereby, become the rule rather 
than the exception. All layouts, however, re- 
quire efficient planning and meaningful ar- 
rangement of in-plant facilities. Well-conceived 
layouts facilitate motion economy, reduce costs, 
speed up the production effort, keep material 
movement and backtracking between processes 
to a minimum, reduce material handling costs, 
and provide a sufficient amount of in-process 

storage space. Finally, a layout should be flex- 
ible enough to allow changes to be made in 
the production operation, as necessary to ac- 
commodate demands for changes in program 
requirements. 

7 0-3.2.4.2 Bay Shop or Fixed Station Layout 

A bay shop or fixed station method of op- 
eration dictates that the equipment to be re- 
paired or overhauled remain in one shop loca- 
tion until the work has been completed. The 
personnel and special tools necessary to do the 
work are moved to the equipment. Under a 
modified bay shop operation, machines per- 
forming the same or similar jobs are grouped 
together in sections, and the equipment to be 
repaired moves from one section to another at 
irregular time intervals until the work has been 
completed. Bay shop layouts normally are used 
for depot overhaul only when there are not 
enough like unserviceable items or production 
resources to permit the establishment of a pro- 
duction line. The lower portion of Fig. 10-3 
depicts a modified bay shop operation in which 
utility vehicles are being overhauled. 

The principal advantages of the bay shop 
type of operation are its flexibility and adapt- 
ability to changing conditions and demands. 
Bay shop operations generally require a large 
number of portable handtools. The machine 
tools used are commonly the general-purpose 
variety-including overhead cranes and material 
handling equipment. Changeovers from one type 
of equipment to another may be made ex- 
peditiously because there are few, if any, com- 
plex setups to tear down or to assemble and 
no production line to clear before other work 
can begin. In a bay shop operation, workers 
tend to become more versatile and, therefore, 
more flexible, because they handle a variety of 
jobs rather than a single operation or a group 
of similar operations, as is the case on a pro- 
duction line. Workers having the required skills 
and training generally are in higher wage 
brackets than are production line workers-a 
factor that may contribute to higher operational 
costs. 

70-3.2.4.3 Production Line Layout 

A production line process permits like 
items to flow in  a definite  sequence through 
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a number of designated overhaul stations. The 
production process begins with the disassembly 
of equipment, and it proceeds until complete 
reassembly has been accomplished. At each sta- 
tion on the production line, the same operation 
is performed on each item of equipment. The 
production line layout used in depot overhaul 
differs from the layout used for mass produc- 
tion line processes used in industry in that me- 
chanical conveyor systems, which move in- 
process items at fixed and continuous rates of 
speed along the production line, seldom are 
used. This difference is necessary in a depot 
shop because of the flexibility needed when the 
overhaul program changes constantly from one 
type of unserviceable item or requirement to 
another. The top portion of Fig. 10-3 illustrates 
a production line operation in which utility 
vehicles are overhauled. 

The chief advantage of the production line 
layout is the economy and efficiency with which 
large quantities of similar or identical un- 
serviceable items can be overhauled or rebuilt. 
Operations on a production line are laid out 
carefully in advance of production. The 
repetitive nature of the work at each station 
tends to increase the efficiency of the assigned 
worker and, thereby, to decrease the time nec- 
essary for each unit to move through the sta- 
tion. Moreover, because workers specialize in 
one type of operation, less general mechanical 
and technical skill is required than in a bay 
shop operation. Accordingly, a lower skill re- 
quirement makes it easier to recruit and train 
new workers. A second advantage of the pro- 
duction line layout is that it facilitates the han- 
dling and control of work in process by 
eliminating backtracking. If the line functions 
properly, work flows evenly between stations, 
and scheduling of work to subsequent stations 
becomes an automatic process. 

The chief disadvantage of the production 
line layout is its inflexibility. Setting up a line 
for overhaul is expensive. It generally requires 
more extensive facilities and machine tools than 
a bay shop, and detailed setups frequently are 
necessary. Setting up a complex line may take 
an extended period of time. Therefore, the quan- 
tity of unserviceable items to be rebuilt should 
be large enough to justify setup and tooling 
costs  incident to  production  line  operations. 

Although its production capabilities unquestion- 
ably are greater than is possible with a bay 
shop operation, the production line layout is 
adaptable only to long-range production sched- 
uling-not short-range. Before production can 
begin, a detailed standing operating procedure 
must be drawn up, setting forth the exact se- 
quence of operations and the per-unit time re- 
quired for operations at each station. In ad- 
dition, these detailed procedures assign the 
proper number of workers to each station so 
that approximately the same number of equip- 
ments can be processed at all stations within 
a given time period. The line itself then will 
be in balance with the planned production 
schedule. 

J 0-3.2.4.4  Functions and Luyout of Support 
Activities 

To have an effective overhaul layout, plan- 
ners must be certain that repair, reconditioning, 
and reclamation operations are performed at 
support sections or stations that are removed 
from the main production line or bay shop over- 
haul stations or areas. Each production mission 
requires varying degrees of support operations 
and different types of support facilities. Con- 
sideration as to the proper location of support 
operations and the varying trade skills involved 
in performing them enables the planners to co- 
ordinate varying demands from several sources, 
attain a required level of flexibility, and achieve 
economy in the overhaul operation. 

Separation of support operations from dis- 
assembly and assembly operations is necessary 
to achieve production efficiency. Fig. 10-3 il- 
lustrates typical locations for vehicle overhaul 
operations such as reclamation, sandblasting, 
preparation and painting, body and fender re- 
pair, upholstery, electrical, glass, and tank and 
radiator support. Support sections either may 
be fixed or portable. Fixed support sections gen- 
erally are set up to accommodate more than 
one line or bay shop operation. The workloads 
of these sections are balanced out with parts, 
components, and assemblies that are needed for 
current production. Fig. 10-4 depicts the layout 
of a typical fixed support activity for trans- 
mission overhaul. As in the case of a major 
end item overhaul line, the overhaul operations 
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are performed at various stations or, as in Fig. 
10-4, at planned bench stations. Figs. 10-5 
through 10-7 depict top-level depot work flows 
for missile system oriented items. 

70-3.2.4.5 Final Maintenance Processing 

The final steps of the maintenance flow 
are acceptance and verification. These functions 
are performed under the authority of the depot 
quality assurance division. For example, ar- 
mored vehicles are subjected to operation on 
a varied terrain test track, including watertight 
integrity testing, and a guidance section is test- 
ed on identical acceptance tooling as that used 
at the manufacturing facility to demonstrate 
acceptability to the Government. 

Following acceptance, the items are packed 
or prepared for storage and subsequently are 
returned to the depot supply division. The 
return to supply and reporting to the National 
Inventory Control Point conclude the mainte- 
nance cycle. 

10-4 MAINTENANCE FACILITY 
REQUIREMENT IDENTIFICATION AND 
ACQUISITION 

Maintenance facilities are an essential part 
of a materiel support subsystem. The para- 
graphs that follow describe how maintenance 
facility requirements are identified and how the 
facilities are acquired. 
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10-4.1   REQUIREMENT IDENTIFICATION 

The initial determination of materiel main- 
tenance facility requirements is made by main- 
tenance engineering during the conceptual 
phase. Due to the normal absence of detailed 
prime materiel design data, facility require- 
ments at this time normally are relatively con- 
ceptual and are based, in large part, on his- 
torical data and judgment. However, these re- 
quirements permit the initiation of planning 
and programming that must occur if the fa- 
cilities are to be available when required and 
provide life cycle costing information. 

As the materiel progresses through the ac- 
quisition phase, maintenance engineering 
analyses provide increasingly detailed facility 
requirements. This refinement process is very 
important. Most systems generate some main- 
tenance facility requirements that are unique 
(clean rooms, shielded rooms, isolated founda- 
tions, high bays, nonstandard door sizes, etc.). 

Maintenance engineering must define these and 
similar requirements in detail. It is not suffi- 
cient to state that a clean room is required; 
rather, the size of the room, sizes of the doors, 
airflow, permissible particle size, etc., must be 
specified. 

It is of particular importance that all fa- 
cility requirements be completely identified be- 
fore a construction contract is negotiated. A 
subsequent contractual change normally has an 
adverse impact on both cost and the scheduled 
beneficial occupancy date. 

Typical facility data that are developed 
through the maintenance engineering analysis 
process include: 

a. Facility Requirements. These data pro- 
vide a narrative description of the facility re- 
quirements based upon task descriptions, in- 
cluding the specified location and the quantity 
of facilities at each maintenance level. 
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b. Facility Design Criteria. These data in- 
clude the requirements for items to be installed 
within the facility, turning space, clean room, 
ventilation, etc. 

c. Facility Installation Lead Times. These 
data identify the lead times for contractors to 
produce and install support equipment. 

d. Type of Construction. These data 
present information pertinent to any special 
construction, such as shock, hardness, and spe- 
cial floor loads, and construction type if dif- 
ferent from the type normally provided. 

e. Utility Requirements. These data pro- 
vide a summary or estimate of the total con- 
nected load or gnms quantity of utilities re- 
quired, including hydraulic power and com- 
pressed gases. 

/ Facility 'utilization. These data provide 
the facility utilization rate. 

g. Facility Unit Cost. These data reflect on 
the differences between the unit cost and mil- 
itary construction pricing guide costs that may 
exist due to unusual utility requirements or oth- 
er special features. 

h. Justification. This is a narrative that 
explains the requirement for new facilities. 

/'. Facility Sketch. This is a rough sketch 
that usually is prepared to show the tentative 
floor plan and facility layout. 

10-4.2   FACILITY ACQUISITION (Ref. 8) 

After facility requirements are identified, 
it is necessary to secure Military Construction, 
Army (MCA) funds and, subsequently, to build 
the facility. The steps normally involved in this 
process are: 

a. At installation level, the functional 
proponent of the facility supplies the require- 
ments to a facility engineer who transcribes 
them onto DD Form 1391,' 

b. The Installation Commander convenes 
an annual Construction Requirement Review 
Committee (CRRC) that reviews MCA projects 
and establishes local priorities. The require- 
ments are submitted to the next higher head- 
quarters-for example, Hq. AMC. 

DD Form   1391    (Military Construction Project Data) 

c. AMC convenes a CRRC and establishes 
AMC installation priorities within funding lim- 
its established b;  the DA. 

d. AMC and other major commands submit 
their projects to the Office of the Chief of En- 
gineers. 

e. The DA convenes a CRRC, chaired by 
the Assistant Chief of Engineers, and estab- 
lishes Army installation priorities within fund- 
ing limits established by the Office of the Sec- 
retary of Defense (OSD). 

/ The fiscal year MCA Program is 
presented to the Army Budget Advisory Coun- 
cil. After acceptance, a joint OSD/Office of 
Management and Budget hearing is called to 
review the military construction program of 
each service. As a result of this hearing, OSD 
may delete or delay projects. 

g. After the DoD Program is firm, each 
service provides Congress with copies of ap- 
proved DD Forms 1391. Four House and Senate 
subcommittees hold hearings on the military 
construction program. These are the House and 
Senate Armed Services Subcommittees on Au- 
thorization and the House and Senate Armed 
Services Subcommittees on Appropriations. The 
program then is presented to the full Congress, 
where it is subject to further modification be- 
fore passage into law. 

h. MCA funds are appropriated to the Of- 
fice of the Chief of Engineers, and are con- 
trolled by DD Form 1391 project numbers. 
Funds cannot be transferred between projects. 

i. The District Engineer of the area in 
which the new facility is to be located manages 
the construction of the facility. He advertises 
for bids, awards contracts, provides an on-site 
resident engineer, disburses funds, etc. 

j. The user is permitted to move into the 
building when the district engineer considers 
that it is ready for occupancy. Contractors are 
required to correct discrepancies before they re- 
ceive final payment. 

The time required to accomplish the ac- 
tivities outlined in the foregoing steps is signifi- 
cant. Under normal circumstances, 4 to 5 yr 
will transpire between the initial identification 
of a facility requirement and the beneficial oc- 
cupancy date. This means that maintenance en- 
gineering must have reasonably firm facility re- 
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quirements established several years before the 
initiation of production of a weapon system that 
requires the facility. This lead time is required 
for the facility review, appropriation, and 
apportionment cycle and for construction. 

10-5 CAPITAL EQUIPMENT 

Capital (plant) equipment is defined as 
property of a capital nature, consisting of 
equipment, furniture, vehicles, machine tools, 
test equipment, and accessory and ancillary 
items, but excluding special tooling and special 
test equipment, used or capable of use in the 
manufacture of supplies or for any adminis- 
trative or general plant purpose (Ref. 6). 

The Army Materiel Command performs 
capital equipment management in accordance 
with the maintenance plant equipment pro- 
gram. This program is designed to project 
future equipment requirements, validate equip- 
ment needs, and define processing channels for 
equipment acquisitions. The intent of the pro- 
gram is to provide one integrated, 5-yr, AMC- 
wide depot maintenance plant equipment pro- 
gram which will (Ref. 7): 

a. Forecast valid maintenance plant equip- 
ment requirements 

b. Provide details for financial budgeting 

c. Support justification for equipment au- 
thorizations 

d. Project future needs for programming 
equipment acquisition 

e. Provide for advanced coordinated facil- 
ity planning 

./.' Preclude unnecessary duplication of 
maintenance plant equipment 

g. Establish modernization and stand- 
ardization procedures and reporting require- 
ments 

h. Allocate available dollar resources ac- 
cording to AMC-wide priorities 

i. Combine with the depot maintenance 
program, scheduling, workloading, and report- 
ing system 

j. Interface with the installation equip- 
ment management program and the Army au- 
thorization documentation system. 

In the conceptual phase of materiel devel- 
opment, the definition of capital equipment to 
support new materiel usually is limited to a 
top-level analysis of the general requirements 
at all maintenance levels to ascertain the need 
for standard, new, or unique types of capital 
equipment resulting from the peculiarities of 
the design, materials, processes, etc. During the 
development phase, these requirements are de- 
fined further to facilitate the planning, sched- 
uling, and procurement, if required, of these 
items. The plant equipment is identified in the 
depot maintenance data bank to provide the Di- 
rector of Maintenance with total visibility of 
equipment projections. The integration of the 
total plant equipment program is depicted in 
Fig. 10-8. 
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Figure 10-8.   Capital Equipment-Integration and Responsibilities 

The USAMC Maintenance Management 
Center proyides operational support to the Di- 
rector for Maintenance, Headquarters, AMC, in 
the planning and execution of Army-wide depot 
materiel maintenance and the maintenance sup- 
port  services  program.   One  function  of the 
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Figure 10-9.   Capital Equipment-Identification, Recommendation, and Planning 

center involves modernization and stand- 
ardization of depot maintenance facilities, in- 
dustrial plant equipment, and production 
methods and processes. The interface related to 
the maintenance capital equipment identifica- 
tion, recommendations, and planning is depicted 
in Fig. 10-9. 

A brief description of how a depot- 
originated requirement for capital equipment 
becomes part of a continuing AMC 5-yr capital 
equipment program is described in the para- 
graphs that follow. 

The request is forwarded to the Mainte- 
nance Management Center. The center deter- 
mines that the item is classed properly as main- 
tenance plant equipment, assures that justifi- 
cation is adequate, and determines the respon- 
sible activities or agencies that require coor- 
dination. Following preliminary coordination, 
the package is forwarded to the National Main- 
tenance Point of the workloading commodity 
command for review and determination that the 
item is required to support the workload iden- 
tified in the supporting documents. If the 
item/class manager is located at the work- 
loading commodity command, action is taken 
by that command to send the requirement to 
the Major Item Data Agency. When the 
item/class manager is located at a supporting 
command, the request is documented by the Na- 
tional Maintenance Point and forwarded to the 
supporting command for class manager review 
and  input to the Major Item Data Agency. 

When maintenance plant equipment require- 
ments are originated by project managers, Na- 
tional Maintenance Points, etc., the same 
processing flow is followed for input to the Ma- 
jor Item Data Agency. 

In all cases, the activity that originates 
a requirement for maintenance plant equipment 
forwards a copy to the Maintenance Manage- 
ment Center. Maintenance plant equipment re- 
quirements contained in the budget year and 
first out year require detailed justification 
which is adequate to substantiate funding and 
table of distribution and allowance author- 
ization. The second through fourth out year re- 
quirements should be considered firm when en- 
tered, but do not require the detailed justifi- 
cation. As the second out year becomes the first 
out year, the Maintenance Management Center 
then will require adequate justification by the 
originator if the requirement is to remain in 
the program. 

The 5-yr maintenance plant equipment 
program is reviewed by the Depot Maintenance 
Plant Equipment Management Council each 
year to provide a coordinated effort within the 
Army Materiel Command Maintenance Agency 
to approve the budget year requirements in 
detail and to obtain general approval of the out 
years. The results of this review permit the 
Maintenance Management Center to coordinate 
the approved plan with all interested activities 
and permit the Major Item Data Agency to cite 
funds, as required, during the execution year. 
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CHAPTER 11 
MANAGEMENT AND CONTROL 

This chapter discusses the basic steps cf 
maintenance management as they apply to 
maintenance engineering activities, maintenance 
management control during system devel- 
opment, and maintenance engineering control cf 
production maintenance. The maintenance man- 
agement organizational interfaces between ele- 
ments cf the Office cf the secretary cf Defense 
and elements cf the Department cf the Army 
are addressed. The tools and techniques appli- 
cable to the management cf maintenance en- 
gineering activities are described. 

11-1   INTRODUCTION 

Maintenance management is the function 
of providing policy guidance for maintenance 
activities, and of exercising technical and man- 
agement control of maintenance programs. The 
overall maintenance management function in- 
cludes the management of equipment mainte- 
nance, maintenance engineering, and mainte- 
nance production (Ref. 1). 

Maintenance management of Army hard- 
ware begins at the highest national policy level 
of Government—the Executive Branch—where 
force structures and budgets are formulated. At 
the Department of Defense level, the Secretary 
of Defense is advised and assisted by the As- 
sistant Secretary of Defense for Installations 
and Logistics. At this level, policies, directives, 
and regulations for maintenance form the basis 
for Army guidance within the overall Depart- 
ment of Defense logistic function. At the 
Department of the Army level, the Secretary 
of the Army exercises direction and control of 
materiel management and maintenance through 
the Assistant Secretary of the Army for In- 
stallations and Logistics whose office is con- 
cerned directly with Army maintenance. This 
office, in conjunction with the Deputy Chief of 
Staff, Logistics, is responsible primarily for 
overall Army maintenance management. It is 
at this level that the specific concept of man- 
agement and' specific control of Army materiel 
originate. 

The Army Maintenance Management Sys- 
tem (TAMMS) is responsive to the needs of both 
field commanders and national  level manage- 

ment requirements. It is a standardized and yet 
dynamic system. Standardization is necessary 
in the interests of the accuracy and efficiency 
that result from a common understanding of 
management goals and principles, which, 
fortunately, change very slowly. Dynamicism is 
necessary to meet constantly changing, detailed 
materiel support requirements that change with 
relative rapidity. Table 11-1 shows basic main- 
tenance management functions that are per- 
formed by the Department of the Army and 
subordinate Army organizations that are en- 
gaged in maintenance management and/or 
maintenance operations. 

TAMMS includes provisions for automated 
forecasting, distribution, scheduling, and pro- 
duction control of maintenance workloads com- 
mensurate with requirements and resources of 
major Army commands. It also features col- 
lection of necessary data to determine materiel 
maintenance costs in a way that permits ex- 
tension of the basic concepts and principles of 
cost accounting and production reporting to 
maintenance facilities below the depot level. 
Also, provisions are made for maintaining vis- 
ibility of the progress and costs associated with 
modification programs applicable to weapon 
systems and major end items. 

Equally important, the system provides for 
the collection of equipment performance and 
maintenance performance data on primary (i.e., 
mission essential) weapon systems and end 
items to facilitate: 

a. Developing failure patterns and repair 
factors 

b. Monitoring the materiel readiness con- 
ditions of organizations and commands 

c. Forecasting requirements for materiel 
and maintenance resources 

d. Assessing the efficiency and effec- 
tiveness of maintenance operations. 

In conjunction with data collection, stand- 
ard forms and formats-are prescribed for the 
collection, transmission, and display of infor- 
mation needed in the management of materiel 
maintenance. 
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TABLE 11-1.  MAINTENANCE MANAGEMENT FUNCTIONS (Ref. 2) 
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Department of the Army X X X 

Major Army command/ 
USAMC 

X X X X X 

Subordinate command X X X X 

Depot X X X X X 

General support X X X X X 

Intermediate support X X X X X 

Direct support X X X X X 

Organizational X X X X X 

TAMMS is oriented toward and emphasizes 
weapons and equipment as systems as opposed 
to commodity groupings of homogeneous items. 
It is developed on a modular basis to permit 
accommodation to various force structures and 
allocations of functions, and is designed to 
eliminate duplicative requirements for data col- 
lection. Further, it makes maximum use, 
especially at the higher management levels, of 
computer plotting techniques to produce sim- 
plified display type outputs that immediately 
pinpoint problem areas requiring management 
attention. The system uses exception reporting 
to the maximum extent practical, with periodic 
or summary reports held to the minimum, and 
provides data to determine or contribute to the 
determination of the effectiveness of integrated 
logistic support planning with regard to the per- 
formance of new materiel after it enters the 
operational inventory. 

Data are an essential ingredient of any 
management system. Fig. 11-1 shows the 
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several maintenance management levels and the 
flow of data among them. Essential data are 
provided to the Department of the Army for 
validation of maintenance policies, program re- 
quirements, standards, and priorities; measure- 
ment of the operational readiness status of 
Army materiel; assessment of the 
maintainability and reliability of weapon sys- 
tems and equipment end items; and evaluation 
of maintenance resource expenditures and the 
effectiveness of the maintenance function (Ref. 
2). 

The other management levels include na- 
tional wholesale management, maintenance pro- 
gram management, maintenance program op- 
erations management, and maintenance oper- 
ations. A brief description of the management 
functions follows (Ref. 2): 

a. National wholesale management. Con- 
cerned primarily with the validation, assess- 
ment, and measurement of the effectiveness of 
maintenance engineering and support and the 
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control of life cycle management, product im- 
provement, and configuration control. 

b. Maintenance program management. 
Concerned with developing command mainte- 
nance programs, providing policy direction, 
determining resource requirements, 
suballocating funds, and assessing maintenance 
accomplishment in terms of materiel readiness 
and costs through a command reporting pro- 
gram and analysis of reports. This function gen- 
erally is performed at the major Army com- 
mand level. 

c. Maintenance program operations man- 
agement. Concerned with production planning 
of maintenance requirements and the control 
of workload and performance in maintenance 
activities within the command. It is that func- 
tion of management which provides detailed 
program guidance and direction to operating 
elements and maintains control over workload, 
accomplishment, expenditure of resources, and 
reporting requirements. This function of man- 
agement is performed by activities of organi- 
zations assigned by the major Army command- 
er. 

d. Maintenance operations. Responsible for 
the day-to-day accomplishment of maintenance 
in compliance with program direction and guid- 
ance received from maintenance program op- 
erations management functions. Maintenance 
operations include all categories of mainte- 
nance. Program status reports originating at 
this level reflect performance and costs appli- 
cable to weapon systems and equipment end 
items. ' • 

As illustrated in Fig. 11-1, information 
flows from the Department of the Army, 
through successive maintenance management 
levels, to the equipment owner (user), and from 
the user back to the top. Additionally, there 
is a separate channel for the user to report 
materiel readiness and usage data. This data 
flow provides an efficient and orderly method 
by which each management level can extract 
and insert appropriate information into a 
closed-loop system. 

Materiel provided to the Army is becoming 
increasingly more complex. This is due primari- 
ly to technological advances and scientific 
breakthroughs of our modern industrial com- 
plex. Problems relative to managing and con- 

trolling maintenance of the sophisticated equip- 
ment have increased in direct proportion to the 
increase in complexity. Maintenance engineer- 
ing management can play a significant role in 
controlling support costs and enhancing equip- 
ment operational readiness, since the inputs 
from maintenance engineering analyses define 
or limit many of the support parametars in the 
form of standards and requirements. 

Maintenance engineering analysis is the 
single analytical logistic effort within the sys- 
tem engineering process and. is iterative 
throughout the acquisition program. Key inputs 
to this process, early in program phases, can 
have considerable influence on design and, 
hence, support characteristics of the emerging 
hardware design. 

11-2 BASIC STEPS OF MAINTENANCE 
MANAGEMENT 

The key to effective maintenance engineer- 
ing activities is the application of a systematic 
and orderly management process to achieve: 

a. Earlier consideration of support require- 
ments in design and development of new 
materiel 

b. Improved maintenance support and re- 
duced skill requirements 

c. Improved correlation, traceability, and 
integration of data elements related to support 

d. Better definition and expression of work 
requirements associated with planning and de- 
velopment of support, and more timely and ade- 
quate support available for materiel during 
tests and at time of initial issue. 

There are several basic steps involved in 
the maintenance management process that spe- 
cifically aid in achieving the foregoing main- 
tenance engineering objectives. These steps are 
delineated in Fig. 11-2 and described in the sub- 
paragraphs that follow. The steps are iterative, 
and many are performed concurrently. There- 
fore, no significance should be attached to the 
sequence of the depicted activities. 

11-2.1   ESTABLISH AND IMPLEMENT 
MAINTENANCE POLICIES(Ref. 3) 

The first step in the maintenance man- 
agement process is the establishment and 
implementation of maintenance policies. 
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Figure II -2.   Basic Steps oi Maintenance Management in Relation to Maintenance Engineering 

11-2.1.1   Policy Establishment 

The Army maintenance policies are de- 
rived from and are in consonance with decisions 
made at the highest levels of Government. The 
President, as the Chief Executive of the United 
States and Commander in Chief of the Armed 
Forces, is the focal point of the Federal Gov- 
ernment organization. As such, the President 
is responsible for directing the affairs of the 
Executive Branch of the Government and ex- 
ecuting the laws enacted by Congress. Decisions 
made by the President concerning force levels, 
weapon systems, oversea deployments, budget 
ceilings, and similar policy matters ultimately 
affect the extent and the nature of Army main- 
tenance support required over any given period. 

The National Security Council assists the 
President of the United States in determining 
national security policies. The President is 
Chairman of the Council. Other members are 
the Vice President, the Secretary of State, the 
Secretary of Defense, and the Director of the 
Office of Emergency Planning. The Council 
assesses and appraises objectives, commitments, 
and risks of the United States in relation to 
the actual and potential military power and 
considerations of national security. National 
Security Council policy decisions ultimately af- 
fect the amount and nature of Army mainte- 
nance support required for any given period. 
Fig. 11-3 shows the policy-making organiza- 
tional levels between the President and ele- 
ments of the Department of the Army. 
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The Congress provides both the statutory 
framework within which the Army logistic sys- 
tem must function and the appropriations nec- 
essary for its operation. Hearings held by con- 
gressional committees often address mainte- 
nance management issues such as overhaul 
backlogs, industrial funding of depots and 
maintenance shops, and procurement of repair 
parts. Congressional hearings may lead to 
revisions of appropriations included in the Pres- 
idential budget or to legislation affecting the 
operations of the Defense establishment. 

The Bureau of the Budget assists the Pres- 
ident in preparing the budget and formulating 
the fiscal program. In addition, this agency 
supervises the administration of the budget, and 
keeps the President informed of the progress 
of funding actions. The Bureau also recom- 
mends adjustments to the proposed budget and 
to fund allotments to executive agencies after 
appropriations have been passed by the Con- 
gress. Funds included in the review performed 
by the Bureau of the Budget are the Army 
Appropriation (Operation and Maintenance) 
Fund, the Army Stock Fund, and the Army 
Industrial Fund. Together, these and others 
form the financial base for Army maintenance 
operations that implement long-range service 
maintenance policies. 

11-2.1.2  Policy Implementation (Ref. 3) 

Once long-range service maintenance pol- 
icies have been established at the executive lev- 
el, they must be implemented by the Depart- 
ment of Defense. The Department of Defense 
includes the Office of the Secretary of Defense 
and the Joint Chiefs of Staff, the several mil- 
itary departments and the military services 
within those departments, the unified and spec- 
ified commands, and such other agencies as the 
Secretary of Defense establishes to meet spe- 
cific requirements. Fig. 11-4 depicts the com- 
position of this department. The Secretary of 
Defense exercises direction and control over 
Army logistic policies, including maintenance 
and maintenance management, through the As- 
sistant Secretary of Defense for Installations 
and Logistics. The latter, in turn, is advised 
and  assisted,  specifically  in the maintenance 

area, by the Deputy Assistant Secretary for 
Supply Maintenance and Services. Departmen- 
tal policies and directives emanating from the 
Office of the Assistant Secretary of Defense for 
Installations and Logistics establish the basis 
for Army policies, directives, and regulations 
for maintenance within the overall logistic func- 
tion. In addition, the Office of the Assistant 
Secretary of Defense for Installations and 
Logistics is responsible for the general mon- 
itorship of maintenance planning and program- 
ming, and the surveillance of maintenance sys- 
tems and system performances. 

The Assistant Secretary of Defense (Comp- 
troller) supervises the preparation of the 
Department of Defense program and budget 
estimates and the preparation of proposed op- 
erating programs. As principal adviser to the 
Secretary of Defense in budgeting and fiscal 
matters, he recommends policies and procedures 
involving accounting, auditing, statistical re- 
porting, and the use of working capital funds 
within the Department of Defense complex. 

The Director of Defense for Research and 
Engineering is the adviser to the Secretary of 
Defense on scientific and technical matters; 
basic and applied research; development, test, 
and evaluation of weapons, weapon systems, 
and defense materiel; and design and engineer- 
ing for determining item suitability, produc- 
ibility, reliability, maintainability, and materiel 
conservation. He supervises all research and en- 
gineering in the Department of Defense. 

The Joint Chiefs of Staff are the principal 
military advisers to the Secretary of Defense 
and to the President. The Joint Chiefs of Staff 
exercise strategic and operational direction of 
the unified commands and as such are respon- 
sible for the preparation of strategic plans for 
directing the military forces. Joint logistic plans 
are prepared by the Joint Staff of the Joint 
Chiefs of Staff, and logistic responsibilities are 
assigned to the military departments in accord- 
ance with approved plans. These plans form the 
basis of the Army plans for force levels, 
materiel, and facilities. In this manner, the ac- 
tions of the Joint Chiefs of Staff influence 
Army maihtenance planning. 
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The Army's organization for maintenance 
management is depicted in Fig. 11-5. The 
Department of the Army includes the Office 
of the Secretary of the Army, the Army Gen- 
eral Staff, the Reserve Components, and all ma- 
jor Army field commands, installations, activ- 
ities, and functions under the control or su- 
pervision of the Secretary of the Army. 

The Secretary of the Army is responsible 
for all functions necessary or appropriate for 
training, operation, administration, logistic sup- 
port and maintenance, welfare, preparedness, 
and effectiveness of the Army, including re- 
search and development. The Secretary of the 
Army   exercises   direction   and   control  of 

AMCP 706-132 

materiel management and maintenance through 
the Assistant Secretary of the Army for In- 
stallations and Logistics. This latter official is 
concerned directly with Army maintenance. 
However, he does not exercise direct command 
over installation and logistic operations. His 
primary responsibilities are to supervise mat- 
ters pertaining to the formulation, execution, 
and review of policies, plans, and programs in 
the installation and logistic area. The Secretary 
of the Army further is counseled and supported 
by the Assistant Secretary of the Army (Finan- 
cial Management) and the Assistant Secretary 
of the Army (Research, Development, and Ac- 
quisition) in matters pertaining to their respec- 
tive areas. 
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Under direction of the Chief of Staff, the 
Army General Staff advises and assists the Sec- 
retary of the Army, the Under Secretary of the 
Army, and the Assistant Secretaries of the 
Army in developing and promulgating broad 
basic policies for the Department of the Army. 
The Army General Staff also assists the Chief 
of Staff in preparing and issuing directives and 
programs to implement his plans and policies. 
In addition, the General Staff supervises the 
implementation and execution of these direc- 
tives and programs. 

The key organizational element within the 
Army associated with maintenance manage- 
ment is the Office, Deputy Chief of Staff for 
Logistics. The Deputy Chief of Staff for 
Logistics formulates and executes Army logistic 
policies. The Chief of Staff has assigned to the 
Deputy Chief of Staff for Logistics general staff 
responsibility for the management of all 
Department of the Army logistic activities. Spe- 
cifically, the Deputy Chief for Logistics is re- 
sponsible for: 

a. Developing and supervising the Army 
logistic organization and system, including pol- 
icies, doctrine, and standards 

b. Performing logistic planning in support 
of United States and allied Army forces includ- 
ed in combined, joint, or Army operational and 
strategic plans, to include the logistic aspects 
of worldwide operational readiness of United 
States forces and materiel and the logistic posi- 
tion on Department of the Army force struc- 
tures and force objectives 

c. Managing materiel and sup- 
plies—including the determination of require- 
ments—and devising plans, policies, and pro- 
grams for the support of materiel systems from 
the completion of production validation through 
the disposal of the item 

d. Planning and programming pro- 
curement and production requirements in the 
materiel acquisition process, and performing re- 
quired surveillance during the procurement, 
production, delivery, and disposal phases of 
materiel life cycle management 

e. Approving logistic plans, policies, and 
programs for military construction, family 
housing, real property management, and oper- 

ation  and  maintenance   of Army  facilities, 
worldwide 

./.' Accomplishing the management 
analyses required for stock funding, industrial 
funding, and inventory accounting systems for 
logistic management purposes 

g. Supervising the Army logistic support 
operations of activities involved in international 
logistics, to include military sales, grant aid, 
and cooperative logistic programs 

h. Supervising the Army interservice sup- 
ply operations 

i. Supervising assigned logistic areas of 
the Army portion of the 5-yr defense program, 
corresponding areas in mobilization program 
documents, and installation stationing planning 

j. Formulating, justifying, and supervising 
those portions of Army programs and budgets 
which pertain to the maintenance logistic area, 
within the overall guidance and policy devel- 
oped by the Office, Assistant Vice Chief of 
Staff, and the functional guidance and policy 
developed by the Comptroller of the Army. 

Table 11-2 summarizes the key organiza- 
tional proponents for maintenance actions at 
the national, Department of Defense, and Army 
levels. 

11-2.2 ANALYZE MATERIEL 

A vital step in the maintenance manage- 
ment process is to identify the principal sup- 
port/design interactions associated with a hard- 
ware program. Interactions between logistic 
support and design engineering activities are 
many, varied, and continuing—particularly in 
the early phases of a materiel acquisition pro- 
gram. Logistic feasibility studies should be 
made concurrently and should be correlated 
closely with technical feasibility studies. A con- 
tinuous dialogue should be maintained between 
maintenance engineering and design engineer- 
ing elements as an inherent part of system de- 
velopment. This relationship maximizes possi- 
bilities for early identification of problems, thus 
forcing design versus support trade-off decisions 
before the design is finalized. Maintenance en- 
gineering efforts during the early phases of the 
acquisition program are of special importance. 
During this period, materiel design and support 
design can be optimized with minimum cost and 
schedule impact. This is shown in Fig. 11-6. 
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TABLE 11-2.  ORGANIZATIONAL PROPONENTS FOR MAINTENANCE ACTIONS ( Ref. 3) 

Maintenance Actions Responsible Proponents 

Develop national security policies 

Appropriations 

Apportionments 

Budgeting and financial management mat- 
ters 

Logistic and maintenance policies 

Materiel development (Army) 

Personnel training and assignment 

General staff responsibility for materiel 
maintenance 

CONUS wholesale maintenance activities 

Worldwide depot maintenance program 

Oversea depot maintenance operations 

Direct support, intermediate support, and 
general support operations 

Organizational maintenance 

President; National Security Council; 
Department of Defense 

Congress 

Bureau of the Budget 

Assistant Secretary of Defense (Comptrol- 
ler); Assistant Secretary of the Army 
(Financial Management); HQ DA (Comptrol- 
ler) 

Assistant Secretary of Defense (I&L); As- 
sistant Secretary of the Army (I&L); HQ 
DA (DCS for Logistics) 

Assistant Secretary of the Army (R&D); HQ 
DA (DCS for Research, Development, and 
Acquisition, DCS for Operations and Plans, 
DCS for Logistics, and DCS for Personnel); 
U.S. Army Materiel Command; U.S. Army 
Communications Command 

HQ DA (DCS for Personnel, DCS for Re- 
search, Development, and Acquisition, and 
DCS for Operations and Plans); U.S. Army 
Materiel Command; U.S. Army Training 
and Doctrine Command 

HQ DA (DCS for Logistics) 

HQ USAMC; USA Communications Com- 
mand; U.S. Army Security Agency 

HQ USAMC; U.S. Army Communications 
Command; U.S. Army Security Agency (for 
items under their cognizance) 

Army Component Commands of Unified 
Commands 

CONUS Army Commanders; Communica- 
tions Command; Installation Commanders; 
Army Component Commands of Unified 
Commands 

Unit commanders 
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Figure \l-6.   Operational and Support Design Considerations fRef. 4) 

Efficient management of Army materiel 
maintenance depends to a great extent on the 
thoroughness of the upstream maintenance en- 
gineering analyses. These are systematic, com- 
prehensive analyses, including the projected 
service support environment of the materiel, 
and they should be conducted on an iterative 
basis throughout the acquisition cycle. These 
analyses should be the single analytical logistic 
effort within the system engineering process, 
and should be responsive to acquisition program 
schedules and milestones. They are a composite 
of systematic actions taken to identify, define, 
analyze, quantify, and process logistic support 
requirements. The analyses evolve as the de- 
velopment program progresses. The number and 
type of iterative analyses vary according to the 
program schedule and the complexity of the 
materiel. As the analyses evolve, records should 

be maintained to provide the basis for logistic 
constraints, identification of design deficiencies, 
and identification and development of essential 
logistic support resources. 

11-2.3   DEVELOP LOGISTIC SUPPORT OBJECTIVES 

Qualitative and quantitative logistic sup- 
port objectives, developed as a result of a com- 
prehensive maintenance engineering analysis 
process (see par. 5-1.1), provide baseline data 
for maintenance management of maintenance 
engineering activities. An effective maintenance 
management system is one that causes these 
data to be updated periodically and insures that 
materiel and support subsystem design is in- 
fluenced to satisfy implicit and explicit require- 
ments established by the data. 

Logistic support objectives are established 
initially during the conceptual phase, and are 
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based on operational requirements and histor- 
ical data. All subsequent maintenance engineer- 
ing planning provides for refinement and at- 
tainment of the objectives. Management sched- 
ules require that the objectives be refined and 
converted into maintenance and support param- 
eters, and, subsequently, that the parameters 
be incorporated into materiel and support sub- 
system designs that are validated by tests. 

11-2.4   USE LOGISTIC MODELS 

An inherent part of an equipment main- 
tenance management program is proper treat- 
ment of logistic support modeling. The impact 
of support alternatives upon systemlequipment 
life cycle cost, availability, equipment and man- 
power loading, and stocking of parts should be 
predicted and evaluated by use of the modeling 
techniques appropriate to the program. The 
logistic model(s) should be compatible with but 
should not duplicate other system engineering 
models. Specific models and procedures should 
be identified or provided by the procuring ac- 
tivity whenever possible. 

A model is a representation of a system 
or function. In support modeling, the concern 
normally is with mathematical models, wherein 
mathematical relationships are used to repre- 
sent equipment utilization, failures, mainte- 
nance activities, etc. (Ref. 12). Mathematical 
models are categorized as either analytical or 
simulation models. Analytical models use exact 
relationships between the variables under con- 
sideration. Simulation models permit the vari- 
ables to operate on the system in a random 
manner. For example, in an analytical model, 
mean values such as mean time between fail- 
ures and mean time to repair are used. In a 
simulation model, distributions of failure rates 
and repair times are used, and values from the 
distributions are applied randomly to simulated 
operations. 

Analytical and simulation models normally 
will not give precisely the same solution to a 
problem. This is to be expected, since the 
analytical model is deterministic and the sim- 
ulation model is probabilistic. The analytical 
model provides average results that should oc- 
cur over a very long period of time. The sim- 
ulation model provides a series of short-term 
results  (i.e.,  daily or weekly) that  may vary 

significantly from the average results but, tak- 
en as a group over a long period of time, will 
provide an average value approximating that 
of the analytical model. Assuming the avail- 
ability of appropriate input data, simulation 
models provide an excellent method for 
determining mean values and for validating 
means that have been determined by some other 
method and for all types of support analyses. 

It is important to select or design the right 
model for the analytical work to be accom- 
plished. Some factors to be considered are the 
number of variables involved in the problem, 
the decree of availability of accurate data per- 
taining to the variables, and the use of general- 
purpose versus custom models. 

The decision concerning the scale of the 
model (number of variables) to be used is pos- 
sibly the one decision with the most far- 
reaching effect on the support modeling effort. 
If a large-scale model is selected, the potential 
benefits should outweigh the additional cost of 
data collection and data processing. Conversely, 
if a low-scale model is chosen, care must be 
exercised to prevent the omission of highly 
significant data elements from consideration. 
The model scale normally should provide for 
future as well as current requirements. There- 
fore, if future requirements exist for a large- 
scale model, selection of models with capacities 
difficult or expensive to expand should be avoid- 
ed. 

The choice between using a general- 
purpose or a custom model depends on the data 
elements to be considered. When an existing 
general-purpose model adequately considers the 
pertinent data elements, its use may effect a 
significant savings in programming and learn- 
ing costs. However, if critical data are not con- 
sidered or if the application is too remotely re- 
lated to the general-purpose model, a custom 
model should be developed to use the available 
data more efficiently. Sensitivity analysis may 
be performed with any of the models to assist 
the modeler in deciding whether or not the in- 
clusion of certain data elements or the accuracy 
of the data will have a significant effect on 
the results of the model application. 

The major outputs of mathematical models 
are data for comparison of alternative solutions 
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to a problem. Small-scale models can be de- 
signed with optimizing features to arrive at the 
single best solution. When the models become 
more complex, as in large-scale simulation mod- 
els, and the number of variables is large, the 
practicality of self-optimization diminishes. 
Typical outputs of the mathematical models 
used in logistic support studies include such 
data as availability, operational readiness, re- 
pair part usage, man-hour requirements, and 
system costs. 

Basic data required by typical support 
models include information relating to failure 
rates, utilization, repair times, repair policy, 
location of repair actions, supply policy, and 
costs. 

As an aid to the Army logistic community, 
the U S Army Maintenance Management 
Center publishes a Support Model Reference 
List which is updated semiannually. Current 
support models/techniques in use throughout 
the Department of the Army are listed in Table 
11-3. This table also provides general informa- 
tion on the support areas considered by the 
models, and the program languages in which 
computerized models are written. The latest list 
always should be consulted for a suitable model 
prior to initiating development of new models 
to assist in accomplishing logistic support 
analyses. 

11 -2.5   DEVELOPMAINTENANCEENGINEERING 
ANALYSIS DATA 

Maintenance engineering management 
must maintain extensive data records through- 
out the hardware acquisition cycle to support 
maintenance management objectives. The 
primary source of the data is the iterative 
analyses conducted as a part of overall main- 
tenance engineering activities. These analyses 
provide outputs that determine logistic support 
requirements. These outputs also are a source 
of logistic data that are applied to the system 
design effort in the form of design recommen- 
dations for improving maintainability and sup- 
portability, and provide data to risk analyses, 
effectiveness studies, and system trade-off stud- 
ies. 

Analyses devoted to logistic support re- 
quirements provide qualitative and quantitative 
data used for provisioning,  maintenance plan- 

ning, facility design, technical publications, sup- 
port subsystem engineering, personnel and 
training plans, and the packaging, handling, 
storage, and transportation program. More spe- 
cifically, analysis output documentation iden- 
tifies and describes support and test equipment; 
facility requirements; personnel required by 
skill, type, and number; repair parts; and quan- 
tification of maintenance and operational sup- 
port needs. 

Maintenance management must be con- 
cerned with the timely identification and avail- 
ability of data from maintenance engineering 
analysis. These are required in order to impact 
the design requirements effectively, provide a 
basis for timely development of support 
resources, and insure the availability of the to- 
tal support resources (technical data, facilities, 
support and test equipment, etc.) with the op- 
erational materiel. Maintenance management, 
therefore, must insure that within the posture 
of the materiel acquisition cycle, the mainte- 
nance engineering analysis tasks are scheduled 
to insure prompt development of support 
resource data and requirements in relation to 
the design schedule and program data avail- 
ability. Maintenance management, in relation 
to the maintenance engineering effort, should 
insure that formal program reviews are sched- 
uled for the review of the maintenance engi- 
neering analysis data, and that development of 
the total maintenance resource technical data 
package has been scheduled realistically in rela- 
tion to the materiel development schedule. 

11-2.6   UPDATE MAINTENANCE ENGINEERING 
ANALYSIS DATA 

Maintenance engineering analysis data 
continuously must reflect the current materiel 
design and support requirements compatible 
with the design. The requirements for change 
are derived from a variety of sources. Some 
typical events that generate requirements for 
data updating are design changes, support sub- 
system changes, more intensive analyses, test 
and evaluation results, and initial provisioning 
results. 

11-2.7  SELECT SUPPORT AND TEST EQUIPMENT 

Maintenance engineering determination of 
Support and test equipment requirements im- 
pacts  maintenance management.   Emphasis 
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TABLE 11-3. LIST OF SUPPORT MODELS/TECHNIQUES (Ref. 5) 
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Achieved Availability FORTRAN IV X X X 

ALPHA 4140.39 Simulator FORTRAN IV X X 

AN/TSQ-73 Life Cycle 
Simulation 

FORTRAN IV X X X X X 

Armored Reconnaissance Scout 
Vehicle Support Phase 
Cost Model 

FORTRAN X X X X X X X X X 

Army Depot Repair and 
Overhaul Simulation Model 

SIMSCRIPT 
1.5 

X X X X X 

Army Depot Transportation 
Simulation Model 

SIMSCRIPT 
1.5 

X X X X X X X 

Army Direct Support/General 
Support Simulation Model 

SIMSCRIPT 
1.5 

X X X X X X X X X 

Army Organizational Mainte- 
nance Simulation Model 

SIMSCRIPT 
1.5 

X X X X X X X X X 

Automated Maintenance Factor 
Determination Technique 

CONVERSA- 
TIONAL 
FORTRAN 

X X 

Cost Analysis of Maintenance 
Policies Model 

FORTRAN IV X X X X X X X X X X X X 

Depot Capability Evaluation 
Technique 

FORTRAN IV X X 

Depot Capacity Analysis               F0RTRAI\ IV 
Program                             i     and COBOL 

X X 

*See footnote at end of table. 
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Determination of the Optimum 
Replacement Time for a 
System Composed of N Inde- 
pendent Failing Subsystems 

FORTRAN IV X X X 

Determination of Transient 
Availability Under Dependent 
Failures or Finite Replace- 
ment Times 

FORTRAN IV X X X X 

Economic Evaluation of Main- 
tenance Support Alternatives 

FORTRAN IV X X X X X X X 

Engineering Change Cost 
Benefit Evaluation 
Procedure 

BASIC X X X X X 

FAMECE Integrated Logistic 
Evaluation Simulation Model 

GPSS X X X X X X X X X 

FAMECE Integrated Logistic 
Support Analytic Models 

FORTRAN IV X X X X X 

Fleet Management System 
Model 

FORTRAN IV 
and COBOL 

X X X X X X X X X 

Forecast of Schedule/Cost 
Status Utilizing Cost Per- 
formance Reports of the 
Cost/Schedule Control 
System 

FORTRAN IV X 

Generalized Electronic 
Maintenance Model 

FORTRAN IV X X X X X X X X X X X X 

5See footnote at end of table. 
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TABLE 11-3. LIST CF SUPPORT MODELS/TECHNIQUES (Ref. 5) (Cont'd) 
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Life Cycle Analysis Program FORTRAN 
and COBOL 

X X X X X X X X X X X X 

Logistic Cost Analysis Model FORTRAN IV X X X X X X X X X X X X 

Models of the Army Worldwide 
Logistic System 

FORTRAN IV 
and GASP 

X X X X X X X X X X X X 

Modified Computerized Relative 
Allocation of Facilities 
Technique 

FORTRAN IV 
and 
ASSEMBLY 

X X 

Overhaul Facility Simulator BASIC X X X X X X X 

Replacement Unit Repair 
Level Analysis Model 

FORTRAN IV X X X X X X X X X 

Simulation and Gaming Methods 
for Analysis of Logistics 

COBOL and 
FORTRAN IV 

X X X X X X X X X 

System Availability Model 
for Communications 

FORTRAN IV 
and COBOL 

X X X X 

System Analysis Repair 
Cost Model 

Not 
applicable 

X X X X X X 

Techniques for Determining 
Optimal Operational Readiness 
Float 

FORTRAN IV X X X X X 

Techniques for Determining 
Repair Cycle Float 

Not 
applicable 

X X X X 

Overhaul Simulation Model FORTRAN IV X X X X X 

* An X  indicates that the support area is 
calculations. 

considered  explicitly  either through   required  input data or model 
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should be placed on this activity, since an in- 
complete or inadequate investigation or analysis 
can lead to unnecessary expenditures in devel- 
opment and support funds. TMDE should be 
selected that will satisfy operational require- 
ments at lowest life cycle costs. Two basic ac- 
tions that will assist in accomplishing this goal 
are to avoid unnecessary devlopment of TMDE 
and to select TMDE that has minimal support 
requirements. 

Careful screening of specifications for 
existing inventory equipment is necessary to in- 
sure maximum use of in-service assets and 
elimination of duplicate development of similar 
items of TMDE for different system appli- 
cations. The Army has issued a test, measure- 
ment, and diagnostic equipment register index 
(Ref. 6). The purpose of the index and the com- 
panion register is to provide Army development, 
procurement, maintenance, and user activities 
with test, measurement, and diagnostic equip- 
ment (TMDE) technical item descriptions for 
use in determining which proposed or existing 
TMDE can be applied to the TMDE require- 
ments of new equipment programs. Details of 
the contents of the index and register are con- 
tained in par. 9-1.2.3.2. TMDE considerations 
with regard to support requirements are dis- 
cussed in par. 9-2.5.3. 

11-2.8  IDENTIFY TRANSPORTATION AND 
HANDLING REQUIREMENTS 

Another facet of maintenance engineering 
that plays a role in maintenance management 
is the generation of transportation and handling 
requirements. Identification of these require- 
ments results from the analyses conducted by 
maintenance engineers throughout the materiel 
life cycle. The transportation analysis variables 
can be categorized into two broad types: hard- 
ware and transportation. Included in the first 
type are hardware size, weight, cost, demand 
rate, maintenance concept, criticality, etc. The 
transportation variables include mode (i.e., air, 
rail, water), freight cost, shipping times, 
pilferage factors, etc. 

Discard-at-failure  items   move   one 
way-from manufacturer to  user;  repairable 
'items move two ways-from source to user and 
back to some point of repair. Accordingly, the 
benefits  to be gained from  optimizing  trans- 

portation requirements normally are greater for 
a repairable item than for a disposable item. 

In general, most hardware needs are 
fulfilled in a peacetime environment. This en- 
vironment is conducive to a relatively smooth 
and coordinated effort in transporting materiel 
from origin to point of use. However, the 
wartime environment, when speedy materiel 
distribution must be obtained with less than 
ideal transportation systems, is the other factor 
to be addressed in the transportation analysis. 
This includes considerations such as packaging, 
handling, marking, storage, pipeline length, in- 
ventory quantities, and transportation system 
reaction time. All these factors are integrated 
into a transportation plan that serves the nor- 
mal peacetime requirements and has the inher- 
ent ability for rapid and smooth transition to 
meet wartime requirements. 

11-2.9   DEVELOP TECHNICAL DATA 

In general technical data comprise audio 
and visual presentations of data required to 
guide personnel in performing operation and 
support tasks. Because maintenance operations 
cannot be performed without these data, the 
data are of critical interest to maintenance 
management. 

Some of the most common categories of 
technical data are operating and maintenance 
manuals, modification instructions, provisioning 
and facility information, and calibration pro- 
cedures. The development of all of this docu- 
mentation (and other types) depends upon main- 
tenance engineering activities. The maintenance 
concept and maintenance level assignments, 
task analyses, repair level analyses, etc., accom- 
plished by maintenance engineering generate 
the raw data that are required to prepare tech- 
nical data, and concurrently define the range 
and depth of the technical data that are re- 
quired. 

Maintenance engineers should monitor the 
equipment technical data plan and make rec- 
ommendations when applicable. This plan 
presents a systematic process for developing the 
technical data necessary to operate, maintain, 
modify, supply, repair, and overhaul materiel. 
The plan is included in the plan for logistic 
support to assure that the technical data are 
ready for use when the end item initially is 
issued to the user. 
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1 1-2.10 IDENTIFY FACILITY REQUIREMENTS 

Another basic step in the maintenance 
management process is the analyses of facility 
requirements by maintenance engineering per- 
sonnel. These analyses identify the facilities re- 
quired to support the materiel throughout sys- 
tem testing, training, operations, and mainte- 
nance. Preliminary information developed dur- 
ing the conceptual phase is refined until con- 
tractual commitments must be made. Facility 
considerations include requirements for mobile, 
portable, and air transportable vans, mobile 
maintenance facilities, shops, training facilities, 
supply storage, and bulk storage containers, as 
operational, maintenance, and support concepts 
dictate. Changes and improvements in materiel 
design are reflected in facility requirements 
when appropriate. Realistic scheduling makes 
optimum use of facilities and at the same time 
permits timely performance of maintenance 
functions. Facility recommendations include fa- 
cility identification and description, facility de- 
sign criteria, facility costs, and lead time. This 
area of maintenance engineering activities 
should be monitored carefully, since it can have 
a major program cost impact. 

11-2.11   IMPLEMENT PERSONNELAND TRAINING 
PROGRAM 

As a result of maintenance engineering 
analysis, recommendations are made regarding 
the personnel, training, and training material 
required for the support of the sys- 
tem/equipment. Coordination is maintained 
with cognizant design activities so that appli- 
cable design changes are reflected in the per- 
sonnel and training plan. Analysis provides 
identification of the requirements for trained 
operator, support, and instructor personnel. Per- 
sonnel and training data resulting from main- 
tenance engineering activities include personnel 
quantities needed, skill levels, skill specialties, 
training requirements, training facilities, and 
training materials. 

One of the key elements of the mainte- 
nance management function is insuring that the 
maintenance support program and the total 
technical data package are developed and avail- 
able in a timely, adequate, and cost-effective 
manner to support the operational hardware. 
As such, maintenance management should in- 
sure that an adequate personnel and training 

program has been established for the transfer 
of knowledge required for operation and main- 
tenance of the materiel from the developer to 
the military user. This management function 
should insure interface between responsible or- 
ganizations, establishment of qualitative and 
quantitative personnel requirement information, 
development and implementation of new- 
equipment training courses, and conduct of a 
study on training aids and devices, as appli- 
cable. The effectiveness of the program depends 
on the implementation of training in an ade- 
quate time frame prior to materiel deployment 
to insure that required personnel are trained 
in operation and maintenance of the fielded 
materiel. 

1 1-2.12  REVIEW HISTORICAL DATA (Ref. 7) 

Historical data review is part of the main- 
tenance management process. Historical data, 
when carefully examined, provide invaluable in- 
formation about the maintenance requirements 
and support characteristics of new materiel be- 
ing developed if the data are from items similar 
to those currently under development. Analysis 
of past experience pinpoints features that have 
or have not worked on existing items and: 

a. Discloses major downtime contributors 

b. Indicates high failure rate items 

c. Identifies design features that benefit 
support 

d. Identifies prime contributors to high 
cost 

e. Indicates maintenance man-hour re- 
quirements 

/ Helps identify trouble spots 

g. Provides parameters for simulation 
models. 

These data establish a baseline of values 
with which to compare a new development. This 
baseline may indicate areas that require a new 
design approach or a departure from traditional 
maintenance concepts. The data also may dis- 
close trends in the maintenance concepts or 
support subsystems which are being applied to 
other new items. 

Foremost in importance for a successful 
historical data review is access to valid ex- 
perience data. These data sources have been 
identified in par. 8-1.1. Other important sources 
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are industrial data, field data, test data, and 
a range of data from the Navy and Air Force. 

11-2.13  PERFORM COST ANALYSIS 

Selection of cost factors and the subse- 
quent cost analyses that are made after a cost 
factor survey are important steps in the main- 
tenance management process. A detailed dis- 
cussion of cost factors and cost modeling is con- 
tained in par. 8-5. A brief description of the 
cost analysis data requirements and expected 
results is included here to illustrate the inter- 
face of cost in the maintenance management 
of Army materiel. 

Cost analysis is a tool for estimating the 
economic impact of proposed courses of action. 
It is an analytical process used to estimate the 
cost of development, procurement, operation, 
and maintenance of equipment. These costs can 
be measured in terms of manpower, equipment, 
facilities, and supplies, as well as in dollars. 
Cost analysis can improve the management and 
allocation of Army resources and assist in eval- 
uating program alternatives. 

Cost estimating relationships are developed 
from the historical data review. The data in- 
clude cost, as well as characteristics-such as 
size, weight, speed, complexity, reliability, and 
maintainability-that are pertinent to the item 
under consideration. 

Statistical techniques such as linear 
regression and multiple regression analysis (see 
par. 6-4) can be used to develop complex rela- 
tionships. Frequently, it is desirable to limit 
the number of characteristics being considered 
in the cost estimating relationship in order to 
prevent the solution from becoming overly com- 
plex and because the influence of the pre- 
dominant characteristics overshadows the in- 
fluence of many minor attributes. Also, the in- 
fluence of the cost-related characteristics tends 
to change as the item moves through the pre- 
production, production, and operational phases 
of the equipment life cycle. Therefore, separate 
cost estimating relationships usually are desir- 
able for each of these phases. 

One of the greatest problems encountered 
in cost analysis is obtaining sufficient and ac- 
curate data. The basic data compiled to support 
the requirements of the cost analysis should 
be  collected  in  sufficient quantity to  provide 

significant sample sizes of the various system 
characteristics and cost parameters being stud- 
ied. Every effort should be made to acquire 
sufficient data from actual surveillance of sys- 
tems in an operational environment. If, how- 
ever, adequate data of this type are not avail- 
able, it may be necessary to resort to various 
estimating techniques. The data should be ob- 
tained from an operational environment corre- 
sponding as closely as possible to the probable 
operating environment of the item under con- 
sideration. Many of the factors affecting the 
cost of developing, procuring, operating, and 
maintaining an item are dynamic. Therefore, 
timely collection of input data is required if 
the cost analysis is to depict current conditions 
in the system. 

The data associated with cost analysis are 
as follows: standard cost factors relating to 
transportation, facility space, consumable 
resources, inventory maintenance, support 
equipment maintenance, provisioning, disposal, 
maintenance data, discount rate, and escalation; 
item costs relating to personnel cost per man- 
hour, repair part acquisition, consumable ac- 
quisition, support equipment and tool acquisi- 
tion, and documentation; and total costs 
relating to repair parts, maintenance personnel, 
operator personnel, training, training equip- 
ment, support equipment acquisition and main- 
tenance, facilities, and transportation and han- 
dling. 

11 -2.14   ESTABUSH TIME FACTORS 

Time factors play a role in maintenance 
management. These factors must be developed 
by maintenance engineering throughout the de- 
velopment cycle in the form of time analyses. 
Time analyses of maintenance are the basis for 
determining: 

a. System downtime as an influence on 
system 'effectiveness 

6. Maintenance man-hour requirements as 
a means of measuring the logistic burden caus- 
ed by the item 

c. Maintenance time standards for main- 
tenance planning and measurement of personnel 
performance. 

Examples of some types of functions that 
are time critical are functions, such as system 
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checkout or inspections, which affect system re- 
action time; functions, such as fueling, serv- 
icing, or system configuration changes to meet 
a different mission assignment, which affect 
mission turnaround time; and functions, such 
as corrective maintenance, which affect avail- 
ability. These analyses yield time constraints 
on performance and design requirements for 
trade-off decisions. They also play an important 
role in determining whether automatic or man- 
ual methods are required to perform the func- 
tion. 

The analysis also must address the logistic 
and other delay times in the mainte- 
nance/repair cycle. Such delay times are more 
a function of the maintenance and supply en- 
vironment than equipment design. Some of 
these delay times have a direct effect upon sys- 
tem effectiveness. The time required to obtain 
an item and prepare for a maintenance action 
is an example. This downtime adversely affects 
system availability, which, in turn, adversely 
affects system effectiveness (par. 6-5.1). 

11-2.15   USE LIFE CYCLE COST MODELS 

Maintenance management, as it applies to 
maintenance engineering responsibilities, in- 
cludes the development and use of life cycle 
cost models to aid in the decision process. This 
step, although discussed last, will occur when- 
ever the need is identified for a life cycle cost 
analysis. This subject is addressed in pars. 8-5 
and 11-2.4. The primary points to reiterate are 
that life cycle costs are playing a greater role 
in the system selection process and that several 
types of general-purpose cost models are avail- 
able to the maintenance engineer (see Table 
11-3). In order to avoid duplication of effort 
and unnecessary expenditure of funds, the 
maintenance engineer should review previously 
developed models for applicability to his needs. 
Model selection criteria described in par. 11-2.4 
for logistic models apply to life cycle cost mod- 
els. 

1 1-3 MAISTTENANCE MANAGEMENT 
CONTROL DURIMG SYSTEM 
DE\£LOPMBSn~ 

Maintenance management control during 
logistic support development includes approval 
of decisions regarding maintenance concepts, 
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management by means of planning documents, 
use of historical data and cost analysis in the 
decision process, assessment of contract com- 
pliance, in-process reviews, and type classifica- 
tion actions. 

11-3.1   INTEGRATED LOGISTIC SUPPORT CONCEPT 
(Ref. 4) 

The development of logistic support for 
hardware acquisition requires the same in- 
tensive management and control as the hard- 
ware design process requires. Present-day prac- 
tice is to plan for and manage the support 
aspect of the acquisition as part of an overall 
integrated logistic support approach. An under- 
standing of the integrated logistic support con- 
cept and its basic objectives will aid the main- 
tenance engineer in management and control 
of activities that impact the evolving support 
subsystem. 

The integrated logistic support concept en- 
visions the definition, optimization, and in- 
tegration of support by systematic planning, 
implementation, and management of logistic 
support resources throughout the system life 
cycle. The concept is realized through the prop- 
er integration of logistic support elements and 
resources with each other and through the ap- 
plication of logistic considerations to the 
decisions made on the design of the hardware 
system and equipment as a part of the system 
engineering process. 

Organizations directly responsible for the 
operation of military systems and equipments 
realize that support problems are a limiting fac- 
tor on the operational availability of materiel. 
Effort is expended in the design and the support 
planning to develop ways to increase mean time 
between failures, decrease periodic mainte- 
nance, and reduce maintenance downtime. Op- 
erational commanders monitor the statistics on 
those items of equipment which are not oper- 
ationally ready because of maintenance or sup- 
ply problems. They recognize the importance of 
having adequately trained personnel to operate 
the equipment properly and to maintain it effi- 
ciently in order to reduce the number and fre- 
quency of failures and to reduce the adverse 
effect of such failures and maintenance, time 
on operational readiness. In addition, they re- 
alize the importance of adequate facilities and 
support equipment to maintain the operational 
readiness of their equipment. 
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The integrated logistic support concept 
must be applied throughout the acquisition cy- 
cle to insure that systems are designed to meet 
operational requirements economically. System- 
atic consideration of the solution to the prob- 
lems of support must begin in the conceptual 
phase and continue thereafter. The lack of time- 
ly and systematic planning will adversely affect 
operational availability and .cost of ownership. 

Under the integrated logistic support con- 
cept, the importance of trading off operational 
and support requirements from the earliest 
phases of the life of a system has been rec- 
ognized. As DoD Directive 4100.35 states: "Over 
the life cycle of a system, support represents 
a major portion of the total cost, and is some- 
times the principal cost item." (See Ref. 8.) By 
integration of logistic considerations into the 
conceptual planning and through the entire de- 
sign and development process, either support 
costs during the operation may be significantly 
reduced, or operational availability of the sys- 
tem may be increased without a significant in- 
crease in cost. In addition to integrating sup- 
port planning into the entire design and de- 
velopment process, it is also fundamental to the 
integrated logistic support concept that logistic 
support resources must be integrated with each 
other into a total support subsystem. When re- 
quirements for a support resource category are 
changed or a change is proposed, the effect on 
all other support resources and on the total sys- 
tem must be considered formally and necessary 
adjustments made. 

In applying the concept of integrated 
logistic support to a systemlequipment acquisi- 
tion, it is important to maintain a proper per- 
spective and bear in mind that logistic support 
is not an end in itself, but exists only to support 
the operation of the system/equipment to which 
it is related. The support problem will vary ac- 
cording to the complexity and value of the sys- 
tem/equipment. Planning for support must be 
tailored to each acquisition individually—major 
acquisitions, less-than-major acquisitions, off- 
the-shelf items, and modification programs. 

It is necessary also to bear in mind that 
in any acquisition which includes development, 
two entirely different types of effort are in- 
volved: first is the conceptual and broad plan- 
ning stage, and second is the period from full- 
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scale development through final disposition, in 
which the actions contemplated in the first 
stage are refined and implemented. Just as sup- 
port planning must be tailored to the type of 
acquisition, it also must be tailored to the time 
phasing of the acquisition process. 

The first part of the logistic problem in 
a system acquisition cycle is to establish basic 
characteristics which will enable the oper- 
ational requirements to be achieved economic- 
ally. Management must keep the operational 
mission clearly in view during the early stages, 
and should carefully define and schedule the 
efforts that must be accomplished prior to full- 
scale development. Once the basic logistic sys- 
tem characteristics are formulated, they must 
be stated to the design engineer in a "design 
to" or "design constraint" fashion. When re- 
quirements are stated in this format, they may 
be used in analytical and trade-off studies. In 
the development of logistic support concepts 
and early planning for support, management 
must assure that logistic and design personnel 
work together in an atmosphere of maximum 
cooperation and liaison. Thus, the integrated 
logistic support concept function must be iden- 
tified closely as an integral part of the total 
system engineering process. 

The logistic effort in the early stages must 
be confined to development and formulation of 
inclusive but broad logistic plans and support 
characteristics. The result should be a "road- 
map" of the specific steps to be taken, when 
they are to be taken, and the extent of detail 
as the development progresses and the design 
matures. The detailed planning and preparation 
of detailed data packages must be deferred until 
the configuration of the hardware has been rea- 
sonably stabilized. Detailed support planning, 
which is accomplished prior to the estab- 
lishment of the basic configuration and is de- 
pendent on that configuration, almost certainly 
will require extensive rework to become valid 
and usable. 

Integrated logistic support planning re- 
quires considerable management attention. Con- 
ceptual planning for integrated logistic support 
is accomplished initially by the Government for 
each acquisition. Subsequently, for major 
materiel acquisition programs, the plan is ex- 
panded progressively and updated by joint Gov- 
ernment/contractor efforts in phase with major 
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program events. The function of the plan for 
logistic support is to identify the actions to be 
accomplished, assign responsibilities, and estab- 
lish milestones. It accounts for the interaction 
of events and activities; provides for Govern- 
ment/contractor management and review pol- 
icies; establishes logistic support management 
information reporting requirements; and pro- 
vides for the definition, integration, and subse- 
quent acquisition of support resources. Initial 
planning must be sufficient to establish the 
scope of integrated logistic support activities for 
the initial phase of the acquisition process, and 
generally is limited to the consideration of spe- 
cial problems. During each phase, the level of 
detail in integrated logistic support planning 
must be sufficient to provide support for equip- 
ment that is deployed or used during that 
phase. It must establish the scope and depth 
of activities to be accomplished in the suc- 
ceeding phase and should make provisions for 
an orderly transition to the succeeding phase. 
Careful attention must be given to lead time 
requirements and to integrated logistic support 
activities that are prerequisites to the accom- 
plishment of other activities; e.g., the mainte- 
nance concept should be established before the 
support and test equipment is designated. 

Integrated logistic support planning reach- 
es operational maturity during the produc- 
tion/deployment phase, and implementation is 
accomplished by the procurement or activation 
of support resources in accordance with the 
schedule requirements. It is essential that the 
activation and implementation schedule permit 
systematic definition and contractual coverage 
of the scope and depth of support resources in 
a time frame that will permit their acquisition. 

To organize effectively for the application 
of integrated logistic support, it must be rec- 
ognized that integration of the logistic consid- 
erations into the hardware system being ac- 
quired requires analytical and developmental 
logistic activity phased with the prime equip- 
ment analytical and development activity. This 
requirement dictates a project organization that 
facilitates the concurrent accomplishment of 
the two developmental activities. 

11-3.2   DETAILED SUPPORT PLANNING 

The Army's maintenance management task 
is  complex.   Support must   be  planned   and 

provided to a broad range of materiel types, 
with a diversity of deployment locations and 
missions. Management control is complicated by 
distances involved and inherent limitations in 
communication channels through which a feed- 
back of vital experience and performance data 
must be retrieved, evaluated, and acted upon. 

Some of the key goals of support planning 
are to: 

a. Assure the readiness of the Army's pri- 
ority combat equipment 

b. Give combat support that will result in 
maximum combat effectiveness 

c. Organize effort in support of combat 
force needs 

d. Assure economy of effort. 

The objectives of support planning, from 
a maintenance management standpoint, include 
the reduction of support requirements and costs 
to a level consistent with operational readiness 
requirements. This objective cannot be met by 
routine observation of support needs. Its attain- 
ment requires systematic evaluation of materiel 
design and support characteristics as a part of 
the system engineering process by technically 
qualified specialists. This involves the iterative 
assessment of the impact the design will have 
on specific technical and support requirements. 
The effectiveness of such an assessment and 
its influence on design are dependent on the 
meaningful application of management and con- 
trol techniques during all phases of acquisition. 

Support planning requires a close and 
dynamic working relationship between system 
engineering and detailed design and mainte- 
nance engineering personnel. It involves repeat- 
ed review and refinement of emerging support 
characteristics and their probable impact on de- 
sign requirements, including operational read- 
iness performance characteristics. Support per- 
formance descriptors, in the form of main- 
tainability and reliability characteristics and 
projected support requirements, provide a basis 
on which design of the support subsystem can 
be defined and support planning can be accom- 
plished in terms of assigned tasks and needs. 
Key characteristics of the support subsystem 
should be expressed in terms of quantitative 
values reflecting a measure of system avail- 
ability, utilization, downtime, turnaround, crew 
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requirements, maintenance man-hours per op- 
erating hour, defined constraints, etc., as ap- 
propriate to the equipment type and intended 
use. The performance of the support subsystem 
under development then can be evaluated in 
terms of finite measurements. 

The basic support planning document is 
a plan for logistic support which is a part of 
a materiel development plan (see par. 2-2.3.2). 
The plan for logistic support is designed to iden- 
tify, schedule, and control all the actions re- 
quired to provide timely and economical support 
of materiel. It is comprised of three top-level 
plans: schedule of logistic support planning; 
basis for logistic support planning; and ele- 
ments of logistic support. Within the elements 
of logistic support are a maintenance plan and 
plans pertaining to: 

a. Support and test equipment 

b. Supply support 

c. Transportation and handling 

d. Technical data 

e. Facilities 

/  Personnel and training 

g.  Logistic support resource funds 

h. Logistic support management informa- 
tion. 

The bases for the foregoing plans are es- 
tablished in the conceptual phase, and the plans 
are continuously updated until each is imple- 
mented. The economy and effectiveness of the 
support subsystem are derived directly from the 
maintenance engineering analysis documents on 
which these plans are based and refined, and 
from the management control exercised during 
their implementation. These documents control 
the expenditure of far more defense funds than 
the research, development, procurement, and 
production funds associated with the materiel 
for which the support is planned. Moreover, the 
documents, in large part, control the effec- 
tiveness that can be achieved by the deployed 
materiel. In view of these facts, the importance 
assigned to maintaining a high degree of ex- 
cellence in the management and accom- 
plishment of support planning cannot be over- 
emphasized. 

11 -3.3   COST ANALYSIS (Ref. 9) 

The use of cost analyses as an inherent 
part of the maintenance engineering process 
can exert considerable influence on the decision- 
making process as it affects maintenance. As 
noted in Chapter 8, cost analyses are not an 
end unto themselves; they are inputs that assist 
management or technical decision-makers to 
make the right decision concerning resources. 
The techniques used to conduct cost analyses 
are many and vary in complexity. Some of these 
are oriented primarily toward determination of 
system life cycle costs. 

Lower level cost analyses can assist main- 
tenance engineering management make 
decisions relative to details of design through- 
out a program life cycle. Three basic categories 
of costs are significant to these detailed 
analyses. They are: 

a. Initial Costs. These are the costs asso- 
ciated with introducing materiel into the Army 
inventory. These costs include: 

(1) Research and development 
(2) Industrial   (procurement and  pro- 

duction) 
(3) Supply and maintenance 
(4) New technical data 
(5) New part number cataloging 
(6) Training  of instructors  and unit 

personnel 
(7) New  tools,  facilities,  and test 

equipment. 
b. Phase-in Costs. These are the costs as- 

sociated with support of new equipments 
currently being phased into the Army in- 
ventory, and support of old equipments until 
required densities of new equipment are at- 
tained. 

c. Recurring Costs. These are the costs as- 
sociated with support of an item once its ex- 
pected density is reached. These costs include: 

(1) Holding inventory 
(2) Ordering 
(3) Replenishment 
(4) Technical data 
(5) Training of replacement personnel 
(6) Tools, test equipment, and facility 

upkeep 
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(7) Maintenance  labor and  mainte- 
nance overhead. 

These cost factors are considered in the 
overall determination of the design and support 
subsystem concepts. Through analytical pro- 
cesses, areas requiring improvement-such as 
design, repair part stockage, training, mainte- 
nance techniques, and other support-related pa- 
rameters—may be identified and optimized in 
terms of design/support cost-effectiveness. 

11-3.4   HISTORICAL FIELD DATA (Ref. 3) 

Historical field data are among the most 
significant inputs to maintenance engineering 
management during system development. These 
data are accumulated through many sources. 
They have commonality, however, in the fact 
that they relate past experience to the logistic 
support requirements of a new acquisition. 
Primarily, historical field data encompass sup- 
ply, maintenance, and operational information 
from existing systems. Typical sources are 
Army maintenance management data, other 
military services, contractors, Army commodity 
commands, and Army staff offices such as the 
Office of the Army Comptroller. 

Typical input documents are maintenance 
and operating reports, technical reports, combat 
records, and field exercise reports. These docu- 
ments can yield such technical data as sub- 
systems or components that have a potential 
for high failure rates, major downtime contrib- 
utors, and design features that may cause 
degradation of the logistic support system. Ad- 
ditionally, they yield nontechnical data in the 
form of gross requirements for logistic support 
resources such as manpower, equipment, trans- 
portation, and facilities. 

Although the bulk of historical field data 
is service-generated, valuable data are also ac- 
cumulated by contractors. This is true partic- 
ularly during contractor test programs. The fol- 
lowing examples of contractor record-keeping 
responsibilities were extracted from an in- 
tegrated support plan for an Army air defense 
weapon system entering the advanced devel- 
opment phase: 

a. Failure Reporting. Contract mainte- 
nance personnel will report equipment failures 
in accordance with the provisions of the product 

assurance test, demonstration, and evaluation 
plan. Trouble and failure reports will be 
returned through the failure reporting and cor- 
rective action system  to update MTBF and 
MTTR predictions and other data stored in the 
maintenance data system. 

b. Supply Information. Reporting of repair 
material usage will be in accordance with the 
requirements of the repair part and support 
plan, which calls for weekly reports of repair 
part usage to be forwarded to the Provisioning 
Section to update applicable repair part in- 
ventory lists. Discrepancies and/or omissions in 
the repair part lists will be documented and 
reported. 

c. Historical Records. Historical records 
will be kept in the test logs described in the 
reliability test, demonstration, and evaluation 
plan and the supply and maintenance report, 
which is an output of the automated inventory 
control system. Briefly, test logs will be main- 
tained on all equipments to include those used 
for maintenance support. These logs will pro- 
vide a historical record of equipment utilization 
and maintenance. The supply and maintenance 
reports will list supply and maintenance trans- 
actions against each contract end item, in- 
cluding field maintenance test equipment. 

Historical field data related to cost also 
are available to the maintenance engineering 
manager for use in trade-offs and cost-of- 
ownership analyses that are required during 
system development. The Army has made con- 
siderable progress in recent years toward col- 
lecting the data that reflect real-world histor- 
ical operation and maintenance costs. These 
costs are available in documents issued by the 
Office of the Army Comptroller and the Army 
Field Operating Cost Agency (Ref. 10). 

Finally, historical field data are included 
in The Army Maintenance Management System. 
These records are in the form of maintenance 
and operating reports and equipment logs. To 
the maintenance engineering manager who may 
be planning support for new materiel, these his- 
torical records point out the equipment that has 
required the greatest maintenance effort, there- 
by alerting planners to this fact when generic 
designs are involved. 
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11-3.5   CONTRACT COMPLIANCE THROUGH 
MAINTENANCE EVALUATION 

Maintenance evaluation is the total main- 
tenance engineering process of analysis, dem- 
onstration, test? and other activities used to es- 
tablish and satisfy materiel support require- 
ments. One maintenance evaluation activity is 
to insure that all program maintenance-related 
efforts'are in compliance with the contract. 

Contracting trends indicate increasing em- 
phasis and awareness, on the part of procure- 
ment activities, of the role maintenance engi- 
neering plays in major system acquisitions. In 
recent years, procurement of equipment has 
been based on life cycle cost, which includes 
not only the acquisition cost, but the operation 
and maintenance cost during the service life 
of the equipment. This fact was brought about 
by the realization that operation and mainte- 
nance cost was a major contributor to the total 
life cycle cost. As a result, present-day con- 
tracts  normally  require   an  evaluation  of the 

maintenance characteristics of the equipment, 
either through test, demonstration, or the 
analysis process. 

The maintenance characteristics to be eval- 
uated derive from quantitative and qualitative 
requirements incorporated in the system and 
end item specifications. These detailed require- 
ments reflect the broader requirements that 
were established initially by the required op- 
erational capability document. 

Table 11-4 is an extract from an equipment 
specification for a complex transportable 
ground power station associated with a field 
artillery missile system. The specification illus- 
trates a partial listing of the detailed quan- 
titative and qualitative maintenance require- 
ments for the item, and defines the mainte- 
nance levels and percentage of maintenance to 
be performed at each level, the quantity of per- 
sonnel for preventive maintenance, and the spe- 
cial test and evaluation requirements. 

TABLE 11 -4.  MAINTENANCE-RELATED PORTIONS OF SPECIFICATION FOR 
ARMY FIELD ARTILLERY MISSILESYSTEM GROUND POWERSTATION 

3.1.2.2 Maintenance requirements. 

3.1.2.2.1 Maintainability The item shall be designed and fabricated for ease and 
economy in all maintenance functions in accordance with AR 705-50 and AMCP 706-134. 
Maintainability of design shall be implemented in accordance with MIL-STD-470. Main- 
tainability as used herein is defined qualitatively as the characteristic of design and 
installation that makes it possible to operate with a minimum total expenditure of main- 
tenance effort where scheduled or unscheduled maintenance is performed in accordance 
with prescribed procedures and resources. 

3.1.2.2.2Maintenance times and repair cycles. Maintenance and repair cycles for 
the item shall consist of preventive and corrective maintenance as defined in MILSTD-721 
and shall be as follows: 

3.1.2.2.2.1 Preventive maintenance. The item design shall be such that all tasks can 
be accomplished by two organizational maintenance personnel and contact team personnel. 
The following are the preventive maintenance cycles and active time requirements. 

(a) Daily preventive inspection shall be accomplished in 0.5 hr. 
(b) One hundred hour preventive maintenance inspection shall be accomplished 

in 3.15 hr in addition to 8.3 hr by contact team personnel. 
(c) The monthly preventive maintenance inspection shall be accomplished in 0.7 

hr. 
(d) The  quarterly preventive  maintenance  inspection  shall be  accomplished in 

5.1 hr (includes 100 hr and 50 hr inspections which are applicable). 
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TABLE 11-4.  MAINTENANCE-RELATED PORTIONS OF SPECIFICATION FOR 
ARMY FIELD ARTILLERY MISSILE SYSTEMGROUND POWER STATION (Cont'd) 

(e) The semiannual preventive maintenance inspection shall be accomplished in 
1.0 hr by contact team personnel (not including quarterly inspection which 
is applicable at this time). 

3.1.2.2.2.2 Corrective maintenance. The Mean Corrective Maintenance Time Mct re- 
quirement of the item is expressed by overall Mcf and site restoration Mct. The overall 
Mct of the item shall not exceed 3.8 hr, which includes all field and site corrective 
maintenance. Site restoration Mct shall not exceed 1.0 hr to include a maximum of 72 
percent item replacement. 

3.1.2.2.2.3 Categories of maintenance. Categories of maintenance for the item shall 
be as defined in AR 750-1. 

3.1.2.2.2.4Zeve/ of diagnosis. The item design shall be such that it complies with 
the following requirement: 

(a) Site level: 28 percent of all item failures shall be correctable on site. 
(b) Rear level: All item failures shall be correctable at rear area. 

3.1.2.2.3 Service and access. Service and access design requirements for the item 
shall be as follows: 

3.1.2.2.3.1 Electrical. 

(a) Access provisions shall be provided for connecting electrical power to the 
gas turbine engine analyzer. Two analyzer cables are lugged terminals. 

(b) With the item mounted on the M656 vehicle, the batteries shall be mounted 
such that they can be extended and retracted for maintenance while electrical- 
ly connected. Mounting shall be such that they can be removed and replaced 
within 0.75 hr. 

3.1.2.2.3.2 Conditioned air. 

(a) Accessibility to the water separator shall be adequate through a hinged access 
opening to disassemble and replace the water separator filter bag. 

(b) The air purification unit in the pneumatic system shall be mounted such 
that it is capable of full extension and retraction without any disconnecting. 

3.1.2.2.3.4 Gas turbine engine. The engine to gearbox drive design shall be such 
to permit engine removal without removing the gearbox assembly. 

3.1.2.2.3.5 Enclosure. 

(a) The enclosure top shall contain hoisting provisions for both the top and 
the complete item. 

(b) The enclosure top shall be secured with quick-release captive hardware. 

3.1.2.2.3.6 Tools. The power station shall be capable of being maintained at the 
organizational and field levels of maintenance with the use of only standard mechanical 
hand tools. Standard tools are defined as tools available in the Federal Supply System. 

3.3.7 Interchangeability and replaceability. Each assembly, subassembly, or piece part 
which is subject to replacement at any maintenance level shall be an interchangeable 
item. Interchangeable items are items having the same manufacturer's or Federal stock 
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TABLE 11 -4.  MAINTENANCE-RELATED PORTIONS OF SPECIFICATION FOR 
ARMY FIELD ARTILLERY MISSILESYSTEMGROUNDPOWER STATION (Cont'd) 

number which, without selection, may be substituted for one another, and, without ad- 
justment or modification to the substituted item or to the equipment into which it is 
substituted, shall provide the same physical and functional characteristics required of 
the original items. 

3.3.11.2 Storage Zife. The item shall be designed for a maximum practical storage 
life, but not less than those times specified as follows: 

(a) Under cover with controlled humidity and temperature conditions for 4 yr. 
(b) Under covered field storage with no environmental control for lyr. 
(c) No maintenance during storage shall be required nor shall servicing be re- 

quired, other than servicing the batteries, upon depreservation of the equip- 
ment and returning it to active use. Replacement of O-rings, seals, and grease- 
packed bearings will be accomplished prior to placing the power station into 
service after storage, as specified in ANA Bulletin 438. 

4. TEST AND EVALUATION 

4.1 Test/verification. Except as otherwise provided in 4.2, formal verification of per- 
formance and design of the item shall be demonstrated by satisfactorily completing the 
following test/verification functions: 

(a) Engineering test and evaluation 4.1.1 
(b) Qualification inspection 4.1.2 
(c) Reliability verification 4.1.3 
(d) Maintainability tests and analyses 4.1.4 
(e) Engineering critical component 4.1.5 

qualification 
(f) Visual examination and performance 4.1.6 

test. 
* * * * * * * 

4.5 Rejection. Unless otherwise specified, the following shall constitute cause for 
rejection of the item: 

(a) Failure to meet all requirements specified herein 
(b) Failure to perform as required in any of the tests in accordance with the 

quality assurance provisions specified herein 
(c) Deterioration resulting from testing in accordance with the quality assurance 

provisions specified herein which make the item unsuitable for its intended 
use. 
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The maintenance engineer, during the total 
evaluation process and through interface with 
other functional groups, must insure that the 
maintenance concept, maintenance support 
resources, and hardware design selected will in- 
sure the attainment of the quantitative and 
qualitative specification requirements. To insure 
this attainment, the maintenance engineer 
should be an integral participant in devel- 
opment of quantitative specification require- 
ments such as mean time to repair, as well 
as qualitative requirements related to inter- 
changeability, standardization, tool and test 
equipment, and other maintenance-related fac- 
tors. 

Conducting the maintenance analysis 
throughout the system acquisition cycle will in- 
sure timely evaluation and identification of 
problem areas, and correction of design or 
maintenance support deficiencies. The results of 
the other test and evaluation activities are used, 
as applicable, by the maintenance engineer to 
aid in the maintenance evaluation process for 
contract compliance. 

Noncompliance with contract requirements 
must be identified and corrected early in the 
development phase. As a general rule, the 
further the design has progressed, the more 
costly and more difficult are the design 
changes. As delineated in the specification ex- 
ample (Table 11-4), failure to meet the main- 
tenance requirements may be cause for rejec- 
tion of the item. A determination of noncom- 
pliance may result in redesign, retest, waiver, 
or total rejection of the item, depending on the 
degree and severity of the noncompliance. 

Maintenance engineering activity must be 
managed carefully, from development of the re- 
quired operation capability, through estab- 
lishment of quantitative and qualitative spec- 
ification requirements for system and end 
items, the conduct of detailed maintenance en- 
gineering analysis effort, participation in de- 
sign/support decisions, and involvement in 
maintenance-related test/verification programs. 
Effective maintenance management control 
during this logistic support development should 
insure that the maintenance evaluation process 
is conducted in a timely, efficient, and com- 
prehensive manner, and insure contract com- 
pliance with all maintenance-related con- 
tractual provisions. 

1 1-3.6  IN-PROCESS REVIEWS (Ref. 11) 

Formal reviews conducted at critical points 
during a materiel acquisition program assist in 
maintenance management. The reviews are con- 
ducted to evaluate the status of the program, 
accomplish coordination among affected agen- 
cies, arrive at timely decisions, and assure 
ultimate acceptability of the materiel for use 
by the Army. 

The reviews provide all agencies involved 
in a program the opportunity to analyze prog- 
ress and problems from their respective points 
of view, and to issue coordinated direction for 
future program actions. The ultimate results 
are a reduction in development time and costs 
and more effective materiel. 

The management levels that participate in 
reviews are governed by the magnitude and im- 
portance of the materiel program. Programs are 
designated major and nonmajor. Strictly speak- 
ing, only nonmajor programs are subjected to 
in-process reviews (IPR's). Major programs are 
subjected to reviews termed Defense Systems 
Acquisition Review Council (DSARC) and/or 
Army Systems Acquisition Review Council 
(ASARC) reviews. Generically, these reviews 
are also IPR's. 

One of four levels of review are used for 
key decisions on materiel programs. These four 
levels are Secretary of Defense, Secretary of 
the Army/Chief of Staff, Headquarters Depart- 
ment of the Army, and the materiel developer. 
Decisions by the Secretary of Defense are made 
on major programs following a DSARC, and 
those by the Secretary of the Army/Chief of 
Staff are made on major programs following 
an ASARC. Programs designated for DSARC 
review automatically require a prior ASARC 
review. Major decisions on nonmajor programs 
are made by an appropriate approval authority 
following an IPR. The determination as to 
whether a materiel development pro- 
gram/item/system will be designated major or 
nonmajor will be made by Headquarters, 
Department of the Army. Fig. 11-7 shows the 
management review levels, review designations, 
and review points during a materiel acquisition 
cycle. It will be noted that the last three 
reviews can make use of development and op- 
erational test results (Fig. 6-2). 
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Figure 11-7.  Materiel life Cycle Decision Points 

The U S Army Materiel Command (AMC), 
as a materiel developer, is granted IPR rec- 
ommendation approval authority by the Depart- 
ment of the Army for appropriate nonmajor 
program reviews. This authority may be 
delegated, when appropriate, to commanders of 
AMC major subordinate commands, directors of 
corporate laboratories, and commanders of 
AMC separate activities by formal letter 
notification from Headquarters, AMC. The au- 
thority to approve IPR recommendations will 
not be delegated further. AMC command- 
ers/laboratory directors, who have been 
delegated the authority to appoint IPR 
chairmen and to approve AMC positions prior 
to an IPR, may redelegate this authority within 
their organizations. The authority to approve 
IPR recommendations, approve the AMC posi- 
tion prior to an IPR, and appoint chairmen will 
be retained by Headquarters, AMC on desig- 
nated items/projects. 

AMC will provide the chairman for as- 
signed nonmajor IPR's who will be appointed 
by  the  appropriate AMC  approval  authority. 

The chairman will be the AMC spokesman and 
will be the final authority at the IPR for 
decisions concerning AMC. He is authorized to 
negotiate with other IPR members and to mod- 
ify the previously approved AMC position when 
differences occur in order to obtain agreements 
that will serve the best interests of the Army. 
The AMC approval authority may appoint one 
chairman for all IPR's on a project or category 
of projects (blanket appointment) when, in his 
judgment, the best interests of the Army in 
terms of economy of time and money and over- 
all management efficiency are served. 

In addition to AMC representation, the IPR 
team will include representatives from the user, 
trainer, logistician, and combat developer. 

All formal IPR's are scheduled and con- 
ducted as conference IPR's. The conference may 
be cancelled by the chairman when he obtains 
unconditional concurrences from the other IPR 
members in the AMC proposed course of action, 
as indicated in the agenda packages. In the 
event of comments or nonconcurrences from 
other IPR members  on the AMC proposed 
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course of action, the chairman may cancel the 
IPR conference provided that he can reconcile 
their comments or resolve their noncon- 
currences to the satisfaction of all IPR 
members prior to the scheduled conference. 
When a conference IPR has been cancelled, the 
chairman will include a justification for the 
cancellation in his letter to the approval au- 
thority which requests approval of the IPR rec- 
ommendations. The chairman will attach to his 
letter copies of correspondence from the other 
IPR members that include statements of their 
concurrence in the IPR recommendations. 

Formal, scheduled IPR's may be supple- 
mented with informal IPR's. An informal IPR 
may be initiated by the project manager, com- 
mander of a major subordinate command, cor- 
porate laboratory director, or by Headquarters, 
AMC, or may be requested by a member agency 
when there is a need for a review of project 
status, or a technical problem requires resolu- 
tion, or for any other valid reason when a 
formal decision is not required. The IPR may 
be conducted by correspondence in lieu of a 
conference provided all members concur. The 
composition of an informal IPR team is the 
same as that of a formal IPR team. 

DSARC's, ASARC's, and in-process reviews 
comprise a powerful maintenance management 
control tool, as well as a powerful management 
tool for all other disciplines. The formal reviews 
and resulting decisions establish policy and 
broad technical guidance that must be imple- 
mented. Support subsystem information, re- 
quirements, and problems provided as a part 
of reviews must be complete and accurate. 
Otherwise, erroneous decisions to the detriment 
of materiel cost-effectiveness will result. Infor- 
mal reviews deal essentially in details and 
should be used to investigate and solve detailed 
problems that impact the support subsystem. 

11-3.7  TYPE CLASSIFICATION 

Maintenance engineering management also 
impacts maintenance management control dur- 
ing system development through participation 
in equipment type classification actions. As dis- 
cussed in par. 7-2.5.1, type classification is used 
to deseribe the degree to which an equipment 
meets Army requirements. The definitions for 
type classifications standard (STD) and limited 

procurement imply that a considerable amount 
of judgment is involved in the type classifica- 
tion action. There is also the implication that 
the data used in the judgment can be qual- 
itative as well as quantitative in nature. The 
phrase "determined to be acceptable for the 
mission intended and introduction into the in- 
ventory" is contained in the type classification 
STD definition and is a direct result of main- 
tenance engineering management decisions. Pf 
these decisions are in error, the consequences 
will be far reaching, especially in the area of 
post-deployment costs. Even more serious, the 
operational readiness of the equipment can suf- 
fer degradation. Since the type classification ac- 
tion requires technical (specification), oper- 
ational, and logistic decisions, care should be 
exercised to assure that no one system devel- 
opment discipline is allowed to sway the final 
decision. Consequently, type classifica- 
tion/reclassification actions are controlled by a 
formal review process. Major system type 
classifications are approved by the Army Sys- 
tems Acquisition Review Council, and desig- 
nated nonmajor systems receive type classifica- 
tion approval by AMC in-process reviews. 

1 1-3.8   COMPUTER AIDED DECISION MAKING 

Recent developments in computer design 
and programming techniques have provided 
maintenance engineering management with 
powerful analytical tools to aid in the decision- 
making process. These tools are valuable to 
management especially during the system de- 
velopment phase of a program when several 
support alternatives exist. One of the most 
versatile of these tools is dynamic simulation. 

Dynamic simulation can be used to provide 
insight into the many complex problems asso- 
ciated with major developmental programs. Un- 
like most static computer techniques, dynamic 
simulation does not tell management what to 
do; however, it provides the intelligence for ef- 
fective decision making by duplicating the real- 
life situation within a computer and ac- 
cumulating all vital statistics experienced as a 
result of the situation. This technique provides 
the means for considering all interaction's and 
interrelationships .among variables without 
becoming confused by the many details or over- 
looking significant factors. One of the computer 
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languages used in performing dynamic simu- 
lation is called general-purpose system simu- 
lation, which basically is an optimization of cer- 
tain FORTRAN subroutines. A program is con- 
structed by using a set of interrelated logical 
and mathematical symbols to represent various 
elemental abstractions, called entities, by which 
the desired operations can be represented. 
Through proper sequential use of these entities, 
entire logistic operations can be simulated. 

Seven basic steps are associated with 
dynamic simulation. These are illustrated in 
Fig. 11-8. The seven steps, in sequence of ex- 
ecution, are: 

a. Problem definition. Here, the basic flow 
and decision criteria by which the simulation 
is to be performed must be defined. 

b. Logic interpretation. Once the flow and. 
decision criteria of the simulation have been 
defined, a logic interpretation is performed to 
convert the block diagram into the simulator 
language. 

c. Digital conversion. The next step is to 
transfer the logic flow information to the digital 
conversion transmittal forms or coding forms. 
This commonly is referred to as "loading the 
program". 

d. Computer inputs. The transmittal forms 
are used to prepare punched cards for input 
to the computer. Care must be taken in pre- 
paring the cards; a misspelled word or data in 
the wrong place will cause the computer to re- 
ject the program. 

e. Operational simulation. The punched 
cards are fed into a digital computer. The ma- 
chine will make all necessary logical decisions 
in accordance with the flow and decision 
criteria, keep all records, and perform all re- 
quired operations. 

/ Problem analysis. As a result of the 
computer simulation, a printout is obtained that 
defines all significant happenings during the 
run. This information is provided to manage- 
ment and contains statistical facts, graphs, and 
curves that reflect what could be expected in 
the real-life situation. 

g. Summary charts (management informa- 
tion). Since the printout contains much residual 
information, it is common for the programmer 

to extract the more salient data into summary 
charts for ease of handling by management. 

In the example depicted in Fig. 11-8, the 
summary chart shows the weeks during which 
shipments of units of materiel to the depot were 
made, and the total cumulative shipment for 
a 9-wk period. 

Normally, logistic simulations deal 
primarily with equipment, people, facilities, 
cost, and other entities. Simulation often is used 
to evaluate existing systems. Its real value to 
maintenance engineering management during 
system development lies in its capability to re- 
produce alternative logistic concepts prior to fi- 
nalizing of the system design. To be a bona 
fide candidate for a simulation analysis, a 
logistic problem must be time and event ori- 
ented, generally with a degree of complexity 
arising from alternative decisions based on 
probability or logic. Typically, a simulation can- 
didate will consist of a number of equipments, 
with given reliability and maintainability char- 
acteristics, which operate and fail in a common 
scenario, sharing common facilities, parts, and 
people, and which perform a mission or mis- 
sions. For example, a scenario may compromise 
a CONUS depot and supply and transportation 
systems which support units that are deployed 
overseas. To track an item through the depot 
or to trace a single part through the supply 
pipeline is not an overwhelming task, but to 
determine-using desktop analysis methods-the 
overall capability, efficiency, and costs in terms 
of all equipment which passes through the 
depot and all supplies which use the trans- 
portation pipeline virtually is impossible. 

By use of a simulation model, the total 
support subsystem can be simulated, analyzed, 
changed, and evaluated rapidly and as often as 
necessary in order to identify the optimum 
makeup of the system and the sensitivities of 
the elements of which it is comprised. Typically, 
months or years of operation can be simulated 
in a few. minutes, with the computer providing 
a time-oriented printed record of output 
statistics in various formats. These output 
statistics provide a measure of efficiency and 
adequacy of the system in terms of utilization 
of personnel and equipment, queuing, transit 
times, costs, etc. These data provide the basis 
for evaluating  conceptual  candidates  or for 
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restructuring a system for more effective op- 
eration. If the model has been structured re- 
alistically and simulates pertinent aspects of 
the system, the simulation provides a precise 
tool to aid in selection of the most cost-effective 
solution to the logistic problems. 

In summary, simulation is a tool that can 
provide rapid answers to complex questions. 
Simulation is to maintenance engineering man- 
agement what a calculation is to the statistician 
or a slide rule is to the design engineer. Unlike 
many computer techniques, simulation does not 
make decisions for management. However, it 
does allow management to answer such ques- 
tions as "What would happen if . . .?" or "Why 
not try doing it this way?". Finally, with sim- 
ulation, strategy can be planned before a prob- 
lem arises. This capability provides manage- 
ment with the time and background data need- 
ed to make intelligent decisions. 

11-4 MAINTENANCE MANAGEMENT IN 
PRODUCTION MAINTENANCE 

The term production maintenance is syn- 
onymous with depot maintenance. This level of 
maintenance is discussed in Chapter 10. The 
discussion that follows will address the main- 
tenance management aspect of production 
maintenance as it relates to maintenance plan- 
ning, programming, budgeting, funding, supply 
control, production control, and maintenance 
engineering. 

Depot maintenance is the responsibility of 
and is performed by designated maintenance ac- 
tivities (including contractor facilities) to aug- 
ment stocks of serviceable materiel by over- 
hauling and rebuilding unserviceable assets that 
require maintenance beyond the capabilities of 
general support activities. This responsibility is 
satisfied through a combination of more exten- 
sive shop facilities, more specialized equipment, 
and more highly skilled personnel than those 
existing at lower levels of maintenance. Depot 
maintenance usually is accomplished in fixed 
shops and facilities that are Government-owned 
and -operated, Government-owned and 
contractor-operated, or contractor-owned and 
-operated. 

Depot maintenance support demands that 
four essential elements must be available within 
the same time frame. These elements are: 

a. Unserviceable but repairable items 

b. Parts required to accomplish the repair 

c. Obligational authority 

d. Repair capability, including documen- 
tation, tools, test equipment, plant facilities, 
and manpower allocations. 

The process of bringing these essentials to- 
gether requires considerable coordination 
among individual commodity commands, the 
AMC, the Department of the Army, other CON- 
US agencies, and oversea commands. A focal 
point for this coordination is the United States 
Army Major Item Data Agency (MIDA) through 
its Central Workloading Activity (CWA) and 
Depot Maintenance Data Bank (DMDB) func- 
tions. MIDA serves as the interface between 
the item manager (a commodity command, 
oversea command, project manager, separate in- 
stallation or activity reporting to Hq. AMC or 
the CWA, and responsible for generating main- 
tenance requirements), the depots, and other 
agencies.   - 

11-4.1   GENERAL PROCEDURES (Ref. 13) 

The procedures that follow govern the gen- 
eral activities of the CWA, item managers, etc., 
and the use of the DMDB in the management 
of production maintenance: 

a. Each item manager will be responsible 
for determining his depot level materiel main- 
tenance requirements and developing appro- 
priate maintenance support service program re- 
quirements for the current year and each ap- 
plicable planning year. These will be submitted 
for inclusion in DMDB records. 

b. Data for organic, contract, and/or inter- 
service depot level maintenance effort for each 
'requirement will be forwarded to the DMDB 
and will be updated concurrently. Following ini- 
tial program establishment in the DMDB files, 
all data element exchanges will be on an ex- 
ception basis, containing only those data ele- 
ments which change information in the reci- 
pient's files. 

c. All requests for maintenance from cus- 
tomers  outside the Department  of the Army 
will be processed as prescribed by applicable 
AJVIC regulations. Depots will not negotiate for 
this type of work. All requests for intra-Army 
depot  level maintenance will be processed 
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through the applicable maintenance interservice 
support office. All accepted proposals will be 
workloaded to the selected primary or secon- 
dary depot by the CWA. 

d. Each commodity command will be re- 
sponsible for keeping the CWA updated by 
mailing copies of all depot maintenance inter- 
service agreements, international logistic pro- 
grams, foreign military sales, or other depot 
maintenance agreements for other than Army 
customers which have been identified for depot 
maintenance. 

e. Each item manager will establish and 
maintain a nonduplicative commodity command 
level of sequence of priorities for all organic 
depot level maintenance programs initiated by 
the command. This may include assigning dif- 
ferent priority sequence numbers to portions of 
a total quantity on one requirement record. The 
CWA using the DMDB will assign work and 
commit depot level resources in accordance with 
priority sequence and resource availability with 
an automatic consideration of cost-effectiveness. 
Organic maintenance facilities will establish 
shop schedules in accordance with priority se- 
quence and resource availability. 

f. Upon determination of the commodity 
command depot maintenance requirement, the 
item manager will take action to assure avail- 
ability of required unserviceable assets. Weekly, 
each commodity command will prepare and for- 
ward to the DMDB increases and decreases in 
the on-hand availability of unserviceable assets 
for each program, by depot. The CWA using 
the DMDB files will assign work to organic 
maintenance shops on the basis of the asset 
information from commodity commands and 
others. If actual availability does not*agree with 
that reported by the commodity command, the 
depot supply activity will initiate action with 
the commodity command to reconcile inventory 
records, after which the command will advise 
the CWA of any desired change in instructions. 

g. Primary and secondary depots will be 
designated by the commodity commands with 
Hq., AMC, approval after full coordination with 
the CWA and the U S Army Maintenance Man- 
agement Center. Primary and secondary depots 
will be assigned initially for each weap- 
on/support system on the basis of lowest 
time/overhaul  cost of the  system   and  other 

significantly defined factors. After initial des- 
ignation, assignments will be reviewed annually 
for cost-effectiveness. 

h. The commodity command will assure 
that the unit maintenance total cost trans- 
mitted to the CWA on the maintenance require- 
ment record is the cost approved by the com- 
mand after allowable maintenance expenditure 
limits have been considered. At the depot main- 
tenance activity level, materiel classified as 
"unserviceable, economically repairable" by 
quality assurance personnel will be accepted as 
economically repairable except for hidden 
defects which can be determined only after 
teardown. Detection of such hidden defects dur- 
ing maintenance will be referred immediately 
to the quality assurance activity for possible 
reclassification. Documentation of the facts will 
be maintained in the record folder of the depot 
maintenance activity and will be reported to 
the DMDB. The CWA will approve the cost ad- 
justment or refer it to the commodity command 
for decision in accordance with established 
dollar and quantity tolerances. 

i. The CWA using the DMDB will prepare 
ADP programs to produce maintenance man- 
agement information in the format and frequen- 
cy required by the Director of Maintenance. 
Hq., AMC. 

j. The CWA will not request a depot main- 
tenance activity to negotiate for, let, or admin- 
ister national maintenance contracts. The Depot 
Production Planning and Control System will 
assure that depots are not able to negotiate and 
administer contracts for complete maintenance 
programs. This policy requires the depots either 
to accomplish the major tasks as assigned or 
to report back to the CWA their organic in- 
ability to accomplish the task in the time frame 
established. The CWA then will reassign the 
work to another depot or report the status to 
the commodity command which then can 
negotiate a national contract. Depots will be 
authorized to issue supportive service contracts 
only as a supplement to their capability in order 
to perform a portion of the task and as an 
aid in handling emergencies. 

k. The Director of Maintenance and the 
Comptroller, Hq., AMC, and the commander of 
each  commodity  command  will  provide  the 
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CWA with current program and budget guid- 
ance and with manpower guidance to be used 
in determining maintenance net capacity quan- 
tities for the execution year and the 5 planning 
years. 

I. All progress and cost status reporting 
from the organic depot maintenance activities 
will be transmitted directly and exclusively to 
the DMDB. Contractual progress and cost stat- 
us reporting will be provided to the DMDB from 
the commodity commands. The DMDB will pro- 
vide for expeditious forwarding of these data 
to the appropriate recipients. 

m. The CWA using the DMDB will treat 
workloading, capability data, reporting data, 
etc., by depot; however, under depot complex- 
ing, the DMDB will deal with the complex com- 
mand service center only. Data transmission 
and communication will be with the complex 
command, service center and not with its as- 
sociated depot maintenance activities. 

u. The Organic Depot Maintenance Produc- 
tion, Planning, and Control System will provide 
for consolidation of like items on depot pro- 
duction schedules. A single program control 
number will be assigned to collect labor and 
production, as well as for repair part fore- 
casting and requisitioning actions. The system 
will provide for proration of cost data to the 
originating order no more frequently than daily, 
but no less frequently than the 15th and end 
of each month. 

o. The decision and action on final job 
order closeout and billing are the responsibility 
of the comptroller. Maintenance will be allowed 
15 days after final production to close out 
records. After that period, the comptroller will 
insure that all outstanding financial transac- 
tions have been completed and will take ex- 
peditious action to assure closeout by the 15th 
of the month following that in which the spe- 
cific job or service order is completed. 

p. Depot maintenance consumption data 
will be submitted by every depot level materiel 
maintenance activity-including oversea, com- 
mercial, and cross-service contracts-on those 
programs from which the item manager re- 
quired reporting. Both Government-furnished 
parts and contractor-furnished parts consumed 
will be reported. The data will be reported di- 
rectly to the appropriate commodity command. 

q. Consumption data will be maintained by 
the end item commodity command for all re- 
pairables under its management subject to 
depot maintenance. The data will be used in 
maintaining current depot maintenance part re- 
quirement lists (DMPRL's). 

r. Repair part and special tool lists 
(RPSTL's) and DMPRL's developed and main- 
tained by the end item commodity command 
will portray repair part requirements for 
planned and scheduled depot maintenance pro- 
grams. Upon request, the end item commodity 
command will provide an RPSTL/DMPRL to 
each primary or secondary depot. 

11 -4.2   REQUIREMENT INPUTS (Ref. 13) 

Item managers are required to report 
depot materiel and maintenance support re- 
quirements to the DMDB. The procedures that 
follow govern this reporting and associated ac- 
tivities: 

a. All orders placed on depot maintenance 
activities-regardless of source or custom- 
er-will be controlled through the Central 
Workloading Activity (CWA), except for tech- 
nical and delivery phases of negotiation with 
interservice customers. Requirement data also 
will be submitted to the DMDB for all depot 
level maintenance programs placed on contract 
by the commodity commands and oversea com- 
mands, regardless of funding. 

b. Requirements will be specific, both to 
the work encompassed by the order and order 
terms, and will include necessary special in- 
structions of either an administrative or tech- 
nical nature. For example, the authorization for 
overtime (premium) to be worked involving ad- 
ditional funds must be provided by the item 
manager. 

c. The procurement of repair parts neces- 
sary to support materiel requirements will be 
based on the Army materiel plan developed by 
the DMDB. Procurement action will be initiated 
sufficiently in advance of the execution year 
to allow for leadtime, etc. and to insure delivery 
to the performing activity at least 90 days prior 
to the date the item is introduced into the main- 
tenance shop. The quantities of procured items 
will be sufficient to support schedules for at 
least one-quarter of the the fiscal year. This 
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action taken by the supply manager will include 
all repair parts required, regardless of the item 
manager or class manager having inventory 
control of the parts. 

d. Coordination between commodity com- 
mands is the responsibility of each supply man- 
ager accountable for the basic item, component, 
or accessory. This also includes coordination 
with the counterpart in other Government agen- 
cies. 

e. Supply managers continually will review 
materiel requirements with status reports 
provided by the DMDB to assure that parts sup- 
port is in consonance with schedules reported 
by the performing activity. If the supply man- 
ager cannot obtain the parts required, the main- 
tenance programmed quantity total will be re- 
duced in order that a lower priority materiel 
requirement may be workloaded. 

/ The item manager will report to the 
DMDB, by stock number, those repair parts and 
components which are in long supply or excess 
and which will be requisitioned from the supply 
system for use in overhaul. The repair of listed 
parts/components during overhaul may not be 
accomplished without prior authorization of the 
responsible commodity command. 

g. Performing activities are responsible for 
assuring that the, status of asset availability 
data reported by them to commodity commands 
is current and accurate. Timely release of op- 
eration and maintenance, Army funds by the 
CWA to Army industrial fund depot activities 
is dependent upon accurate and current asset 
balances in the DMDB. 

h. Action will be taken by the item man- 
ager to expedite turn-ins of unserviceable re- 
pairable assets. If the field does not react to 
expediting actions by the commodity command, 
the problem will be referred to Hq., AMC, for 
appropriate action. 

i. Item managers will coordinate with the 
National Maintenance Points to insure that 
maintenance standards/technical packages 
(depot maintenance reference lists (DMRL's) 
and depot maintenance work requirements 
(DMWR's)) are made available to performing 
activities prior to or concurrent with input of 
the requirement to the DMDB. Absence of 
standards/technical package identification will 

require coordination between the CWA and the 
commodity command. 

j. When a gross maintenance requirement 
becomes known for a current year or for any 
of the 5 projected years, that requirement will 
be input by the item manager to the DMDB. 
To accommodate the required input of depot 
materiel maintenance data for that materiel not 
the responsibility of the commodity command 
but accomplished by AMC depot maintenance 
resources and facilities, the item manager's role 
will be assumed by the CWA acting as the co- 
ordinating representative. 

11 -4.3 WORK ORDERS AND REPORTS (Ref. 13) 

The CWA plans, schedules, and orders the 
work for the AMC depot level materiel main- 
tenance effort. In the accomplishment of these 
functions, a linear programming model is used 
to develop a balanced workload for each year, 
including the current year. This is an iterative 
process accomplished in conjunction with the 
depots. Based on the balanced workload, work 
orders are issued to the depots for acceptance, 
rejection, or negotiation. Par. 10-3.2.1 describes 
work order processing. 

Among the reports submitted by the 
depots after the acceptance of the work orders 
are those pertaining to production status, cost, 
and repair part consumption. Information in 
these reports coupled with information on re- 
pairable asset availability provided by appro- 
priate agencies comprise the basic data required 
for management of the current year depot 
maintenance program. 

11-4.4   CONTROL OF DEPOT EXPENDITURES 

Control of depot expenditures is essential 
if the Army depot mission of achieving a max- 
imum operational readiness posture at min- 
imum cost is to be realized. The large quantities 
of materiel now in the Army inventory—and 
their complexity, cost of acquisition, and main- 
tenance—generate a continuing demand for 
resources. These resources—fund allocations, 
manpower, materials, facilities, and tooling-are 
associated directly with the operational cost fac- 
tor. Greater management emphasis is necessary 
to obtain the optimum return for each cost 
dollar if the cost factor and operational effi- 
ciency are to reflect the desired relationship. 
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Management objectives that are common to 
both the effective and economical development 
of the maintenance effort and the use of 
resources should be established as an integral 
part of depot maintenance operations. In this 
way, both materiel readiness and cost control 
endeavors are influenced. Specific purposes of 
management objectives of this type are: 

a. To maintain materiel, using available 
resources to the maximum extent, in a manner 
that enhances its readiness posture and its abil- 
ity to perform designated functions efficiently 
and safely 

b. To stimulate and assist in the ready 
flow and exchange of maintenance experience, 
techniques, processes, and data among main- 
tenance shops, maintenance personnel, and ap- 
propriate field organizations 

c. To increase the general understanding 
of the importance and magnitude of effectively 
maintaining modern materiel, and the need for 
improved maintenance discipline 

d. To provide appropriate assignment of 
maintenance activities as a prerequisite to ef- 
fective and efficient maintenance 

e. To encourage the standardization of 
maintenance activities, procedures, and use of 
maintenance data and reporting. 

Basic objectives stress economy of oper- 
ation and the accomplishment of maintenance 
at the lowest possible cost. Closely associated 
with economy is the usually austere availability 
of fund allocations, which determine, over an 
extended period of time, the size of the depot 
work force and the breadth of the workload. 
Maintenance managers should establish man- 
agement policies that complement management 
objectives. These management policies provide 
for: 

a. Establishment of uniform criteria and 
standards which prescribe the procedures for 
economical repair, overhaul, and rebuild of ap- 
plicable materiel 

b. Determination that repair and overhaul 
of unserviceables are compatible with supply 
system requirements and disposal criteria 

c. Consolidation of depot maintenance 
shops and facilities to the maximum extent 
feasible 

d. Vitalization of depot training programs, 
and career development of technically qualified 
personnel for assignment to maintenance man- 
agement positions 

e. Establishment of internal depot proce- 
dures for accurate identification of maintenance 
costs and their correlation to support operating 
activities 

f. Development of uniform criteria and 
procedures for computing maintenance work- 
loads and backlogs. 

The source documents for collecting 
elements-of-cost data for depot maintenance op- 
erations or for activities performing depot 
maintenance operations provide the basic ac- 
counting requirements for recording, con- 
trolling, and reporting the costs incurred. The 
basic documents used for this purpose are: 

a. Cost distribution journals, which iden- 
tify separately all labor, materials, supplies, 
contractual services, and other expenses 

b. Cost ledgers, used for recording and 
summarizing detailed cost data by cost account 
and elements of cost such as direct man-hours 
and work units completed 

c. Job order cost sheets, which are estab- 
lished for each work order received by the depot 
or activity. 

Each activity performing depot-type main- 
tenance is allowed considerable latitude in the 
development of effective and economical 
methods and procedures which are consistent 
with basic accounting requirements but which 
are adaptable to the organization and account- 
ing requirements of the activity. 

The basic source for collecting and record- 
ing the labor effort is either the daily activity 
sheet or the individual time cards, both of 
which report man-hours of labor by cost code 
or job order number. Upon reconciliation with 
attendance records, the man-hour information 
is forwarded to cost accounting, where total 
man-hours by cost codes or job order numbers 
are posted. In costing out total man-hours, 
either actual or average departmental rates can 
be applied, depending upon the size of the shop 
and the work force involved. 
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11-4.5   ESTIMATING MAINTENANCETIME (Ref. 3) 

Production maintenance time estimates 
generally are obtained from a combination of 
historical, statistical, and engineered standards. 
Historical standards are obtained from past 
records of the actual time and cost involved 
in completing a specific overhaul operation. 
Historical standards may be derived from the 
actual time and cost to overhaul one un- 
serviceable item, or it may be computed from 
an average of the time and cost to overhaul 
a quantity of like unserviceable items. Histor- 
ical standards are not particularly accurate for 
scheduling and control purposes because the 
type of and extent of repairs required to restore 
unserviceable items vary with individual items. 
However, the broader the overhaul experience 
has been with an item, the wider the base from 
which the average may be computed; con- 
sequently, the production standard derived will 
be more accurate than would be possible if this 
condition did not exist. A statistical standard 
is similar to a historical standard in that it 
is derived by averaging actual recorded time 
or cost figures for a specific operation. It, too, 
is based on historical data, but, in addition, 
it considers data on operations and costs which 
depart significantly from the norm. In 
statistical standards, both superior and poor 
performances are excluded. The statistical 
standard, therefore, is more a median than an 
average and is felt to be more accurate than 
historical data alone. Actually, a combination 
of the two methods frequently is used in pro- 
duction control practices. 

Because historical and statistical standards 
are based on past performance, and thus may 
embody production inefficiencies, engineered 
time standards have been developed. Three 
methods for determining engineered time stand- 
ards are: 

a. Motion-time Analysis. In a motion-time 
analysis, the job to be analyzed first is broken 
down into simple body movements such as lift, 
move, turn, and grasp. Generally, for relatively 
short operations, a more detailed breakdown is 
required, and the subsequent computations are 
more complex than is the case for longer jobs. 
Once a job has been broken down into its vari- 
ous parts, the analyst refers to special tables 
that contain standard times for each body mo- 

tion, taking into account the distance the par- 
ticular body member moved and other factors 
such as the resistance met or the care required. 
By totaling times for all the movements, the 
analyst is able to develop a standard time for 
the whole operation. Adjustments for worker 
proficiency are unnecessary because the table 
factors themselves reflect the motion times of 
a normal worker. Fatigue allowances must be 
considered, however, along with other pertinent 
job factors. 

b. Stopwatch Time Study. In a stopwatch 
time study, the job to be evaluated is broken 
down first into basic elements or timing points. 
After this division of the operation, the analyst 
then observes several complete cycles of the op- 
eration, recording the time taken by the op- 
erator to perform each element. Then, the av- 
erage time for each element is computed. The 
analyst adjusts the average time to compensate 
for a slow worker or for a worker who is work- 
ing at too great a speed. After performing this 
adjustment, the analyst develops the standard 
time for the whole operation. Consideration is 
given to other factors such as fatigue allow- 
ances, procurement of necessary tools and 
parts, authorized breaks, and cleanup time. The 
result is an engineered time standard for the 
operation. 

c. Work Sampling. Both of the foregoing 
time study methods are suited best to repetitive 
jobs such as those which typify most production 
line operations. AFM 25-5 (Ref. 14) describes 
a work sampling time study method that has 
more general application. The method is based 
on the principle that a sufficient number of 
samples taken at random from a large group 
tends to exhibit the same charactersitics of dis- 
tribution as the entire group. Conclusions are 
drawn about the whole population or universe 
based on a limited number of samples. At ran- 
dom intervals, the workers are observed, and 
the state or condition of each worker's activity 
is noted and classified into predetermined cat- 
egories. 

Application of the method involves the de- 
termination of the man-hour population from 
which samples are taken; the designation of the 
time categories into which the samples are plat- 
ed; making the actual observations, including 
periodic performance rating; computation of the 
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percentage of time spent on each category (ratio 
of the total samples in any one category to 
the total samples taken); and, finally, appli- 
cation of these percentages to the total man- 
hours sampled to determine the time spent on 
each designated category. AFM 25-5 provides 
procedures for accomplishing all of these ac- 
tivities. 

11-4.6 SCHEDULING 

A major aspect of production that man- 
agement must consider both before and during 
actual maintenance operations is whether or not 
production schedules provide for the economical 
and efficient use of all available production 
resources such as facilities, manpower, equip- 
ment, and materials. Adequate production 
scheduling for maintenance operations is the 
first essential step in securing successful pro- 
duction performance, and proper use of these 
resources virtually assures the success of the 
production scheduling operation. Production 
scheduling encompasses the following planning 
actions: 

u. Determining the production 
resources-funds, economically repairable and 
unserviceables, repair parts, labor, tools, ma- 
terials, and machinery—required for a specific 
maintenance program 

b. Establishing production procedures that 
insure the successful accomplishment of the 
depot maintenance program 

c. Formulating detailed standing operating 
procedures for all aspects of the work to be 
performed 

d. Differentiating between procedures for 
production runs and those for the occasional 
odd job. 

From a maintenance management point of 
view, maintenance scheduling has much the 
same relation to programming as programming 
has to long-range planning. A program is in- 
tended to implement a plan, and a schedule 
is intended to outline the specific means by 
which the more immediate objectives of the pro- 
gram can be accomplished. A definite dividing 
line cannot be drawn between programming and 
scheduling, for scheduling is merely a con- 
tinuation of the programming process. The 
broad objective of the maintenance scheduling 

function is the same as that of the maintenance 
programming and budgeting function. This ob- 
jective is to obtain from available maintenance 
resources the most effective performances and 
use possible by formulating timetables and pro- 
cedures for accomplishing a required workload. 
Unlike programming, however, scheduling deals 
in specifics; i.e., specific installations, definitive 
workloads, and definite time periods. 

When scheduling workloads, the basic fac- 
tors considered are the types and number of 
items to be repaired or overhauled, the activ- 
ities at which the program will be accom- 
plished, the number of items each activity will 
be assigned, and the time frame in which the 
program will begin and end. 

The depot commander to whom a workload 
has been assigned is responsible both for devis- 
ing internal production schedules and work 
orders that delineate the methods and proce- 
dures to be followed and computing the 
resources necessary to process the assigned 
workload. This phase of maintenance scheduling 
is directed toward the coordination of resources 
such as labor, repair parts, funds, and facilities 
to accomplish the assigned workload in the 
most effective manner and within allotted time 
frames. 

11-4.7  WORK PRIORITY 

Work priority plays a part in production 
maintenance management. In the scheduling 
and execution process, the order of overhaul de- 
pends upon the relative importance of an item 
to the Army and the immediate availability of 
required unserviceable assets. From the time 
operating programs are formulated to the time 
they are implemented, a never-ceasing eval- 
uation and reevaluation of them are carried out 
at every level of command. Some overhaul pro- 
jects, such as those for strategically important 
international logistic program shipments, often 
are assigned top priorities by the Department 
of the Army at the direction of the President 
or the Secretary of Defense. Other programs 
may be given a priority status by the CWA 
as a result of depleted stocks or increased de- 
mands. The depot commanders usually schedule 
repair-and-return-to-stock items on established 
policy and operating procedures. 
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11 -4.8  MAINTENANCE STANDARDS (Ref. 3) 

It is Army policy that practical and meas- 
urable standards be developed for each major 
item of materiel. The primary purpose of these 
standards is to provide meaningful data by 
which the readiness posture can be measured 
or ascertained and a predictable level of 
reliability insured. Further, it is policy that 
these standards be simple enough to be used 
by unit personnel as well as by personnel of 
inspecting agencies. 

In keeping with the requirement to estab- 
lish measurable standards as a means of im- 
proving the readiness status of equipment, 
Army agencies have developed performance 
standards; serviceability standards; mainte- 
nance standards, including overhaul standards; 
equipment serviceability criteria; and oper- 
ationally ready standards. By definition, a 
standard is an established or accepted rule, 
measure, or model by which the degree of sat- 
isfactoriness of similar items is determined. 
Four types of standards are of concern to pro- 
duction maintenance management: performance 
standards, serviceability standards, mainte- 
nance standards, and equipment serviceability 
criteria. Definitions of these standards follow: 

a. Performance Standard. Generally, the 
term "performance standard" refers to an es- 
tablished number of man-hours required to per- 
form a unit of work. In terms of maintenance, 
however, it may refer to performance measures 
relative to the number of satisfactory hours of 
operation, the number of pounds of pressure, 
or the amount of stress or strain to which 
materiel can be subjected before a breakdown 
occurs or maintenance is required. 

b. Serviceability Standard. A serv- 
iceability standard is a measure which specifies 
the operating limits for an item. When these 
limits have not been reached, the item is con- 
sidered to be serviceable and safe, but when 
these limits have been exceeded, the item is 
considered to be unserviceable. Serviceability 
standards involve a consideration of wear lim- 
its, deterioration, performance as an indication 
of the degree of serviceability, and damage that 
affects the serviceability of equipment. 

c. Maintenance Standard. A maintenance 
standard is a measure which specifies the min- 
imum condition to which an item must be re- 

stored by repair, overhaul, or some other main- 
tenance function to insure its satisfactory per- 
formance for a specified period of service. 

d. Equipment Serviceability Criteria. 
Equipment serviceability criteria are standards 
used to measure the combat readiness status 
of equipment. A color code or "traffic light" 
concept is used to designate the degree to which 
equipment probably will perform its combat 
mission. According to the "traffic light" con- 
cept, the color code green is assigned to equip- 
ment which can be expected to perform its 
primary mission for a sustained period of op- 
eration of approximately 90 days, providing nor- 
mal maintenance is performed. The color code 
amber is assigned to equipment which will 
move, shoot, communicate, or otherwise per- 
form its combat mission, but which is not op- 
erationally reliable to the same degree as equip- 
ment that is coded green. In other words, 
amber-coded equipment cannot be depended 
upon to operate efficiently for a sustained pe- 
riod of 90 days because of shortcomings or other 
conditions, such as wear, which cause marginal 
classifications. The color code red is assigned 
to equipment which cannot perform its combat 
mission because of deficiencies such as those 
which evolve from a combination of wear fac- 
tors or result from failure to reflect the ap- 
plication of an urgent modification work order. 

11-4.9 WORK MEASUREMENTS 

The results of work measurement data are 
accumulated at the production maintenance ac- 
tivity and promulgated to the higher commands 
through various reports. Some reports are cost- 
oriented, while others deal with the quantity 
of work accomplished. Most of the reports are 
generated by the production control operation 
of the production maintenance facility. This 
function develops both internally and externally 
distributed management information. The inter- 
nal reports enhance efficiency of in-house op- 
erations, and the external reports provide upper 
levels of Department of Defense, Department 
of the Army, and AMC management visibility 
into the utilization of resources and effec- 
tiveness of production maintenance operations. 
As shown in Fig. 11-9, external reporting uses 
exception-type reports from the maintenance 
program operations management level upward. 
These reports are derived from the detailed data 
submitted from  maintenance  operations level 
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Figure 11-9.   Workload Accounting and Manpower Management fRef. 2) 

11-42 



AMCP  70G-132 

management. Also, the depot reports into the 
Army Industrial Fund/Expense Appropriation 
Management (AIF/EAM) files through a work 
measurement program. 

11-4.10 PRODUCTION LINESTOPPAGES 

Production line stoppages have far- 
reaching effects on maintenance management 
of Army materiel. The most obvious and im- 
mediate effect is that manpower and production 
facilities that are subjected to elaborate sched- 
uling operations face the possibility of idleness. 
This, of course, inevitably decreases efficiency 
and increases costs. More serious, however, is 
the fact that materiel readiness can be affected. 
As discussed earlier in this chapter, equipment 
is scheduled into production maintenance facil- 
ities on the basis of relative importance of the 
equipment to the Army mission. 

Maintenance management must respond 
rapidly to production line stoppages. Once the 
stoppage cause has been analyzed thoroughly, 
decision questions must be answered. Typical 
of these questions are: Can the process flow 
be rerouted? How many work centers will be 
affected? Is rescheduling action required? 
Should production be delayed at all work 
centers or only at the work center directly af- 
fected? 

The most prevalent cause of production 
line stoppages is unavailability of repair parts. 
This will be discussed in greater detail later 
in this chapter, but is mentioned here as it 
applies to management reporting of line stop- 
pages. The responsibility for reporting these 
stoppages rests with the installation supply ac- 
counting activity. Prior to advising the install- 
ation supply accounting activity that a produc- 
tion line stoppage exists, the parts management 
activity must have taken the following actions: 

a. Determine that local manufac- 
ture/fabrication, local procurement, or can- 
nibalization is not practical. 

b. Determine that the supply system has 
not responded satisfactorily. 

c. Determine that prior action had been 
taken to upgrade the requisition, for the pro- 
duction line stoppage in question, by the in- 
stallation supply accounting activity. 

Reporting of production line stoppage is 
accomplished in accordance with current AMC 
regulations, and these reports provide manage- 
ment visibility into this critical aspect of pro- 
duction management. 

11 -4.11   WORK STOPPAGE PREVENTION 

One of the key functions of production 
maintenance is to predict work stoppages and 
prevent them from occurring. Generally, stop- 
pages occur for three major reasons: lack of 
assets, lack of parts, and/or lack of resources. 
These subjects are discussed in the paragraphs 
that follow, along with a scheduling model that 
alerts management to potential work stoppages. 

11 -4.11.1  Availability of Assets 

Lack of assets usually occurs because re- 
pairables are not being generated (are not fail- 
ing) at the expected rate. Asset shortages also 
can be experienced when the accountable stock 
records at the National Inventory Control Point 
do not reflect the true depot stock balance. The 
program may be authorized and the stock 
records may reflect asset availability, but the 
depot maintenance activity has received 
notification that assets requested to be moved 
from the storage location to maintenance are 
not available. In this case, depot procedures 
should be established to insure that appropriate 
actions are taken by the depot supply and trans- 
portation activity to correct the asset balance 
through the stock status reporting system of 
the depot maintenance production planning and 
control system. 

11-4.11.2 Availability of Parts 

Parts management is a vital aspect of pro- 
duction maintenance management. Its ultimate 
objective is to insure that adequate quantities 
of the right types of repair parts are available 
to meet production requirements at a particular 
maintenance activity. Proper parts management 
can mean the difference between efficient or 
inefficient repair or overhaul operations, eco- 
nomical or costly production, timely or delayed 
completion of scheduled work, and a high de- 
gree of equipment operability or an excessive 
amount of deadlined equipment. The mainte- 
nance function should be accomplished with a 
minimum investment in repair parts; otherwise, 
fewer funds will be available for other depot 
repair programs.   Stocks of repair parts must 
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be kept at minimum levels in order to reduce 
attendant "holding costs"; i.e., the costs to store, 
inventory, inspect, preserve, maintain records, 
and dispose of excess and obsolete stocks. Yet, 
most important, repair parts must be available 
as scheduled to avoid line stoppages. Avoiding 
this type of stoppage depends to a great extent 
on accurate forecasting of requirements. 

Parts forecasting is one of the most im- 
portant elements of the depot parts manage- 
ment effort, for the accuracy of parts require- 
ment forecasts often determines the effec- 
tiveness of production scheduling. The require- 
ments for overhaul may be relatively pre- 
dictable and therefore controllable, but fore- 
casting repair part requirements without a com- 
plete teardown and inspection of the item to 
be overhauled is difficult and often impossible. 
The age of an item, the environment in which 
it has been used, its operator, and a number 
of other variables combine to make the usage 
history of each item entering the depot main- 
tenance shop unique. As a result of these vari- 
ables, two items of the same make and model 
may have quite different requirements. 

The process of forecasting and the subse- 
quent procurement of parts for the repair of 
moderate- and high-density end items begin 
with the initiation of a work order issued by 
the CWA. After initial preparation or review 
by the Production Control Element of the Depot 
Directorate for Maintenance, the order is sent 
to that maintenance element of the Mainte- 
nance Directorate which is responsible for 
determining parts requirements. This element 
computes the kinds and quantities of parts nec- 
essary to perform the work, whether it be a 
relatively small job likely to require only one 
or two days or a production line run scheduled 
to operate for a number of months. The in- 
formation for these computations generally is 
taken from the mortality data file. This file 
contains historical data on parts usage and oth- 
er repair operations of the past. Of most 
significance are the consumption or mortality 
rates which indicate the quantity of a part that 
was used in overhauling 100 end items. 

As previously mentioned, work stoppages 
due to lack of repair parts are reported into 
the Army depot maintenance production and 
control system, which produces a parts shortage 

report. This management report is issued to 
parts managers on a weekly basis. It reflects 
the quantity of each stock item number that 
is in a shortage status. 

With the report, the parts manager will 
identify which of the parts that are in a short- 
age status are line-stoppers and potential line- 
stoppers, and will annotate the report manually 
to reflect this status and hand-carry it to the 
installation supply accounting activity on a 
weekly basis. The installation supply accounting 
activity will take appropriate action to upgrade 
the requisition in accordance with existing sup- 
ply procedures. 

11-4.11.3 Availability of Resources 

Production maintenance managers cannot 
manage resources efficiently if the various costs 
of operation are not known. Appropriation ac- 
counting at the depot level can provide such 
information. The extension of the Army indus- 
trial fund and funding practices to depots en- 
ables managers to acquire cost accounting data 
for practically any element of expense desired. 
Funds may be obligated and expended for 
resources during one accounting period, while 
the costs to which these funds apply may have 
been incurred in an earlier accounting period. 
Funds must be obligated during the year of 
appropriation, but they can be expended during 
a later period, not exceeding two additional 
years. To manage effectively, the depot com- 
mander and his managers must have definite 
information available so that the current cost 
of operations is known. 

A comprehensive cost accounting system 
is provided by the Department of the Army. 
This system applies worldwide to all depots, in- 
stallations, and activities performing depot 
maintenance operations. The objective of this 
cost accounting system is to: 

a. Provide management with data to meas- 
ure cost-effectiveness. 

b. Provide the basis for determining budg- 
et program quantities and the total mainte- 
nance cost of end products produced and serv- 
ices rendered. 

c. Account for all elements of costs in- 
curred in the performance of depot mainte- 
nance, including indirect maintenance expenses, 
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general and administrative expenses, and main- 
tenance support expenses, regardless of how 
such costs are financed. 

d. Record costs by identifying the function- 
al organization that incurs the cost or performs 
the work. 

e. Provide data to assist in performing 
comparative cost analyses for two or more 
depots, and for in-house and contract mainte- 
nance operations relative to the same or similar 
overhaul programs. 

./; Facilitate interservice support to obtain 
the most economical use of facilities. 

(j. Properly classify and accumulate vari- 
ous depot-generated maintenance data required 
for preparation of the Army depot maintenance 
cost summary and other related reports. 

At the local level, the cost accounting sys- 
tem is augmented by internal depot data 
sources that provide basic data for cost 
analysis. Analysis of costs is a management 
technique used to reveal data and information 
that can lead to methods for improving effi- 
ciency. As a part of this technique, data relative 
to resources such as the costs of all labor, sup- 
plies, and services used by the depot activities 
during a particular accounting period are 
recorded, and all direct and indirect costs are 
collected under various account titles. At the 
end of a specific period, a summary operating 
statement of costs incurred by the various shops 
is prepared. Depots collect, record, and report 
shop costs by individual job orders for internal 
depot use. The actual job order costs, as well 
as total costs reported on the shop operating 
statement, are compared with budgeted or fore- 
cast costs. At the end of a fiscal year, the op- 
erating statements for all accounting periods 
in the fiscal year can be used, with appropriate 
adjustments, to forecast future fund require- 
ments. 

Cost analysis is an essential element in the 
management of production resources. Constant 
comparison with forecast resource requirements 
can aid maintenance management decision- 
makers in their efforts to predict and prevent 
work stoppages. 

11-4.11.4 Shop Scheduling Model 

The Army production planning and" control 
system includes analytical tools to assist in pre- 

diction and control of production line stoppages. 
One of these tools is a shop scheduling sim- 
ulation model, which functions as described in 
the following paragraphs: 

a. Orders issued by the Major Item Data 
Agency are costed and accepted automatically, 
or are marked up when within established pa- 
rameters. Orders outside the parameters are di- 
rected to production controllers for action 
within prescribed time frames. Each order re- 
flects its priority and required delivery sched- 
ule. Subsequent to acceptance, each order is 
stored within the automatic data processing 
equipment in the priority sequence in which 
it is to be accomplished. 

b. Ninety days prior to induction of assets, 
the scheduling model begins simulating the flow 
of work through the shop work centers. The 
simulation continues until actual movement of 
materiel from storage to maintenance takes 
place. Upon receipt of materiel at the work 
center, the supervisor creates automatic data 
processing inputs. 

c. Production flow begins with acceptance 
of materiel by the supervisor of the first work 
center. The automatic data processing inputs 
created by supervisors provide the data required 
by the scheduling model to continue scheduling 
simulation with actual experience data. Produc- 
tion progress information is provided to the 
scheduling model through daily inputs. Labor 
hours expended against each job order are com- 
pared with man-hour standards and reported 
production codes to identify potential over- 
production/underproduction problems and the 
impact on subsequent work centers. The sched- 
uling model is dependent largely upon realistic 
man-hour standards. Each planning and pro- 
duction control activity, in conjunction with 
depot maintenance engineers, constantly 
reviews man-hour standards to prevent over- 
stating or understating of man-hour require- 
ments in the automatic data processing files. 
Weekly, work center supervisors receive work 
schedules that depict the daily work center 
schedule of inductions and production output 
for the subsequent 2-wk period. The labor and 
production inputs identify whether or not the 
inductions and production are in consonance 
with  the overall  schedule.  Each work  center 
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makes its contribution to the overall mainte- 
nance effort. In this connection, a production 
slippage in one work center will cause the 
scheduling model to compensate for the pro- 
duction slippage by rescheduling other work 
into subsequent work centers. 

In summary, the scheduling model pro- 
vides an automated scheduling system to ac- 
complish the following objectives: 

a. Simulate program execution based on 
projected workload requirements versus avail- 

able manpower resources prior to the actual ex- 
ecution phase. 

b. Identify potential manpower/scheduling 
problems. 

c. Allocate work center resources based on 
Major Item Data Agency assigned priority, re- 
quired completion date, and current status of 
each individual job order (number of days ahead 
or behind schedule). 

d. Develop a 2-wk daily schedule for each 
work center. 
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GLOSSARY 

Accessibility-The feature of design layout and 
installation which permits quick and easy ad- 
mission (for performance of visual and 
manipulative maintenance) to the area in 
which a failure has been traced. 

Achieved availability-The probability that 
materiel, when used under stated conditions 
in an ideal support environment (e.g., avail- 
able tools, repair parts, and manpower), will 
operate satisfactorily at any given time. It 
excludes supply time and administrative 
downtime. Achieved availability is relatable 
directly to the early design process as a 
means of measuring equipment reliability 
and maintainability characteristics. 

Active maintenance time—The time during 
which corrective or preventive maintenance 
is being performed on an item. Active main- 
tenance time is comprised of the following 
task times: preparation time, fault location 
time, item obtainment time, fault correction 
time, adjustment and calibration time, and 
checkout time. 

Adjustment and calibration time—The time for 
recalibration, retuning, etc., when adjust- 
ments are necessary, either to compensate for 
performance degradation or to compensate 
for differences between the operating char- 
acteristics of the replacement item and those 
of the original item. 

Administrative and logistic time-The down- 
time due to nonavailability of repair parts, 
replacement parts, test equipment, or main- 
tenance facilities, and the time due to 
nonavailability of maintenance technicians 
caused by administrative functions. Admin- 
istrative and logistic downtime is not part 
of active repair time. 

Allocated baseline-See: Baseline. 

Assembly-A number of parts, or subassem- 
blies, or any combination thereof joined to- 
gether to perform a specific function and re- 
placeable as a whole (e.g., hydraulic valve, 
amplifier). 

Automatic Test Equipment (ATE)-Equipment 
that carries out a predetermined program of 
system testing for the detection, localization, 
and isolation of malfunctions to facilitate 
maintenance and the checkout of a system 
following maintenance. 

Aviation intermediate support maintenance 
A level of Army aircraft maintenance that 
exists between the aviation unit and depot 
maintenance levels. It combines the previous 
functions of direct support and general sup- 
port maintenance. 

Aviation unit maintenance —Maintenance per- 
formed at the organizational level on Army 
aircraft. See also: Organizational mainte- 
nance. 

Baseline-A configuration identification docu- 
ment or a set of such documents formally 
designated and fixed at a specific time during 
a configuration item life cycle. Baselines, 
plus approved changes from those baselines, 
constitute the current configuration 
identification. For configuration management 
there are three baselines: 
Functional baseline-The initial approved 

functional configuration identification 
Allocated baseline-The initial approved 

allocated configuration identification 
Product baseline-The initial approved or 

conditionally approved product configuration 
identification. 

Bug-To cause intentionally an actual or a sim- 
ulated malfunction in materiel by adding or 
removing components, introducing adjust- 
ment errors, etc. 

Calendar time-The total number of calendar 
days or hours in a designated period of ob- 
servation. 

Calibration—Those measurement services 
provided by designated depot and/or labora- 
tory facility teams, who by the comparison 
of two instruments, one of which is a 
certified standard of known accuracy, detect 

G-1 



AMCP 706-132 

and adjust any discrepancy in the accuracy 
of the instrument being compared with the 
certified standard. 

Catastrophic failure-A sudden change in the 
operating characteristics of some part or pa- 
rameter resulting in a complete failure of the 
item (e.g., circuit opens or shorts, structural 
failure). 

Checkout—A madmachine task to determine 
that the equipment is operating satisfactorily 
and is ready for return to service. 

Checkout time —The time required to check out 
the equipment after a maintenance action or 
otherwise to verify that a system or equip- 
ment is in satisfactory operating condition. 

Cleanup time-The portion of total mainte- 
nance time following reassembly and check- 
out of an item in which tools, test equipment, 
and material not required for operation are 
removed from the equipment operating area. 

Conceptual phase-The first phase in the 
materiel life cycle. The phase in which the 
technical, military, and economic basis for 
the program, and concept feasibility are es- 
tablished through pertinent studies and the 
development and evaluation of experimental 
hardware. 

Confidence tests-Periodic test to verify that 
system performance is within specified limits 
and that the system is available for com- 
mitment to operational status if required. 
Confidence tests may be performed either as 
off-line tests (i.e., while the system is on 
standby) or as on-line measurement tests 
(during system operation) to assess perform- 
ance quality. 

Configuration control-The systematic eval- 
uation, coordination, approval or disapproval, 
and implementation of all approved changes 
in the configuration of a configuration item 
after formal establishment of its configura- 
tion identification. 

Configuration identification-The current ap- 
proved  or conditionally  approved technical 

documentation for a configuration item as set 
forth in specifications, drawings and associ- 
ated lists, and documents referenced therein. 

Configuration item-An aggregation of hard- 
ware/software, or any of its discrete portions, 
which satisfies an end use function and is 
designated by the Government for configu- 
ration management. Configuration items may 
vary widely in complexity, size, and type, 
from an aircraft, an electronic or ship system 
to a test meter or round of ammunition. Dur- 
ing development and initial production, con- 
figuration items are only those specification 
items that are referenced directly in a con- 
tract (or an equivalent in-house agreement). 
During the deployment phase, any repairable 
item designated for separate procurement is 
a configuration item. 

Configuration management-A discipline ap- 
plying technical and administrative direction 
and surveillance to (a) identify and document 
the functional and physical characteristics of 
a configuration item, (b) control changes to 
those characteristics, and (c) record and re- 
port change processing and implementation 
status. 

Contract data requirements list (CDRL)-A 
listing (on DD Form 1423) of all technical 
data and information required to be delivered 
to the Government by the contractor. 

Contractor support-An arrangement during 
development or initial production of a sys- 
tem/equipment whereby the contractor is 
obligated to furnish to the Government items 
and services for the maintenance and support 
of the system/equipment. 

Coordinated test program-A section of a 
materiel development plan that presents a co- 
ordinated plan for the accomplishment of all 
development and operational testing. 

Corrective maintenance-That maintenance 
performed to restore an item to a satisfactory 
condition by providing correction of a 
malfunction that has caused degradation of 
the item below the specified performance. 
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Corrective maintenance action—Action re- 
quired to repair a single failure; comprised 
of all those individual maintenance tasks in- 
volved in the maintenance procedure (e.g., 
fault localization, isolation, repair, and check- 
out). 

Corrective maintenance time-The time that 
begins with the observance of a malfunction 
of an item and ends when the item is re- 
stored to a satisfactory operating condition. 
It may be subdivided into active maintenance 
time and nonactive maintenance time. It does 
not necessarily contribute to equipment or 
system downtime in cases of alternate modes 
of operation of redundancy. 

Cost-effectiveness —A condition that exists 
when a function or mission is accomplished 
in a manner that satisfies operational or oth- 
er applicable requirements at the lowest pos- 
sible cost. 

Debugging-A process of "shakedown oper- 
ation" of a finished equipment to identify and 
correct workmanship errors, defective parts, 
etc., which may have escaped the quality con- 
trol inspection procedures. Debugging usually 
is performed by the contractor prior to sub- 
mission to Government acceptance test and 
normally is not part of the acceptance test. 
The debugging process also is useful in de- 
velopment for the detection and correction 
of inherent weaknesses in system design pri- 
or to submissison for maintainability dem- 
onstration and design approval. 

Degradation failure-A failure that occurs as 
a result of a gradual or partial change in 
the characteristics of parts or materials (e.g., 
drift in electronic part characteristics, 
changes in lubricant with age, corrosion of 
metal). 

Delay time-The component of downtime dur- 
ing which no maintenance is being accom- 
plished on the item because of technician 
alert and response time, supply delay, or ad- 
ministrative reasons. 

Deployment phase-The fifth phase in the 
materiel life cycle. During this phase, weapon 
systems/equipment become part of the op- 
erational inventory. Some documents com- 
bine this phase with the production phase 
into a single production and deployment 
phase. 

Depot maintenance —Maintenance which is the 
responsibility of and performed by designated 
maintenance activities to augment stocks of 
serviceable materiel, and to support lower 
maintenance levels by the use of more ex- 
tensive shop facilities and equipment and 
personnel of higher skills than are available 
at lower levels. 

Design review—A multipurpose design veri- 
fication procedure and project management 
tool used to evaluate the cumulative results 
of all the constituent design verification cy- 
cles at each of several designated major mile- 
stones in the acquisition program, to provide 
adequate engineering basis for timely itera- 
tion in the total system engineering cycle. 

Developmental model-A model designed to 
meet performance requirements of the spec- 
ification or to establish technical require- 
ments for production equipment. This model 
need not have the required final form or nec- 
essarily contain parts of final design. It may 
be used to demonstrate the reproducibility 
of the equipment. 

Development plan—The controlling document 
for a materiel development effort. Its prep- 
aration is initiated during the conceptual 
phase, and. the plan is refined and updated 
throughout the development process and 
subsequently when product improvement or 
changes to the materiel system occur. 

Development Test I (DT 1)-A test conducted 
early in the development cycle, normally dur- 
ing the validation phase, to determine wheth- 
er or not materiel is ready to enter full-scale 
production. 
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Development Test II (DT 11)-A test conducted 
to determine whether or not materiel is ready 
for production. 

Development Test HI (DT 111)-A test con- 
ducted on materiel from the initial produc- 
tion run to verify specification compliance. 

Development testing-A series of materiel tests 
conducted by the Army developer, with or 
without contractor assistance, to assess pro- 
gram technical risks, demonstrate that en- 
gineering design is complete and acceptable, 
determine the extent of design risks, deter- 
mine specification compliance, and assess 
production requirements. 

Deviation—A specific written authorization, 
granted prior to the manufacture of an item, 
to depart from a particular performance or 
design requirement of a contract, specifica- 
tion, or referenced document, for a specific 
number of units and/or specific period of 
time. A deviation differs from an engineerng 
change in that an approved engineering 
change requires corresponding revision of the 

documentation defining  the affected item, 
whereas  a deviation does not contemplate 
revision of the  applicable  specification or 
drawing. 

Direct maintenance resources—The time (in 
man-hours) and material (in dollars) ex- 
pended directly on the item being maintained 
during the period of active maintenance. 

Direct support maintenance-Maintenance nor- 
mally authorized and performed by desig- 
nated maintenance activities in direct sup- 
port of using organizations. 

Discard-at-failure maintenance—Maintenance 
accomplished by replacing and discarding a 
failed assembly, subassembly, module, or 
piece part. The term normally is associated 
with modules. 

Disposal phase-The last phase of the system 
life cycle in which action is taken to provide 
for the systematic removal and disposal of 
materiel from the operational inventory. 

Durability-A measure of the capability of 
materiel to meet or exceed its service life, 
or the time to a planned overhaul or rebuild. 

Ease of maintenance-The degree of facility 
with which equipment can be retained in or 
restored to operation. It is a function of the 
rapidity with which maintenance operations 
can be performed to avert malfunctions or 
correct them if they occur. Ease of main- 
tenance is enhanced by any consideration 
that will reduce the time and effort necessary 
to maintain equipment at peak operating effi- 
ciency. 

End item-A combination of components, as- 
semblies, and/or parts which is ready for its 
intended use. This will include complete sys- 
tems as well as individual items; e.g., missile 
systems, aircraft with armament subsystems, 
a tank with radio set, an individual radio 
set, and generator. 

Engineering change proposal (ECP)-A pro- 
posal to change the design or engineering 
features of materiel undergoing development 
or production. 

Engineering release-The act of approval 
which establishes a document as the ap- 
proved Government standard, specification, 
or drawing for identification, development, 
production, or acceptance of an item or sys- 
tem of equipment. 

Equipment- One or more units and necessary 
assemblies, subassemblies, and parts, con- 
nected or associated together and including 
all necessary interconnecting cabling, hy- 
draulic lines, accessories, etc., to perform an 
operational function (e.g., radio receiving set, 
missile, radar set). An equipment normally 
is not a replaceable item. 

Equipment publications-Those publications 
dealing with the installation, operation, 
maintenance, and repair part support of 
Army materiel. Technical Manuals, Technical 
Bulletins, Lubrication Orders, and Modi- 
fication Work Orders are the Department of 
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the Army publication media used to provide 
these essential instructions for the major 
items of equipment. 

Facility-A physical plant, such as real estate 
and improvements thereto, including 
buildings and equipment, which provides the 
means for assisting or making easier the per- 
formance of a function. Any part or adjunct 
of a physical plant or any item of equipment 
which is an operating entity and which con- 
tributes or can contribute to the execution 
of a function by providing some specific type 
of physical assistance. 

Failure-Cessation of ability to perform a spec- 
ified function within previously established 
or specified limits. A failure is a malfunction 
that cannnot be adjusted by the operator by 
means of controls normally accessible to him 
during the routine operation of the device. 

Failure analysis-The logical, systematic exam- 
ination of an item to identify and diagnose 
the cause of observed failures. 

Failure mechanism-A basic physical process 
or change which is responsible for the ob- 
served failure mode; the process of degrada- 
tion or the chain of events which results in 
a particular failure mode. 

Failure mode—A particular way in which fail- 
ures occur, independent of the reason for fail- 
ure; the condition or state which is the end 
result of a particular failure mechanism. 

Failure mode and effects analysis (FMEA) 
The analysis of design to determine all pos- 
sible ways in which failure can occur, to 
identify causes of failure, and to describe the 
consequences of failure on system perform- 
ance. 

Failure rate-The number of failures of an item 
per unit measure of life (cycles, time, miles, 
events, etc., as applicable). 

Fault correction time-That element of active 
repair time required under a specified main- 
tenance philosophy to correct the malfunc- 
tion. It may consist of correcting the 
malfunction with the faulty item in place, 
removing and replacing the item with a like 
serviceable item, or removing the item for 
corrective maintenance and reinstalling the 
same item. 

Fault detection time-Time between the occur- 
rence of a failure and the point at which 
it is recognized that the system or equipment 
does not respond to operational demand dur- 
ing the mission sequence. 

Fault isolation-See: Malfunction isolation. 

Fault localization-See: 
ization. 

Malfunction  local- 

Fault location time-The portion of active re- 
pair time required to test and analyze and 
isolate an equipment malfunction. 

Field maintenance-Maintenance authorized 
and performed by designated maintenance 
activities in direct support of using organi- 
zations. 

Formal demonstration phase-A period of time 
during which maintainability demonstration 
tests are performed and data are acquired 
and analyzed, to determine conformance with 
specified requirements. 

Full-scale development phase—The third phase 
in the materiel life cycle. During this phase, 
a system, including all items necessary for 
its support, is fully developed and engineered, 
fabricated, tested, and initially type- 
classified. Concurrently, nonmateriel aspects 
required to field an integrated system are 
refined and finalized. 

Functional baseline-See. Baseline. 

General-purpose test equipment-A category 
of test equipment, normally available in the 
supply system or from commercial stock, 
that can be used to test more than one sys- 
tem or equipment type. 
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General support maintenance —Maintenance 
authorized and performed by designated or- 
ganizations in support of the Army supply 
system. 

Hardware-See: Materiel. 

Interchangeability-A condition that exists 
when two or more items have such functional 
and physical characteristics as to be equiv- 
alent in performance and durability and ca- 
pable of being exchanged one for the other 
without alteration to the items or the end 
item. 

Human engineering-The area of human fac- 
tors which applies scientific knowledge to the 
design of items to achieve effective 
madmachine integration, operation, and 
maintenance. 

Human factors-Human psychological charac- 
teristics relative to complex systems and the 
development and application of principles and 
procedures for accomplishing optimum 
madmachine integration and utilization. The 
term is used in a broad sense to cover all 
biomedical and psychosocial considerations 
pertaining to man in the system. 

Indirect maintenance resources-That time in 
man-hours and material in dollars which, 
while not directly expended in active main- 
tenance tasks, contributes to the overall 
maintenance mission, through the support of 
overhead operations, administration, 
accumulation of facility records and 
statistics, supervision, and facility upkeep. 

Individual corrective maintenance task time 
Mct.-Time required to complete an individual 

maintenance task  or an  individual  mainte- 
nance action. 

Inherent availability-The probability that 
materiel, when used under stated conditions 
in an ideal support environment (e.g., avail- 
able tools, repair parts, and manpower), will 
operate satisfactorily at any given time. It 
excludes preventive maintenance actions, 
supply time, and administrative downtime. 

In-process review (IPR)-A review of a 
nonmajor program conducted at critical 
points in a materiel development cycle to 
evaluate military utility, accomplish effective 
coordination, and facilitate proper and timely 
decisions. 

Integrated logistic support-A composite of all 
support considerations necessary to assure 
the effective and economical support of 
materiel for its life cycle. It is an integral 
part of all other aspects of materiel acquisi- 
tion and operation. Integrated logistic sup- 
port is characterized by harmony and 
coherence among materiel design and the 
planning and acquisition actions, as appro- 
priate, associated with: 

a. The maintenance plan 
b. Support and test equipment 
c. Supply support 
d. Transportation and handling 
e. Technical data 
/ Facilities 
g.  Personnel and training 
h.  Logistic .supportresource funds 

2.  Logistic  support management  informa- 
tion. 

Intermediate maintenance— See: Field mainte- 
nance. 

Isolation level-The functional level to which 
a failure can be isolated by the use of ac- 
cessory test equipment at designated points. 

Item obtainment time—The time required for 
the technician to obtain replacement parts, 
assemblies, or units, depending on the main- 
tenance concept and the location and method 
of storing the supply items. 

Life cycle—The life cycle embraces all phases 
through which materiel passes from the con- 
ceptual phase through the disposal phase. 

Life cycle costs-The sum of the funds ex- 
pended during the life cycle of materiel for 
development, test, procurement, operation, 
and support. 
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Life cycle maintenance (support) cost-The to- 
tal cost of item maintenance during its useful 
life, including organizational, intermediate, 
depot, and contractor maintenance, repair 
part provisioning, test equipment, mainte- 
nance personnel salaries and subsistence, 
training, etc. 

Logistic support analysis (LSA) -A process by 
which the logistic support necessary for a 
new system/equipment is identified. It in- 
cludes the determination and establishment 
of logistic support design constraints, consid- 
eration of those constraints in the design of 
the "hardware" portion of the system, and 
analysis of the design to validate the logistic 
support feasibility of the design and to iden- 
tify and document the logistic support 
resources which must be provided, as a part 
of the system/equipment, to the operating 
and support forces. Analytical techniques 
used to determine limited aspects of logistic 
support requirements are a part of the over- 
all LSA process. Generally, logistic support 
analysis and maintenance engineering 
analysis functions are identical. 

Logistic support analysis record (LSAR)-The 
final documentation of the logistic support 
analysis, recorded in deliverable form, that 
is the basic source of data related to the 
maintenance and logistic support for a spe- 
cific item. 

Logistic system, Army-A composite of the en- 
tire logistic activity of the Army at all levels. 

Logistic time-The portion of downtime attrib- 
utable to delay in the acquisition of replace-' 
ment parts. 

Logistics-Those aspects of military operations 
which deal with (a) design and development, 
acquisition, storage, movement, distribution, 
maintenance, evacuation, and disposal of 
materiel; (b) movement, evacuation, and hos- 
pitalization of personnel; (c) acquisition or 
construction, maintenance, operation, and 
disposition of facilities; and (d) acquisition 
or furnishing of services. 

Maintainability-A measure of the ease and 
rapidity with which a system or equipment 
can be restored to operational status follow- 
ing a failure. It is a characteristic of equip- 
ment design and installation, personnel avail- 
ability in the required skill levels, adequacy 
of maintenance procedures and test equip- 
ment, and the physical environment under 
which maintenance is performed. Main- 
tainability is expressed as the probability 
that an item will be retained in or restored 
to a specified condition within a given period 
of time, when the maintenance is performed 
in accordance with prescribed procedures and 
resources. 

Maintainability analysis-The formal proce- 
dure for evaluating system and equipment 
design, using prediction techniques, failure 
mode and effect analysis procedures, and de- 
sign data, to evolve a comprehensive quan- 
titative description of maintainability design 
status, problem areas, and corrective action 
requirements. 

Maintainability data- Data (other than admin- 
istrative data) resulting from the perform- 
ance of maintainability tasks in direct sup- 
port of an equipment or system acquisition 
program. 

Maintainability demonstration tests-Govern- 
ment acceptance tests (performed by the con- 
tractor), usually at the equipment or subsys- 
tem level, for the major items which will 
comprise the integrated system to demon- 
strate conformance with specified quanti- 
tative maintainability requirements. 

Maintainability engineering—The engineering 
discipline which formulates an acceptable 
combination of design features, repair pol- 
icies, and maintenance resources, to achieve 
a specified level of maintainability, as an op- 
erational requirement at optimum life cycle 
costs. 

Maintenance-All actions necessary for retain- 
ing an item in or restoring it to a serviceable 
condition. Maintenance includes servicing, re- 
pair, modification, modernization, overhaul, 
inspection, and condition determination. 
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Maintenance allocation chart (MAC)-A list- 
ing of maintenance operations applicable to 
an item of equipment with an indication of 
the lowest category of maintenance to which 
each operation is allocated. This chart will 
cover the major end item and accessories 
issued with the end item. 

Maintenance analysis-The process of identi- 
fying required maintenance functions 
through analysis of a fixed or assumed design 
and determining the most effective means of 
accomplishing these functions. 

Maintenance category —See: Maintenance lev- 
el. 

Maintenance concept-A description of the 
planned general scheme for maintenance and 
support of an item in the operational envi- 
ronment. The maintenance concept provides 
the practical basis for design, layout, and 
packaging of the system and its test equip- 
ment and establishes the scope of mainte- 
nance responsibility for each level of main- 
tenance and the personnel resources (main- 
tenance manning and skill levels) required 
to maintain the system. 

Maintenance downtime rate MDT-Equipment 
downtime per operating hour, comprised of 
downtime due to corrective maintenance and 
downtime required for preventive mainte- 
nance 

Maintenance engineering-The application of 
techniques, engineering skills, and effort dur- 
ing the life cycle of materiel to insure the 
planning and implementation of an effective 
integrated logistic support program. 

Maintenance engineering analysis-That part 
of the  system  engineering analysis process 
that is devoted to integrated logistic support. 
Maintenance  engineering   analysis  is  con- 
ducted throughout the life cycle of materiel 
and provides data required to: 
a.  Identify  materiel  design  features that 

contribute to the ease and economy of 
logistic support 

b. Establish cost-effective logistic support 
concepts and plans 

c. Determine logistic support requirements 
d. Identify, plan, and monitor the acquisi- 

tion of resources that satisfy logistic sup- 
port requirements. 

Generally, maintenance engineering analysis 
and logistic support analysis functions are 
identical. 

Maintenance environment—See: Operational 
environment. 

Maintenance evaluation-A phase of mainte- 
nance support planning that begins in the 
conceptual phase and is completed prior to 
quantity production or procurement of the 
item for its initial entry into the Army in- 
ventory. It consists of maintenance engineer- 
ing analysis, including teardown and test 
when necessary, of early production proto- 
type and/or development models by mainte- 
nance engineers for the purpose of determin- 
ing the most feasible method of supporting 
the equipment, determining the definitive re- 
quirements for support resources, completing 
maintainability analysis of selected equip- 
ments at the time of each in-process review, 
allocating maintenance operations to the ap- 
propriate maintenance levels, and detecting 
the maintenance parameters that have a fa- 
vorable impact upon maintenance and, as a 
result, recommending design changes. 

Maintenance factor-A factor used to indicate 
the number of expected failures of a repair 
part, expressed in the number of failures per 
100 end items per year. 

Maintenance float-End items or components 
of equipment authorized for stockage at in- 
stallations or activities for replacement of 
unserviceable items of equipment when im- 
mediate repair of the unserviceable equip- 
ment cannot be accomplished by the support 
maintenance activity. Maintenance float in- 
cludes both operational readiness float and 
repair cycle float: 

Operational readiness float -End items or 
major components of mission essential, main- 
tenance significant equipment authorized for 
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stockage, normally by field maintenance 
units, or activities, to replace unserviceable 
equipment to meet operational commitments. 
Repair cycle &at—An additional quantity 

of principal items of mission essential, main- 
tenance significant equipment stocked at the 
depot level, to permit withdrawal of equip- 
ment from organizations for scheduled over- 
haul without detracting from the readiness 
of the unit. The float is used to cover equip- 
ments awaiting overhaul, in the overhaul pro- 
cess, and in transit to and from depot over- 
haul. 

Maintenance functions-Actions that must be 
accomplished for a system or system element 
in order to return a failed system element 
to readiness (corrective maintenance func- 
tions) or to insure continuing normal system 
readiness (preventive maintenance functions). 

Maintenance level—One of several organiza- 
tional entities to which materiel maintenance 
functions may be assigned. The maintenance 
levels are organizational, direct support, gen- 
eral support, and depot. The direct and gen- 
eral support levels sometimes are combined 
into intermediate or field level. 

Maintenance parameter—A design feature that 
impacts support resource requirements. 
These features may be related to reliability, 
maintainability, human factors, safety, 
and/or transportability. 

Maintenance plan—A part of the plan for 
logistic support. The maintenance plan con- 
tains conditions of materiel utilization, 
reliability and maintainability requirements, 
the maintenance concept, a definition of the 
using and support organizations, mainte- 
nance test and physical teardown informa- 
tion, and a maintenance allocation chart. 

Maintenance requirement card (MRC) —A 
card prepared to cover a specific planned 
maintenance action which contains the min- 
imum required scheduling information and 
the step-by-step sequence for accom- 
plishment. 

Maintenance resources-See: Support subsys- 
tem. 

Maintenance task-Any action or actions re- 
quired to preclude the occurrence of a 
malfunction or to restore an equipment to 
satisfactory operating condition. 

Major program-A designation assigned to a 
materiel acquisition program that requires it 
to be guided by decisions at the Secretary 
of Defense and/or Secretary of the 
Army/Chief of Staff level. 

Malfunction-A general term that denotes the 
failure of a product to give satisfactory per- 
formance. It need not constitute a failure if 
readjustment of operator controls can restore 
an acceptable operating condition. 

Malfunction isolation —An extension of 
malfunction localization wherein the exact 
cause of a malfunction is determined. 

Malfunction localization —A madmachine task 
to determine which major unit of equipment 
is at fault. 

Marginal testing-A procedure for system 
checking which indicates when some portion 
of the system has deteriorated to the point 
where there is a high probability of a system 
failure during the next operating period. 

Material-Inventory goods on which manufac- 
turing or processing must be done prior to 
sale or use. 

Materiel-All tangible items (including ships, 
tanks, self-propelled weapons, aircraft, etc., 
and related repair parts and support equip- 
ment, but excluding real property, install- 
ations, and utilities) necessary to equip, op- 
erate, maintain, and support military activ- 
ities without distinction as to application for 
administrative or combat purposes. 

Maximum time to repair M,„„.,_,-The max- 
imum time required to complete a specified 
percentage of all maintenance actions. 
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Mean-A quantity representing the average of 
two or more other quantities, arrived at by 
adding the quantities together and dividing 
by their number. Also called "arithmetic 
mean". 

Mean corrective maintenance time Mct—The 
mean time required to complete a mainte- 
nance action (i.e., total maintenance down- 
time divided by total maintenance actions) 
over a given period of time. Mean time to 
repair (often denoted as MTTR) is the sum 
of all maintenance downtime during a given 
period divided by the number of maintenance 
actions during the same period of time. 

Mean preventive maintenance time Mpt—The 
mean (or average) equipment downtime re- 
quired to perform scheduled preventive main- 
tenance on the item, excluding any pre- 
ventive maintenance time expended on the 
equipment during operation and excluding 
administrative and logistic downtime. 

Mean time between failures (MTBF)-The to- 
tal functioning life of a population of an item 
divided by the total number of failures within 
the population during the measurement inter- 
val. The definition holds for time, cycles, 
miles, events, or other measures of life units. 

Mean time to repair-See: Mean corrective 
maintenance time. 

Median corrective maintenance time Mct—The 
downtime within which 50 percent of all cor- 
rective maintenance actions can be completed 
under the specified maintenance conditions. 

Median preventive maintenance time M^-The 
equipment downtime required to perform 50 
percent of ail scheduled preventive mainte- 
nance actions on the equipment under the 
specified conditions. 

Mission essential materiel-That materiel as- 
signed to strategic, tactical, general-purpose, 
or defense forces which is to be used by such 
forces to destroy the enemy or his capacity 
to continue war; to provide battlefield protec- 
tion of personnel; to communicate under war 

conditions; to detect or locate the enemy; or 
to permit combat transportation and support 
of men and materiel. 

Modification-A major or minor change in the 
design of an item of materiel, performed to 
correct a deficiency, to facilitate production, 
or to improve operational effectiveness. 

Modification work order (MWO)-An official 
Department of the Army publication pro- 
viding authentic and uniform instructions for 
the accomplishment of alteration and/or 
modification of materiel, and authority to 
perform the modification. 

Module-A part, subassembly, assembly, or 
component designed to be handled as a single 
unit to facilitate supply and installation, op- 
erations, and/or maintenance. It either can 
be repairable or nonrepairable (discard-at- 
failure). 

National Inventory Control Point (NICP)-An 
organizational segment, within the overall 
supply system 0f a commodity command, to 
which has been assigned responsibility for in- 
tegrated materiel inventory management of 
a group of items. 

National Maintenance Point (NMP)-The des- 
ignated organizational element responsible 
for assigned maintenance functions of an 
Army agency charged with materiel devel- 
opment production, maintenance engmeer" 
xng' and management of appropriate mam" 
Wance services for all applicable assigned 
commodity groups. 

New-equipment training —All training for ini- 
tial transfer of knowledge from the materiel 
developer to the user. This knowledge is need- 
ed to establish a training base or training 
capability for new or modified sys- 
tems/equipment in major Army commands. 

Nonactive maintenance time-The time during 
which no maintenance can be accomplished 
on the item because of administrative or 
logistic reasons. 
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Nonmajor program-A materiel acquisition 
program in which the Army Materiel Com- 
mand normally has final decision-making au- 
thority. However, in some cases, this author- 
ity is retained by the Department of the 
Army Headquarters. 

Operation profile-Various equipment status 
phases; i.e., calendar time, inactive time, de- 
mand usage time, operating time, and down- 
time. 

Operational availability-The probability that 
materiel, when used under stated conditions 
in an actual operational environment, will op- 
erate satisfactorily when called upon. 

Operational environment-A composite of all 
tangible and intangible factors that have an 
impact upon the operation and maintenance 
of materiel. It includes weather, terrain, hos- 
tile action, personnel fatigue, logistics, etc. 

Operational factors-Various factors, gener- 
ated by the operational concept, which enter 
into or affect the mission accomplishment. 
Among these factors are the number of vehi- 
cles, the in- and out-of-commision rates, 
availability requirements, combat readiness, 
and training requirements. 

Operational parameter-Any operational re- 
quirement such as range, payload, avail- 
ability, speed, and weight. 

Operational readiness (OR)-The probability 
that, at any given time, a system or equip- 
ment is either operating satisfactorily or is 
ready to be placed in operation on demand 
when used under stated conditions, including 
stated allowable warning time. Thus, total 
calendar time is the basis for computation 
of operational readiness. 

Operational test I (OT 1)-A test to assist in 
determining whether or not materiel should 
enter full-scale development. 

Operational test II (OT 11)-A test accom- 
plished prior to the production decision to 
assess materiel operational suitability and ef- 
fectiveness. 

Operational test III (OT 111)-A test accom- 
plished with early production materiel to 
assess operational effectiveness, determine 
operational suitability, optimize organization, 
doctrine, and tactics, and validate training 
and logistic requirements. 

Operational testing-A series of tests con- 
ducted by the designated user to determine 
operational effectiveness, suitability, and mil- 
itary desirability of materiel and the ade- 
quacy of the organization, doctrine, and tac- 
tics proposed for use. 

Organizational maintenance-That mainte- 
nance which a using organization performs 
on its own equipment. This includes inspec- 
tion, cleaning, servicing, preservation, lubri- 
cation, adjustment, minor repair not requir- 
ing detailed disassembly, and replacement 
not requiring high technical skill. 

Packaging-A materiel design feature per- 
taining to the manner in which mechanical 
and electrical components are grouped into 
subassemblies, assemblies, modules, etc.; ap- 
plication or use of appropriate wrappings, 
cushioning, interior containers, and complete 
identification marking up to but not in- 
cluding the exterior shipping container. 

Plan for logistic support-A major section of 
a materiel development plan that deals with 
all aspects of materiel support planning. 

Predemonstration phase-A period of time im- 
mediately prior to commencement of formal 
maintainability demonstration during which 
the test team, facilities, and support materiel 
are assembled. 

Preliminary  maintenance   allocation  chart 
(PMAC)-A group of four charts prepared for 

materiel to indicate the authorized scope of 
repair parts and the degree of maintenance 
to be performed by each maintenance level. 

Preparation time-The portion of active repair 
time required to obtain necessary test equip- 
ment and maintenance manuals, and set up 
the necessary equipment in preparation for 
fault location. 
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Preventive maintenance—The actions per- 
formed to retain an item at a specified level 
of performance by providing systematic in- 
spection, detection, and prevention of impen- 
ding failures. 

Product baseline-See: Baseline. 

maintain an end item of materiel for an ini- 
tial period of service. It includes the 
identification of items of supply, the estab- 
lishment of data for catalog, technical man- 
ual, and allowance list preparation, and the 
preparation of instructions to assure delivery 
of necessary support items with related end 
items. 

Production model—A model in its final me- 
chanical and electrical form of final produc- 
tion design made by production tools, jigs, 
fixtures, and methods. 

Production phase—The fourth phase in the 
materiel life cycle. During this phase, all 
hardware, software, and trained personnel re- 
quired to deploy an operational system are 
acquired. Some documents combine this 
phase with the deployment phase into a sing- 
le production and deployment phase. 

Project management—A concept for the tech- 
nical, business, and administrative manage- 
ment of a specified project based on the use 
of a designated, centralized management au- 
thority who is responsible for planning, di- 
recting, and controlling all phases of re- 
search, development, and initial procurement, 
production, distribution, and logistic support 
for the purpose of providing a balanced pro- 
gram to accomplish the stated project objec- 
tives. 

Project manager—An individual designated by 
the Secretary of the Army who is assigned 
the responsibility and delegated the full line 
authority for the centralized management of 
a specific project. 

Prototype model—A model suitable for com- 
plete evaluation of mechanical and electrical 
form, design, and performance. It is in final 
mechanical and electrical form, uses ap- 
proved parts, and is completely representa- 
tive of final equipment. 

Provisioning —The process of determining the 
range and quantity of items (i.e., repair 
parts, special tools, test equipment, and sup- 
port  equipment) required   to  support  and 

Qualitative maintainability requirement-A 
maintainability requirement expressed in 
qualitative terms; e.g., minimize complexity, 
design for minimum number of tools and test 
equipment, design for optimum accessibility. 

Quantitative maintainability requirement-A 
requirement expressed in quantitative terms; 
i.e., a figure of merit or in measurable units 
of time or resources required to accomplish 
a specific maintenance task or group of tasks 
in relation to the applicable performance re- 
quirements (reaction time, availabilities, 
downtime, repair time, turnaround time, 
etc.). 

Random failure-A failure whose failure rate 
is constant and therefore follows the ex- 
ponential density function and whose occur- 
rence within any given interval of time there- 
fore is unpredictable. 

Reaction time-The time required to reach full 
operational capability from secure (equip- 
ment off) status following an alert command. 

Ready time-The period of time during a mis- 
sion when the item is available for operation 
but is not required. 

Reassembly-A technician task for replacement 
of items removed to gain access to facilitate 
repair, and for closing the equipment for 
return to service. 

Rebuild-To restore to a condition comparable 
to new by disassembling the item to deter- 
mine the condition of each of its component 
parts, and reassembling it, using serviceable, 
rebuilt, or new assemblies, subassemblies, 
and parts. 
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Redundancy—The existence of more than one 
means for accomplishing a given task, when 
all means must fail before there is an overall 
failure of the system. Parallel redundancy 
applies to systems wherein both means are 
working at the same time to accomplish the 
task and either of the systems is capable of 
handling the job itself in case of failure of 
the other system. Standby redundancy ap- 
plies to a system when there is an alternate 
means of accomplishing the task that is 
switched in by a malfunction-sensing device 
when the primary system fails. 

Reliability-The probability that an item will 
perform its intended function for a specified 
interval under stated conditions. 

Repair—The process of returning an item to 
a specified condition, including preparation, 
fault location, item procurement, fault cor- 
rection, adjustment and calibration, and final 
test. 

Replacement schedule-The specified periods 
when items of operating equipment are to 
be replaced. Replacement means removal of 
items aproaching the end of their maximum 
useful life, or the time interval specified for 
item overhaul or rework, and installation of 
a seviceable item in its place. 

Request for proposal (RFP)-Documentation 
delivered by the Government to*a contractor 
which describes a task to be accomplished, 
provides appropriate background information 
and constraints, and requests the contractor 
to submit a proposal to accomplish the task. 
The proposal is requested in a prescribed for- 
mat that normally requires a contractor plan, 
costs, statement of capabilities, etc. 

Retest phase —A period of time following a 
formal maintainability demonstration test for 
repeat tests in the event of a reject decision, 
or for the purpose of collecting data on un- 
tested maintenance actions. 

Service life-The period of time during which 
an item can remain in the operational in- 
ventory under specified conditions of use and 
maintenance. 

Serviceability-The design, configuration, and 
installation features that will minimize pe- 
riodic or preventive maintenance require- 
ments, including the use of special tools, sup- 
port equipment, skills, and manpower, and 
enhance the ease of performance of such 
maintenance, including inspection and serv- 
icing. 

Servicing —The performance of any act (other 
than preventive or corrective maintenance), 
such as lubrication, fueling, oiling, cleaning, 
etc., required to keep an item of equipment 
in operating condition. This does not include 
periodic replacement of parts or any correc- 
tive maintenance tasks. 

Shelf life—The period of time during which an 
item can remain in storage without loss of 
performance capability or reliability. 

Skill level—The classification system used to 
rate personnel as to their relative abilities 
to perform their assigned jobs. 

Software—That portion of the support subsys- 
tem required in addition to personnel and 
hardware. Software includes technical data, 
computer programs and tapes, training docu- 
ments, etc. 

Standardization—The process of establishing, 
by common agreement, engineering criteria, 
terms, principles, practices, materials, items, 
processes, equipments, parts, subassemblies, 
and assemblies to achieve the greatest prac- 
ticable uniformity of items of supply and en- 
gineering practices; to insure the minimum 
feasible variety of such items and practices; 
and to effect optimum interchangeability of 
equipment parts and components. 

Supply delay time —The portion of delay time 
during which a needed item is being obtained 
from other than the designated organiza- 
tional stockroom. 

Support cost—The total cost of ownership, ex- 
cluding operating crews and using personnel, 
of an item during its operational life, in- 
cluding the total impact of requirements for 
skill levels, technical  data, test equipment, 
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repair parts, special tools, operational and 
maintenance equipment, facilities, levels and 
location of maintenance facilities, manpower, 
training, and training equipment. 

Support equipment-Items necessary for the 
maintenance or operation of the system 
which are not physically part of the system. 

Support parameter—Any of the several cate- 
gories of support resources, such as person- 
nel, repair parts, and facilities, required to 
support materiel. 

Support profile —A composite summary of all 
data and information on support concepts 
and characteristics, including logistic burden, 
task and skill requirements, and other factors 
that will indicate the total impact of support 
parameters applicable to specific conceptual 
or technological approaches or system and 
equipment configuration. 

Support resources-See: Support subsystem. 

Support subsystem —That portion of a weapon 
system which consists of tools, test equip- 
ment, repair parts, trained personnel, tech- 
nical documentation, facilities, etc., and sim- 
ilar indirect support resources. 

Support synthesis —The assembly of support 
activities, which are feasible at various main- 
tenance levels, into complete support con- 
cepts. 

Supportability-A measure of the capability of 
materiel to be supported easily and econom- 
ically. 

System-See: Weapon system. 

System effectiveness (SE)—The probability 
that a system successfully can meet an op- 
erational demand within a given time when 
operated under specified conditions. 

System engineering—The application of scien- 
tific and engineering knowledge to the plan- 
ning, design, construction, and evaluation of 
madmachine systems and components. It in- 
cludes the overall consideration of possible 
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methods for accomplishing a desired result, 
determination of technical specification, iden- 
tification and solution of interfaces among 
parts of the system, development of coordi- 
nated test programs, assessment of data, in- 
tegrated logistic support planning, and su- 
pervision of design work. 

Task and skill analyses-The process of 
analyzing materiel, hardware, items, or sys- 
tems to identify all tasks necessary for prop- 
er operation, maintenance, and repair of 
materiel in accordance with the mission, em- 
ployment doctrine, and support concept. The 
process includes an analysis of tasks to pro- 
vide specified data, such as skill demand, fre- 
quency, date by which personnel will be re- 
quired, location, etc., and a description of the 
task steps required to complete the perform- 
ance of the task. 

Task data—The data which describe a task and 
the data, obtained through task analysis, 
which modify or qualify the task. Task data 
may be needed for achieving all the human 
factor objectives. Task data are useful for 
human factors engineering, training, design 
or training devices, analysis of organization 
of personnel requirements (including quali- 
tative and quantitative personnel require- 
ment information), technical manuals, and 
human factor test and evaluation. 

Technician delay time —The delay time in- 
curred during a maintenance task because 
of supply or administrative reasons. 

Test—A process by which data are accumulated 
to serve as a basis for assessing the degree 
that an item or system meets, exceeds, or 
fails to meet the technical or operational 
properties required of the system. 

Test and checkout level-The functional level 
at which restoration to normal services is to 
be verified by the use of self-test or other 
testing facilities. 

Test,  Measurement,   and Diagnostic Equip- 
ment (TMDE)-Any system or device used to 

evaluate the operational condition of materiel 
to identify and/or isolate any actual or poten- 
tial malfunction. 

G-14 



AMCP 706-132 

Test point-A convenient and safe access to 
functional portions of materiel which is to 
be used so that a significant quantity can 
be measured or introduced to facilitate main- 
tenance, repair, calibration, alignment, or 
monitoring. 

Tolerance failure-A system or equipment fail- 
ure resulting from multiple drift and in- 
stability problems, even though part failures 
may not have occurred. Tolerance failure rate 
increases as a function of system complexity. 

Total downtime-The portion of calendar time 
during which a system is not in condition 
to perform its intended function; includes ac- 
tive maintenance (preventive and corrective), 
supply downtime due to unavailability of 
needed items, and waiting and administrative 
time. 

Trade-off-A comparison of two or more ways 
of doing something in order to make a 
decision. Decision criteria normally are quan- 
titative . 

Transportability-The inherent capability of 
materiel to be moved by towing, self- 
propulsion, or by carrier via railways, high- 
ways, waterways, ocean, and airways. 

Troubleshooting-Identifying materiel malfunc- 
tion symptoms and localizing and isolating 
the cause of the malfunction. 

Turnaround time —The portion of maintenance 
time needed to service or check out-an item 
prior to recommitment. 

Type classification-Action required for the 
purpose of providing a basis upon which to 
judge the current qualitative adequacy of 
Army materiel; to record the  status of an 

item in relation to its overall life history; 
and to plan and carry out its procurement, 
issue, maintenance, and disposal. 

Useful life-The total operating time in which 
an item remains operationally effective and 
economically useful before wearout. 

Validation phase-The second phase in the 
materiel life cycle. This phase consists of 
those steps necessary to resolve or minimize 
special logistic problems identified during the 
conceptual phase, verify preliminary design 
and engineering, accomplish necessary plan- 
ning, fully analyze trade-off proposals, and 
prepare contracts as required for full-scale 
development. 

Weapon system-A weapon and those compo- 
nents required for its direct operation and 
maintenance. The complete weapon system 
includes the related facilities, materiel, serv- 
ices, and personnel required to make it self- 
sufficient in its operational environment. 

Wearout failure-A failure that occurs as a 
result of deterioration or mechanical wear 
and whose probability of occurrence increases 
with time. Wearout failures occur generally 
near the end of the life of an item and usu- 
ally are characterized by chemical or me- 
chanical changes. These failures frequently 
can be prevented by adopting an appropriate 
replacement policy based on the known wear- 
out characteristics of the item. 

Work breakdown structure - A product- 
oriented family tree, composed of hardware, 
software, and services and other work tasks, 
which results from project engineering effort 
during the development and follow on pro- 
duction of a defense materiel item, and which 
completely defines the project/program. 
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