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- 4 Summary. This pamphlet covers the method and procedures for performing
religbility-centered maintenanze (RCM). It is to be ugsed with MIL-STD 1388-2A
for developmental items or by itself for fielded equipment.

Applicability. This pamphlet applies to all U,S. Army Materie. Cornand (4MC)

o0 wa jor subordinate commands (MSCs) having responsibility for research, develop-
o9 ment, acquisiticn, management, and maintenance of Army materiel throughout the
N system/equipment life cycl:,
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Foreword

With the emergence of the boeing 747 aircraft, the US airlines determined that
afrcraft maintenance would require considerable change from that required for
prior equipment due to immense scheduled maintenance cost increases, Therefore,
the airline operators collectively organized a study group in July 1968 to layout
methodology to resolve the problem. The first group was referred to as
Maintenance Steering Group Mo. 1 (MSG-1)}.

As more wide-body aircraft such as the L1011 and DC~10 emerged, the airlines
continued to update their maintenance program efforts., The second effort was
referred to as M5G-2. A third document, MSG-3, was developed to incorporate
maintenance task analysis including frequency. This approach to maintenance
enabled the airlines to realize major reductions in overall operations and
support costs, with no degradation in reliability or safety.

Througk the issuance of Program Objective Memorandum (POM) 78-82, the Army
estabiished the requirement that the MS5G-2 concept, under the title Reliability
Centered Maintenance (RCM), be incorporated on all Army weapon systems/
equipment.,

This pamphlet has been written to help you prepare and implement the RCHM
program as directed in the policies of DOD D 4151.16, AR 750-1, AR 700-127,

AR 70-1, and MIL-STDs-1383. Through the proper use of RCM procedures, a vidbie
and r231istic scheduled maintenance program can be developed.
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\, CHAPTER 1
| INTRODUCT 10N

1-1. Purpose. This pamphlet is a guide for Army representatives and contractors
4ho write and develop a detailed maintenance plan for system/equipment using the
Reliability=Centered Maintenance (RCM) philosophy. It explains in detail how

to use the RCM logic and the failure mode, effects and criticaiity analysis
(FMECA) to develop a scheduled maintenance plan which includes the maintenance
task and the maintenance °nterval for preventive maintenance checks and services
(PMCS) and provides inforration for overhaul, age exploration, economic analysis,
and redesign.

1-2. Referen;}s. Required and related publications are listed in appendix A.
1-3. Explap&iion of abbreviations and terms. Abbreviations and special terms
used in this pamphlet are explained in the glossary.

1-4. g6§r role in developing the Maintenance Plan.

a. RCM analysis is used to obtain the detailed maintenance plan which
provides the basis for the scheduled maintenance workload for the system/ ,
equipment, It is an integral component of Logistic Support Analysis {LSA) and
continues for the 1ife cycie of the equipment/system,éﬁR 700-127).

b. You, as the Army representative, should ensure that the RCM requiremonts
appear in the Integrated Logistic Support Plan (ILSP) of the program management
document (PMD) with the appropriate documentation and milestones (AR 700-127).
The effort does not end with input to the ILSP. The plan must he updated and the
information must be transferred to the contract during the concept exploration
phase and continued for the life of the equipment/system.

1-1
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CHAPTER 2
LOGISTICS SUPPORT ANALYSIS (LSA) PROCESS

2-1. Introduction. LSA is initiated in the concept exploration phase and fis
continued through the demonstration and validation, full-scale development, and
production and deployment phases. It is a systematic, comprehensive analysis
that 1s conducted 1n accordance with MIL-STD 1388-1A. This analy:is is a
composite of systematic actions to identify, define, analyze, quantify, and
process logistic support requirements to achieve a balance among materiel
readiness and capability, reliabiiity, maintainability, vulnerabiliity,
survivability, operating and support costs, hardware costs, and the system's
logistics requirements. These requirements are identified in DOD Directive
5000.39 and AR 700-127 as the elements of ILS. (See fig 2-1)

(1) Destgn influence and integration
to include logistics-related
reliability (R) and maintainabilfty (M).

(2) Mafntenance plan.

(3) Manpower and personnel.

(4) Supply support.

(5) Support equipment and test,
measurement and diagnostic
equipment,

(6) Training and training devices.

(7) Technical data,

(8) Computer rescurces support.

(S) Packsging, ha-... .3, aad storage.

(18) Transportation and
transpurtabiltity.,

(11) Facilities,

{12) Standardization and
interoperability (forwerly RSi) (AR 700-127)

Figure 2-1. ILS Elements

2-1
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These elements represent the logistics support resources required by the Army in
the field to maintain a materiel system in operationally ready conditinn, As the
LSA evolves, the number and type of iterative analyses vary according to the
program schedule and design complexity. RCM is just one iterative analysis with
the results documentei in the Logistic Support Analysis Record (LSAR) (MIL-STD
1388-2A).

2-2. Materiel Acquisition Life Cycle. The acquisition life cycle of a
system/equipment is the total life span commencing with the program initiation

- and extending through the cperational phase to its eventual retirement from the
inventory, The life cycle concept of materiel is an attempt to present a logicai
event-oriented model of the typical acquisition program to aid managers in
planning, scheduling, and executina hardware and logistics sugport acquisition.
The four phases correspond to increasing levels of resource commitment which
requires decision review by higher authority prior to the new commitment.

a. Concept exploration phase. This phase of the acquisition process
explores and identifies alternative system concepts. This will be generally
accomplished by a spectal task force or special study group. Several studies
will be initiated in this phase prior to and in support of developing a Letter of
Agreement (LOA) and an acquisition strategy as documented in the Systems Concept
Paper (SCP). The concept formulation package consists of four elemeats:
Trade-0ff Determination (TOD); Trade-Off Analysis (TOA); Best Technical Approach
(BTA); and Cost and Operational-Effectiveness Analysis (COEA), The development of
the ILS Plan begins the initial planning effort for logistics support planning.

b. Demonstration and validaton phase. This stage transforms the
conceptual design into a practical design criteria suitable for hardware
development, [f necessary the design is evaluated with advance development
models. The techniycal data base and the contract documentation package for
full-scale development of the system are prepsred. This phase implements the
logistic support planning started in concept exploration phase. The PMD {s
updated and records program decisions and provides appropriate analysis of
technical options, manpower, and logistics requirements and goals, testing, and
financial management. The requirements of the logistic support planning become
part of the advance development (usually contract) and the analyses required from
the ILS plan and LSA program are documented and later verified through
developmental testing and operational testing I {DT/0T I). The results are then
used to update the PND which contains the Logistic Support Pian.

c¢. Fullescale development. This phara transforms the design concept that
was validated in the preceding phase into engineering developament models,
Logistic and maintenance support requirements are vatidated as described in the
ILS Plan. Conformance to specifiad requirements for support equioment, tools,
technical data, support items, training, manpower, and othér support elemenis
dictated by analysis of the design 15 accomplished. Trade-offs have been
conducted to determine the best balance among hardware characteristics, support
concepts, support resources requiresents, ard life-cycle costs.

2-2
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d. Production and deployment. Analysis, test, and evaluation results, and
independent reviews have affirmed that the maintenance plar and plann2d manpower
and other logistics support resources are adequate to meet peacetime readiness
and wartime deployment goals. Manufacturing processes and tooling, inspection,
and test procedures, and management control techniques are designed specifically
for manufacture of the production baseline for delivery to the Army user. This
phase ‘nvolves the esiablishment of an effective support base, performing
required training, and problem resolution throuch feedback mechanisms for the
entire service life.

2-3. The relationship between LSA and RCM, The development of an item/system
requires the interface of many of the logistic support disciplines such as
design, reliability, maintainability, human engineering and cost estimating. Any
change or decisfon as a result of an analysis in one of the disciplines may
affect all of the other resultant analyses. Therefore, a change in any one
discipline may cause a ripple effect on the total logistics support program and
each of the separate program areas must be constantly reviewed for any impact in
their respective areas. Figure 2-2 shows the systems logistic support analysis
interfaces for applicable tasks called for in MIL-STD 1388-1A. The RCM analysis
is performed as part of the Functional Requirements Identification (Task 301) in
MIL-STD 1388-1A and is documented in Data Record B (Item Reliability (R) and
Maintainability (M) Characteristics) of the LSAR (MIL-STD 1388-2A). The LSAR
Output Report LSA-050, RCM Summary, provides the results by task code For any
maintenance level or safety hazard code for which RCM has been accomplished.

This does not end the requirement to continually update the analysis because of
changes in one of the disciplines or as a result of later analysis (trade-off
analyses {Task 303); or task analysis (Task 401)) which are performed to
determine the best system (support, design and operation) which satisfies the
nced with the best balance among cost, schedule, performance, and supportability,

2-3
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CHAPTER 3
REQUIREMENTS APPLICATION

3=-1. The Haintenance Plan,

a. Tre maintenance plan describes the requirements and tasks to be
sccomplished for achieving, restoring, or maintaining the operational capability
of a system or an item of equipment. It fs a concise, narrative summary of
maintenance requirements that must be performed for weapon and other systems,
subsystems, equipment and support equipment. A well-developed maintenance plan
will prevent deterioration of the inherent design levels of reliabflity with a
minimum expenditure of maintenance and support resources. Maintenance cannot
correct design deficiencies nor improve inherent levels of reliability provided
by design, Therefore, an important aspect of “ke maintenance plan development is
the early identification und correction of design deficfencies that will affect
the maintenance plan and its resource requirements. The implementation of the
maintenance plan developed for a system or equipment, along with all attendant
procedures, controls, data collecticn and reporting, and ILS element resource
requirements, is known as 2 maintenance program.

t. The maintenance plan estavlishes and delineates the repairable
components and mainterance requirements of a system, subsystem, or ftem of
equipment., For each repairable component, the maintenance plan identifies the
maintenance level authorized to nerform the preventive or corrective maintenance
tasks required, and all necessary system or equipment servicing requirements.
The maintenance plan identifies the support equipment requirements and supply
support requirements that are necessary to perform the indicated preventive
maintenance, corrective maintenance, servicing, or calibration task.

c. The maintenance rlan for a weapon system or item of supoort esquipment
evolves frem maintenance concept alternatives through the systematic application
of specific and well-defineg analytical steps. These steps are successively
{terated during the full scale develovpment phase of a weapon system acgquisition.
These steps form an analytical process that is a function of maintenance planning
and engineering, and is called the maintenance planning and analysis process.

4. Haintemance planning is an element of the logisticssupport analysis
process as descridbed in MIL-STD 1388-1RA, 1t is a principal source for ths
development and documentation of ILS element requirements. As an integral part
of the LSA process, msintenance planning initially strives to establ.. . concepts
ané goals, in the form ¢ f maintenance characteristics, that should be achieved by
the proposed system.or equipment. Thryughout the program inftiation and fyil-
scale developaent phases of program developeent, maintenance planning data are
documanted in the LSA records, forming 2 data hase to reflect the curreat state
of proposed maintenance tasks, By analyzing the evolving design of the LSA
candidates, and by describing the maintenarce requiraments in the form of tasks,
to innra2asingly lowes indenture levels, the resulting ILS element resource
requirements sre developed. Where RIM ynalysis is interested in the failure
retationship between equipmeni/systen age vs. relfability, there is a need for
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age exploratfon analysis., This process is closely related to the development of
preventive mafntenance requirements. Age exploration is also used to validate
preventive maintenance requirements and parcmeters by supplementing the initial
RCM evaluatfon, Maintenance planning data, documented as part of the LSA process,
provide the basis for detailed definition of the maintenance plan.

3-2. Maintenance Requirement Categories.

a. Maintenance requirements are categorized as either preventive
maintenance, corrective maintenance, servicing, or calibration requirements.
Except for some servicing and calibratfon categories, maintenance requirements
are traceable to a faflure mode effects and criticality analysis (FMECA). The
FMECA, with the corresponding reliability and maintainability analysis, is the
starting point for the analysis needed to develop maintenance requirements and
tasks through all levels of maintenance. including depot.

b. Preventive maintenance analysis uses reliability centered maintenance
(RCM) logic to develop preventive maintenance requirements. RCN refers to a
scheduled maintenance program designed to realize the inhereat reliability
characteristics of weapon and other systems, and equipment items, including
support equipment. Scheduled (preventive) maintenance should be considered for
any item whose joss of function or mode of failure could have safety
consequences., Scheduled maintenance also should be considered fov any ttem whose
functional fatlure will not be evident to the operator or operating crew, and
therefore, cannot be reported for corrective maintenance action. In all other
cases, the consequences of failure are either a2conomic or operatfonal, and
scheduled tasks directed at preventing faflures must be justified on these
grounds. An RCM analysis program, leading to the identification of all
preventive maintenance requirements, includes only those tasks that satisfy the
criterfa for both applicability and effectiveness. The applicabtlity of a zask
is determined by the characteristics of the item, and its effectiveness is
defined in terms of the consequences the task is designed to prevent. General
and detailed RCM requirements are covered in chapter &4 of this pamphlet.

c. Related tc the development of preventive maintenance requirements is the
requirement for age exploration analysis on items for which RCN anmalysis is
concerned with establishing a fatlure relationship between age and reliability,
It 1s also used to validate preventive maintenance requirements and parameters,
butlding on the inftial evaluation. In the early stages of a wezpon System or
support eguipaent life cycle, during the period when preventive maintenance tasks
are being developed, this age-reliability relationsiip may not "= perfectly
understood. This causes conservative estimates of the freguency of scheduled
task performance. As operating experience is gained, this information is used as
a basis to adjust the time pericds for scheduled maintenance and to validate the
overall preventive maintenance program. This early age exploration analysis
requireaent produces the inftial data to estadblish time intervals and planning
for the follow on age expioration. This program is planned during initial
evaluations, begun during test ard evaluation, and continued when the weapon
system, equipment or support equipment are fielded. Age exploration is covered
fn greater detatl in chapter 7.

3-2
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d. Corrective maintenance analysis is performed to determine significant,
detailed corrective maintenance tasks that are required for each repairable ite
down to the replacement component for each level of maintenance under
consideration. DOuring corrective maintenance analysis, two objectives are
realized; the equipment desfgn is assessed in order to evaluate its reliabilitm
and maintainability characteristics, and tentative maintenance levels for ¢
maintenance requirements task, as well as tentative support equipment, are
identified. (Undesirable characteristics are identified as design probleass and
are reported to the design team for correction or improvement.) Correc. ve
maintenance tasks are then subjected to task, skill, and time-line anal;sis.

e. Servicing requirements analysis is performed to determine those tasks
necessary to replerish consumables expended during equipment usage or during
operation of support equipment. Such consumables may include fuel, oil, grease,
graphite, oxygen, or other fluids or stores required for the normal operation of
- the equipment or support equioment. Servicing requirements are separate and
distinct from preventive maintenance tasks that may be required to check stores
or various fluid levels prior to oparation. Servicing requirements are developed
through an analysis of system and equipment operational requirements. Servicing
requirements, like all other maintenance requirements, are subjected to both task
and skills analysis, and time line analysis. These analyses are necessary to
detemmine the appropriate logistic element planning constraints.

f. Calibration analysis is the detailed evaluation of a system, subsystem,
or item of support equipment that is performed to develop measurement parameters
that are required prior %0 establishing 2 comprehensive calibration program.
This includes measurement ranges, accuracy requirements, and the calibraiion
interval required for each level of rmeasurement, with the basic level being when
the system under analysis, and its support equipment, are fully operational.
Each succeeding level then requires a greater degree of accuracy than its
predecessor. The primary objective of calibration analysis is to then identify
the manpower and support equipament requirements necessary at each level of
measurezent,

g. Task and skills analysis identifies the technical tasks that will be
performed by maintenance personnel, The analysis is designed to provide
necessary data to identify manpower requirements for the proper maintenance and
repatr of systeas or equipment items and support equipment in accordance with
their aission, employment concept and doctrine, personnel constraints, and the
approved logistic support concept. it specifically yieids quantitative data
concerning required skills, time intervals necessary to accomplish tasks, and
manpower required, The task and skills analysis also provides descriptive data
cn the specific task steps required for the accoaplishment of cach specified
maintenance or operational reguireaent. As part of the task and skills aralysis,
most resources {including special tools) required for the performance of each
task step are ‘dentified and aggregated for subseguent use. The need for
additional training of existing skills, training equipment, and training aids fis
also first identified in the task and skills aralysis. These scurce dat3 are
directly auditable to the required level of maintenance and personne!
reguirenents.

3-3
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CHAPTER 4
RELIABILITY~CENTERED MAINTENANCE (RCM) APPLICATION AND LOGIC

4-1, RCM Background.

a. The procedures presented in this pamphlet represent an evolution from
the procedures developed in July 1968, by representatives of various airlines
which constituted the Maintenance Steering Group Number 1 (MSG-1). This group
developed decision logic and intra-airline/aircraft manufacturer procedures for
developing scheduled maintaaance programs for the Boeing-747 aircraft.
Subsequently, these procedures were refined. and Boeing-747 peculiarities were
deieted, to make a more universal document titled “aAirline Manufacturer's
Maintenance Program Planning Document - MSG-2."

b. The potential value of the MSG-2 concept to the Department of Defense
was acknowledged by the Secretary of Defense in his annual Defense Department
report for FY-76, citing the success of the Navy application of MSG~2 on the P-3
aircraft progrem 700 ¢irection was subsequentiy provided to the services to
apply the MSG-C .nupt to new aircraft ertering service in FY-77, to ineservice
aircraft by the end of FY-79, and to all other military equipment by the end of
FY-79, The Department of the Army (DA) implementation of the MSG-2 concept 1s
called RCM. This pamphlet provides gquidelines for application of RCM on
developmental and fielded systems as part of the LSA process and incorporates a
logic similar to "Airline Manufacturer's Maintenance Program Planning Dccument -
MSG-3," which is similar to MSG-2, but is maintenance-task-oriented.

4-2. RCM Objectives,

a. An efficient miintenance analysis and planning program is cesigned to
meet the following objectives--

{1) To establish design priorities which facilitate preventive maintenance.

(2) To plan preventive maintenance tasks that will restore safety and
retiability to their inherent levels when equipment/system deterioration has
occurred,

(3} To obtain the information necessary for design improvement of those
items whose irherent reliability proves inadequata.

(4} To accomplish these goals at a minimum total cost, fncluding
maintenance costs and the costs of residual failures.

b. These objectives recognize that maintenance programs, as such, cannot
correct deficiencies in the inherent safety and reliability levels of the
equipment, The maintenance program can only optimize the operational inpux of
such fnherent levels, and 1f they are found to be unsatisfactory, design
modification is necessary to obtain imorovemeat.

2.1




AMC-P 750-2
4'3. conCept.

a. The maintenance plan for a system/equipment is a description of the
requirements and tasks to be accomplished for achieving, restoring, cor
maintiining the operational capability of the system/equipment. The maintenance
plan evolves from the iterations of the LSA to identify the maintenance ccncept,
reliability and maintainability parameters and requirements, maintenance tasks,
descriptions of maintenance organizations, support and test equipment
requirements, maintenance standards, supply support requirements, and facility
requirements.

b. Main.enance plan Jeteimination must recognize the interrelaticonships
between the LSA tasks contained in MIL-5TD-1388-1A and other system engineering
disciplines such as the reliability, maintainability, safety, standardization,
and human ergineering programs. Efficient maintenance planning requires input
from and output to these related disciplines.

c. This pamphlet will concentrate on that portion of maintenance planning
that requires determination of maintenance requirements in the form of scheduled
maintenance tasks. This step in the overal’ determination of the detailed
maintenance plan prevides the basis for the scheduled maintenance workload for
the system/equipment and impacts the ability to sustain the inherent reliability
of the system and its components arnd maintain adequate safety levels,

d. Inherent to the maintenance planning process, as with other LSA tasks,
is the identification of logisticssupport problems and risks, and development of
the required data to support trade-off analyses with design personnel. The
guidelines presented are structured to identify areas for design review and
trade-offs in addition to the identification of scheduled maintenance tasks
requirements,

4-4, Maintenance Planning. Maintenance plan development is initiated during the
conceptual phase of program development as part of the logistic support analyses
to identify alternative support concepts; reliabiiity, availability,
maintainability, and initial life-cycle support cost goals, and poteantial
logistic problems. From this broad base, the detailed maintenance requirements
and tasks are identified and tasted during the validation and full-scale
development phases of the life cycle as "he baseline iogistic support concept is
established and hardware design progresses. The finalized plan is reflected by
the maintenance allocattion chart {MAC} contained in the organizational level
maintenance manual for the system/equipment, The overall relationship of RCM
process is graphically depicted in figure 4-1,

4-5. Scheduled Maintenance Program Tasks.
a. An efficient program 15 one which identifies the scheduled maintenance
tasks and realtstically schedules only those tasks necessary to meet stated

objectives. 1t does not schedule additfonal vasks which wiil increase
maintenance costs without a corresponding increase in reliability/availability.

i-2
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Figure 4-1. RCM in the LSA Process
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b, The objective of scheduled maintenance tasks is to prevent deterioration
of the inherent safety and reliability levels of the equipment or to reduce ;
the life-cycle costs. .

The tasks in a scheduled maintenance program may include --
(1) Lubrication/servicing.
(2) Operator/crew monitoring.
(3) Operational checks.
(4) Inspection/functional check.
(5) Adjust/align/calibrate.
(6) Remove/replace.
(7) Overhaul.
4-6. Failure Mode, Effects, and Criticality Analysis (FMECA).

a. MIL-STD-1629 provides the procadures for performing a failure mode,
effects, and criticality analysis. FMECA is an essential function in design from
concept through development. To be effective, the FMECA must be iterative to
correspond with the nature of the design process itself. The extent of effort
and sophistication of approach used in the FMECA will be dependent upon the
nature and requirements of the individual program. This makes it necessary to
tailor the requirements for an FMECA to each individual program. Tailoring
requires that, regardless of the degree of sophistication, the FNMECA must
contribute meaningfully to program decisions. A properly performed FMECA is
invaluable to those who are responsible for making program decisions regarding
the feasibility and adequacy of a design approach.

b. The usefulness of the FMECA as a design tool and in the decisionmaking
process is dependent upon the effactiveness with which problem information is
communicated for early design attention. Probably the greatest criticism of the
FMECA has been its limited use in improving design. The chief causes for this
have been untimeliness and the isolated performance of the FMECA without adequate
fnputs to the design process. Timeliness is perhaps the most important factor in
differentiating between effective and ineffective imnlomcntatioun of the FMECA,
While the objective of an FMECA is to identify all modes of failure within a
system design, tts first purpose is the early identification of all catastrophic
and critical failure possibilities so they can be eliminated or minimized through
design ccrrection at the earliest possible time, Therefore, the FMECA should be
{nitiated as soon as preliminary design information is available at the higher
system levels and extended to the lower levels as more {nformation becomes
avatlable on the items in questicn,
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¢c. Although the FMECA 1s an essential reliability program task, it also
provides information for other purposes. The use of the FMECA 1s called for in
maintainability, safety znalysis, survivability, and vulnerability, maintenance
plan analysis, and for failure detection and isolation subsystem design. This
coincident use must be a consideration in planning the FMECA effort within the
same contractual program and 1s a critical element of LSA/LSAR.

4-7., RCM Logic - General,

a. The RCM logic presented in figure 4-6 is designed to accomplish the
following--

(1) Using data from the system safety and reliability programs, identify
components in the system/equipment which are critical in terms of mission or
operating safety.

(2) Provide a logical analysis process to determine the feasibility and
desirability of scheduled maintenance task alternatives,

(3) Highlight maintenance problem areas for design review consideration.

(4) Provide the supporting justification for scheduled maintenance task
requiremaats.

b. The RCM logic provides a more rational procedure for task definition and
a more straightforward and linear progression through the decisfon logic., It
takes a “from the top down" or consequence of failure approach. At the outset,
the functional failure is assessed for consequence of failure and is processed
for one of four basic categories--

(1) Catastrophic.
{2) cCritical.

(3) wmarginal,

(4) Minor.

The four catagories are identified as Safety Hazard Severity fodes (SHSCs) 1 - 4.
With the consequence category established, only those task selection questions
pertinent to the catagory need be asked, This eliminates unnecessary assessments
and expedites the analysis., A definite applicability and effectiveness criteria
has been developed to provide a more rigorous selection of tasks. In addition,
this approach helps to eliminate 1tems from the analytical procedure whose
fatlures have no stgnificant consequence.

c. The logic process s based upon the following--
(1) Scheduled maintenance tasks should be performed for noncrittcal

(category J and 4) components only when performance of the scheduled task will
reduce the life-cycle cost of the equipment/system.
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(2) Scheduled maintenance tasks should be performed on critical components
(category 1 and 2) when cuch tasks will prevent a decrease in relfability or
deterioration of safety to unacceptable levels, or when the tasks will reduce the
1ife cycle cost of ownership of the system/equipment,

d. The RCM logic 1s intended for appiication once a comnonent's faflure
modes, effects, and criticality have been identified. As with other LSA tasks,
the logic process will be reapplied as available data moves from a predicted
state to measured values with a higher degree of certainty, and as design changes
are made, In addition, once all components have been subjected to the logic
process, an overall system analysis is required to arrive at the overall
maintenance plan., This system analysis merges individual component requirements
into a system maintenance plan by optimizing the frequency of scheduled
mai:tenance requirements and the sequence of performance of individuai scheduled
tasks.

e. The RCM logic will be applied to each reparable item in the system/
equipment. The maintenance task requirements will be identified against the
reparable components; however, individusl failure nodes must be addressed during
the application of the RCM logic. Thus, for & given component, different
scheduled tasks could be arrived at due to the different failure modes and their
characteristics. As an example, a given component might undergo crew monitoring
during normal operations to detect the majority of predicted fatlure modes for
the component, while still having a scheduled inspection requirement due to a
failure mode that is not detected during routine operator/crew monitoring.

f. In addition to the scheduled maintenance task requirements identified
during application of the RCM Yagic, any scheduled tasks that were assumed in
establishing the relfability characteristics of the system/equipment under the
reliability program must be included in the maintenance plan. Inherent faillure
rates and failure modes and effects may need adjusting if an assumed scheduled
maintenance action is omitted from the maintenance plan after application of the
RCM logic. For example, the relfability data provided for an internal combustion
engine and its internal components may be based on a 6,000-mil2 scheduled aofl and
oll fiiter changes. If this schedule is changed because of Army ol analysis in
develeping the detailed maintenance plan for the engine, the resulting effect on
the retiabil{ty parameters sust be deterwmined.

g. When determining if a fatlure ts critical for missfon considerations,
the mission of an individual piece of equipment will be the governing facter.
Thus, for a missile component, the irdividual missile {s addressed, not the
complete missile system composed of many launchers and missiies.

h. Task deterwmination questions are arranged in a sequence so that the most
wreferrad task, most easily accomplished, 15 considered first. Potential tasks
are considered 1n sequence down to and including possible redesign.

t. The logic {s maintenance-task-oriented and not maintemance-process-

oriented, By using the task-oriented contept, one will be able to see the enlire
maintenance program reflected for a given item (e.g., an 1tem may show a before
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operation inspection, a Tubrication task at a monthly interval, and an align on a
quarterly basis). Servicing/lubrication {s included as part of the logic diagram
since this ensures that an important task category is considered each time an
item 15 analyzed.

Jj. The selection of maintenance tasks a. sutput from the decision logic has
been enhanced by a clearer and more specific delineation of the task
possibilities contained in the logic.

k. Treatment of hidden functional failures 1s more thorough as the logic
provides a distinct separation between tasks applicable to either hidden or
evident functfonal fatlures.

1. The effect of concurrent or multiple failure is considered Sequential
failure concepts are used as part of the hidden functional failure assessment and
multiple failure 1s considered in structural evaluation,

m. There is a clear separation between tasks that are economically
desirable and those that are required for safe operation.

4-8. Disposition of RCM Analysis. During the analysis, the logic leads the
analysts to make a decision on disposition of each failure mode under
consideration. Block 5B, card number Bl1 of Pata Record B is the location for
recording the disposition (fig 4-3). The card columns are coded A through E
and the meanings for each are as follows--

Card Column Heaning
A Economics dictates that scheduled {preventive)

maintenance s the only possible decistion
Scheduled (preventive) maintenance
Unscheduled {corrective) maintenance

Age exploration

Redesign

MO O

a. Card column A will be marked *Y* 1f economic analysis (decision & of
Yogic) indicated that scheduled maintenance is more economical than allowing the
failure, or that a scheduled inspection/test for fatiure is more economical than
redesign. This entry {s intended to show that economics was the oaly factor that
qualifies this entry for scheduled (preventive) maintenance.

b. Card column B will be marked "Y" {f one or more of logic dectsion 10,
11, 12, 13, 14, or 15 {s marked "Y“. This entry will show that economics was not
a determining factor fn qualifying this entry for scheduled (preventive)
maintenance.

c. Card coluan C will be marked °V* for any fatlure mode for which

hnscheduled (corrective) maintenance 1s efther mora econcmical {decision 4) or
acceptable from mission or safety considerations (decision 9).
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d. Card column D will be marked "Y* 1f age exploration is applicable and
effective (dacisfon 16) and must be accompanied by one of the other dispositions,

e. Card column E will be marked "Y* to indicate that redesign (decision
point 17 of logic) has been consfdered and is a valid alternative. The use of the
disposition card columns are for the LSAR output report, LSA 50 report (RCM
Summary), which summarizes the scheduled maintenance required by task code,
maintenance level, and safety hazard severity code (SHSC) of Card B13 of Data
Record Bl (fig 4-4). Thic is then used by management or the analyst to make
important decisions covering the maintenance plan, which addresses personnel
requirements, relfability (readiness), tools and test equipment, and maintenance
(see chap §). This is done by comparing the results to the requirements
Tisted in the LSAR Data Record A for scheduled maintenance (fig 4-2).

4-9, RCM Logic - Detatled.

a. The RCM logic displayed in figure 4-6 is used to determine if a
component should have a scheduled (preventive) maintenance requirement, and, if
so, what scheduled maintenance tasks should be performed. Each decision point is
rumbered and detailed instructions for each are provided below. The decision
point number, the subparagraph number of para. 4-9,b, and the element number of
block 5A of the Bll card of LSAR Data Record B are the same, i.e., decision 12,
paragraph 12, and element 12 of block 5A all refer to the same transaction. A
Bl1 card will be completed for each failure mode identified on Card B13 of the Bl
data record (fig 4-3).

b. The following is a detailed set of instructions for application of the
Yogic in figure 4-6.

(1) Decision 1, Is functional component failure critical for safety or
mission? This question will be asked for each failure mode identified on Data
Record Bl for the component under analysis. The answer to this question will be
based on the Failure Modes and Effects Analysis (fig 4-4 « LSAR Data Record
Bl) and the Criticality and Maintainability Analysis {fig 45 - LSAR Data
Recerd B2). A "yes" answer indicates that this failure mode exists and has been
fdentified as critical or catastrophic which corresponds to a safety hazard
severity code (SHSC) of 1 or 2 and will result in a safety hazard or possible
serfous nissfon impact. Components and faflure modes for which a "yes" answer {s
obtained will be referred to as critical. These critical items will be analyzed
further to determine 1f a scheduled maintenance task will help prevent
deterioration of reliability or safety levels, thus minimizing the risk of a
possible serfous missfon impact or safety hazard. A “no" answer indicates that
the component 1s classified with a SHSC of 3 or &4 and further exploration is
required to determine {f scheduled maintenance {s required fcr secondary failures
which are critical, have hidden faflures, or have economical {mpact. The
appropriate entry will be wade on Data Record 8, card 8il, block 5A in card
column 1,
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(2) Decision 2. Does faflure cause secondary failure that is critical for i
safety or mission? The fnstructions for this decision point are the same as for !
decision 1, but this question refers to secondary failures that are caused by the 1
primary failure modes considered in decision 1, A "yes" answer identifies a
noncritical failure mode which causes a secondary failure classified as critical
and results in efther a safety hazard or a mission abort., ({See multiple failure
chap 5.) The failure mode will be analyzed further to determine what

scheduled mafntenance tasks can be performed that will prevent or decrease the
Tikelihood that reliability or safety will deterforate below acceptable

levels. A “no" answer to each question in decisions 1 and 2 indicates that the
failure mode for the component is noncritical and may be operated to fatlure
without incurring a safety hazard or a mission abort. The appropriate entry will
be made on Data Record B, card number Bll, block 5A, card column 2.

(3) Decision 3. Is failure hidden? The question in this decision point is
addressed to identify whether the operator/crew will be aware of the loss
(failure) of a function during the performance of their normal operating duties.
This 1s the last question to segregate the failure mode under consideration into
one of two categories: (a) the need for scheduled maintenance task to preserve
reliabilfty or safety- (b) scheduled maintenance task based solely upon
economics. A “yes" answer indicates that the functional fatlure is hidden from
the operator/crew. A "no" answer indicates that the component is noncritical a::
can be operated to failure without incurring a safety hazard or a mission abort,
For these components, decision point will be addressed to determine if a
scheduled maintenance task is justifiable from the economic standpoint. The
appropriate entry will be made on Data Record 8, card Bll, block 5A, card column

L]

(4) Decision 4. Does economic analysis indicate scheduled maintenance?

(a) Decision point 4 identifies scheduled tasks which can be performed and
that will decrease the cost of ownership of the end item. To address this
deciston point, it must first be determined whether a scheduled task can be done,
This can be detemined by applying the questions in decisfon points 5 through 17,
in which decision points 10, 11, 12, 13, 14, and 15 identify the specific tasks.
‘eep in mind that the questions are being addressed for noncritical fallure
modes. If economic analysis does not indfcate scheduled maintenance, aperate to
faflure, transaction 4a, and enter a "Y" 1n card column ¢, This completes the
decisionmaking process for this failure mode,

{(b) In determining if a scheduled maintenance task is economically
Justified, the difference in ownership tost for the end item must be calculated,
1t is not intended that a complete l{fe-cycle cost be calculated for each
alternative, but rather those cost factors which wo:1d be different between the
alternatives should be determined, Consideration must also be given to any
manpower, downtime, or availability constraints on the end item if an additional
scheduled task fs fncluded fn the maintenance plan for a noncritical component.
If a substantial cost savings could be realized through some scheduled
maintenance action which impacts one or more system constraints, then a trade-off
analysis shall be performed. Refer to chapter 5 for discussion and determination
of cost-effectiveness of scheduled maintenance tasks.
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(¢) This decision point shouid not be addressed until the RCM logic has
been applifed to the critical components of the system/equipment under analysis,
becausa the results of the critical component analysis could affect the cost of
feasible scheduled tasks on noncritizcal components. For example, a noncritical
inspection may not be economically justifiable by itself 1f {1t requires excess
time and cost, but if the time and cost are determined to be required for a
critical component inspection, then the noncritical inspection may be
economically justifiable, For this reason, the economic aspects of noncritical
tasks shouid only be addressed after the scheduled maintenance requirements ¥or
critical components are determined.

(d) If the analysis shows that scheduled maintenance tasks on the
nencritical component reduces the cost of ownership of the system/equipment, then
this task(s) would be included in the overall maintenance plan, and in the
disposition block 5B of card number Bll on Data Record B, enter a "Y* in the card
column labeled A and enter the appropriate task code(s) in block SE of the Bl1l
card, If a scheduled task is not feasible or is not economically justified for
the noncritical component under analysis, then the component would be operated to
failure and only unscheduled maintenance would be performed. In the disposition
block 5B of card number Bll on Data Record B, enter a “Y" in the card column
labeled C and check card number B18 cf Data Record B2 to ensure that the
corrective maintenance task identified as a result of the FMECA, has been entered
on card number B18., The appropriate entry will also be made on Data Record B,
card Bl1, block 5A, card column 4.

{3) Decisfon 5. Can operator detect impending failure?

(a) This is the first of four decision points (5 through 8) that will
determine if scheduled maintenance tasks are applicable and effective.

(b) The question at this decision point is intended to identify those
critical failure modes which can be detected through routine operztor/crew
monitoring with sufficient leadtime to prevent a mission abort or safety
hazard, If there i1s @ high probability that the failure mode under analysis cen
be detected with suff.cient leadtime before it will actually occur to prevent
a mission abort or incurrence of a safety hazard, then the question will be
answered "yes.* (Chap 6 dfscusses this in more detail.) This will be the case
for failure modes which have a sufficient time difference batween onset of
inftial degradation and actual failure, and a means of detecting the onset. The
detection means can be in the form of instrumentation (gauges, warning lights,
etc.) or operational characteristics (vibration, sound, etc.). The question will
be answered “no" {f the operator/crew cannot detect an impending failure, or {f
the time difference between onset and actual faflure is not long enough to
prevent a mission abort or safety kazard. The appropriate entry will be made on
Data Record 8, card Bl1, biock 5A, casd column 5.

(6) Decision 6. Can maintenance detect {mpending failure?
(a) The question at this decision point is addressed to identify the

potential efficiency of a scheduled maintenance task on the component under
analysis and must be considered in two parts. First, the impending failure must
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be physically detectable efther by visual fnspection, through use of test or
measurement equipment. To be detectable, measurable physical properties of the
component must change with the onset of degradation to allow idertification of
impending failure through comparison with normal proparties,

(b) The second consideration is the probability that the scheduled
maintenance task will coincide with the time between onset of degradation and the
occurence of failure so inat¢ the iizpending fatlure will be detected and corrected
before it occurs. As an example, a component which vafls within seconds after
the onset of any measurable degradation would not be a good candidate for a
scheduled task. The probability that any ressonable inspection interval would
result in the inspection occurring within the time between onset and failure fis
very smali in this case; consequently, the payoff would be extremely small. Mn
the other hand, if the time between measurable failure onset and actual faflure
occurrence was measured in days or months, then an inspection interval could be
estahblished which would result in a high probability of detecting the faiture
under 2nalysis before it occurs. In answering this consideration, the failure
distributions from the Reliability Program, data from a historical data review,
and auplicable test resuits must be analyzed.

(c) {7 the impending failure is measurable, and a reasgnable maintenance
task interval which results in an acceptadble probability of detection can be
established, then the question in Decisfon Point 6 would be answered "yes." If
one of these considerations 1s not met, then Decision Point 6 would be answered
“no.* The appropriate entry will be made on Data Record B8, card Bll, block 5A,
card column 6.

(7) Decision 7. Is there an adverse relationship between age or usage and
reliabilty?

{a) The question at this decision point {s to identify wearout type
components and to determine the feasibility of scheduling replacement of the
component under analysis. This question would be answered *yes® if the
probability of component failure increases as calendar time or usage indicators
(operating hours, miles, rounds, cycles) increase. For these items, a scheduled
removal could he identified at a point in time or after a specified amount of
usage when the probabtlity of failure increases to an unacceptable level.
Removal and replacement with a new item will return the probability of fatlyre to
its original lesel, This question will be answered "no® 1 the probabdility of
fatlure {s independent of either calendar time or uszge. This {is the case for
components which exhibit an exponentizl failure rate.

(b) In answering the question cf this decision potat “yes,> {1t should be
noted that a means of measuring the interval between tha scheduled replacements
of the component be provided. 1f the component cannot be economically
maintained, then the question at this decisfon potnt must be answered *no.*

(8) Decision 8. Can fatlure be detected by crew?

(a) The question at this decision point is addressed to identify hidden
functions where Jccurrence of the failure under analysis may go undetected until
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the function is required. If the operator/crew cannot detect that a faflure has

occurred, maintenance inspections cr tests may be required to ensure that a ;
faflure has not occurred and that there s a high probability the hidden function

will be avaflable when required.

(b) A “yes" {ndicates that the failure under analysis can be detected by
the operator/crew and a “no" indicates that the maintenance task is required to
detect the failure. The appropriate entry will be made on Data Record 8, card
811, block 5A, card column 8.

(9) Decisfon 9. [s unscheduled mafntenance acceptable?

(a) This begins the part of the analysis which determines whether
maintenance should be scheduled and whether the design of the item is adequate te
meet the requirements for maintenance. If the question is answered "no,"
continue to decision point 17.

(b) This decision point identifies components which have critical hidden
fatlure modes with no means of detecting impending fatlure or reducing the
probability of a failure. Actual failures are detectable by the operator/crew
either at the time of occurrence or after occurrence so that unschaduled
maintenance can be accomplished in the event of failure. The answer to this
decision point {s based upon the probadbility of faflure, fatlure detection, rate,
predictability and criticality which are found on the Bl and B2 LSAR data record.
If the failure or effects of the failure can be tolerated, then enter a "Y" in
card column 9 and card column C of disposition, and check card number B138 of Data

d Record B2 to ensure that the corrective maintenance tas:, identified as z result
of the FMECA, has been entered on card Bl18. Also, 1f a scheduled operatcr/crew
irspection/test is required to detect failure, enter ®Y" {ir card column B of
disposition and the appropriate task code under block SE of card number Bll., A
"no" for this decision point indicates that the risks of fncurring a mission
abort or safety hazard or hidden failure would be unacceptabie and that the only
alternztive {s to redesign the component or interfacing components to
eliminate the critical or hidden failure modes or to provide a means of detecting
the impending fatlure. In some cases, the required redesign may {nvolve the
additon of a test potnt or a measurement device, while {n other cases the cost of
fncorporating the redesign may be prohibitive or the redesign may not be
technically feasibie.

(10) Deciston 10. Is schuduled inspect/test for failure acceptadle?

(a) This decisfon point identifies components which have critical fatlure
modes with no means of detecting impending fallures, no weargut characteristics,
and no means for the operator/r.irew to detect failures that have occurred. For
components that fall into this category, a scheduled maintenance task aust be
indicated fn the maintenance plan to detect failures that have occurred and to
ensure that there 1s a high probability of the hidden function being avatlable
when required, The corrective action for this deciston will be prescridbed by the
FMECA as an unscheduled maintenance action and be récorded on card number B18 of
Data Record B2.
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(b) Economic considerations are used as a basis for determining if the
faflure or 1ts effects can be tolerated and the effects of the failure must be
weighed against the potential cost of redesign. If the failure or {ts effects
can be tolerated, enter a "Y" on Data Record B, card number B1ll, block SA. card
column 10, and, in block 58 (disposition), enter a "V* in card column A.

(11) Decision 11. Is operator/crew monitoring applicable and effective?
(NOTE: Applicable and effective, f.e., ensures reliability, improves safety, or
is more cost-effective.)

(a) This begins the portion of the logic that determines which scheduled
maintenance tasks are both applicable and effective (Decision Points 11-15).
(Chap 5 defines applicable and effective as used in this logic tree.)

Within each decision are at least two tasks that are 1isted in the descending
order of preference. The same criteria will be used when evaluating the tasks
within each decision point and when comparing each decision point with the others
in this sequence, In certain instances, it may be necessary to perform more than
one maintenance task efther within one dectsion block or a combination of
decision blocks. Even though a single task has been {dentified as applicable and
effective, all other tasks within this sequence (Decisfon Points 11-15) must be
considered to determine 1f a combination of tasks may be necessary to maintain
the inherent reliability of an item. The objective of this process is to
optimize the maintenance program while minim{zing the maintenance rescurces
requirements.

(b) This deciston point fdentifies critical components that exhibit wear
out characteristics and impending failures that can be detected bv routine
operator/crew monitoring. This decision point is only entered with a "yes*
answer to decision point 5., For ali tasks identified, operator/crew monitoring
ts preferred., As the analysis proceeds through the logic, additional tasks may
be identified that are applicable and effective, Pertinent remarks about the
final selection of the scheduled maintenance tasks will be entered on card number
812, Data Record B of the LSAR,

(c) A *yes* answer indicates that operator/crew monitoring is applicable
and effective and would provide an acceptable level of reliabiiity and safety at
the least cost. An "N" would indicate that operator/crew monitoring does not
paintain the required reliability and safety levels. The appropriate entry will
be made on Data Record 8, card 811, block S5A, card column 11,

(d) A “yes" answer to question 11, 12, 13, 14, or 15 indicates that
schedulad (preventive) maintenance is applicable and effective, thus regquiring an
entry of *Y* cn Data“Record B, card Bll, block 58 (Disposition), card coluan B.

{12) Decision 12. 1Is lubricate/service appiicable and effective? This
deciston point can be entered from decision point 6 or 11, This will determine
whether the lubrication or service will be operator/crew or a higher maintenance
level, i.e., organizational or intermediate support. Agzin, the task must be
applicable and effective before "Y* can be entered in decision point 12. 1f both
lubricat! and service are applicable and effective, lubricate is preferred over
service due to less cost and man-hoyrs required. An "N°* indicates that neither
lubricate or service is effeztive or applicable. The appropriate eatry will be
made on Data Record B, card 811, block SA, card column 12,
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(13) Decisfon 13, Is inspect/test applicable and effective?

(a) This decision point identifies critical or hidden components where .
impending failure is detectable. Arrival at this decision point by answering
*yes" to decisfon 6 indicates that the impending failure can only be detected by
maintenance. Operate to failure is one choice 1f scheduling a maintenance action
is not applicable and effective. In cases where there is the option of selecting
operator/crew or maintenance, operator/crew is preferred when the probability of
detaction is equal, If analysis reveals a higher detection prehability for
maintenance, consideration should be given to inclusion of a scheduled task or

inspection in the maintenance plan,

(b) Test is preferred over inspect if both are applicable and effective;
however, if only one can provide the level of mission/safety requirements, then

that task would be selected,

(¢) A “yes" decision indicates that the inspect or test task is both
applicable and effective. A "no* indicates that neither an inspect or test task
is both applicable and effective. The appropriate entry wiil be made on Data
Record B, card B1l, block 5A, card column 13,

B R

(14) Decision 14, Is adjust/align/calibrate upplicable and effective?

(a) The tasks that are available in this decision point are in preferred
sequence. That is, adjust is preferred over align and align over calibrate. It
is possible that a single task may not provide the adequate mission/safety
requirements and a combination of tasks may be required,

(b) The appropriate entry will be made on Data Record B, card number Bll,
block 5A, card column 14,

(15) Decision 15. Is replace/overhaul applicable and effective?

(a) This decision point identifies critical or hidden components that
exhibit wear-out characteristics where impending failure can be detected. In
components that fall into this category, the inherent reliability and safety
levels can L2 preserved by eitner a restoration or discard task. Each of the two
alternatives must be analyzed in terms of cost and the reliability and safety
Tevels that can be maintained under each alternative,

(b) A scheduled replacement may be mere cost-effective if a time limit can
be established that, with a high degree of confidence, provides the necessary
reliability and safety protection levels, In other cases, where the component is
costly or there are not enough data to con{idently establish a replacement
interval, then a scheduled overhaul may be more cost-effective. In each cass,
the benefits and risks of each alternative mainienance dec{cion should bde
analyzed to select the most cost-effeoctive task. If both replace and overhaul
are consiuvered feasible, then the benefits and rig's should Justify the selcction
of the alternative. If the answer to replsce/overtaul (s 'no," continue on to
the next decision point. The appropriste entry w!ll be made on Data Record B,
card number Bll, block 5A, card column 15. Anytime that replacefoverhaul ic
considered, the options of age exploration and redasign wus* also Y considared.

§-13




A e

b e m——

A

AMC-P 7302

(18) Decistfon 16. Is age exploration applicable? This decision point
addrasses age exploration and the identification of critical ¢r hidden failure
modes that require monitoring and updating of the maintenance plan, Age
exploration must be considered for any failure mode that results in entry into
any of blocks 11-15, inclusive. This decision point is used during the initial
analysis and for any update of the RCM as data becomes available through test,
analysis, and actual field use. If any category 1 or 2 faflure mode that is
addressed through this logic 1s found to require continued monitoring or testing
after development, and the current maintenance plan does not satisfy the safety
and mission requirements, then this decision point will be answered “yes,"
identifying the item as a candidate for an age exploration effort (see chap 7
for a more detailed discussion of the age exploration program). A “yes" answer
to this question requires an entry of *Y* on Data Record B, card number Bil,
block 5B {Disposition), card column D. Also, the appropriate entry will be made
on Data Record B, card number Bli, block 5A, card column 16, This disposition
must be accompanied by one of the other dispositions, This faflure mode will
appear on the LSA 50 report, Reliability Centered Maintenance Summary,
identifying it as an item for age exploration. Efther a "yes"™ or "no" answer to

age exploration will take us to Decision Point 18. See paragraph 4-7.b(12) for
further instructions.

{17) Decision 17. 1Is redesign applicable?

(a) This decision point allows the analyst to review the maintenance
program for each failure to ensure that it will meet the required mission and
safety levels. A task analysis will be performed to select the best task or
combination of tasks that will meet these requirements, If this analysis
indicat2s that tne maintenance tasks will not meet the requirements, redesign
should be considered. The cost and feasibility of a redesign must be considered
along with the potential berafits derived from the redesign. In some cases, the
required redesign may involve the addition of a test point or measurement device,

while, in others, the cost of redesign may be prohibitive or the incorporation of
a redesign may not be technically feastihle,

{b) When a decisfon has been made that redesign is a viable alternative, an
entry of “"Y* is required on Data Record 8, card number Bl1, block 5B
(Disposition), card column E. Also, the appropriate entry will be made on Data
Rerord B, card number Bll, block 5A, card column 17. The LSA S0 report, RCM
Summary, will indicate that a design change is being ccnsidered, but a decision
has not been made as to the extent or type of design change.

(c) Since RCM is a reiterative process as the design matures and data
becomes availuble, the redesign decision point will be used less and less. 1If
redesign i3 not applicable, reenter logic chart at dec'sicn point 1. Evaluate
all previous decisions considering that redesign 15 not appiicable and that an
alterrative solution must be chosen.

(18] Decision 18, Is there a “Y" in card colum 1} through 14 An answer

of ®"ves™ to the question asked at this decision point allows termination of the
RCH iogic process, If:é'sthedu3ed maintenance task has been i{dentified for the

3-15
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failure mode being analyzed, the question asked at this decision point will be
answered “yes® and the logic process terminates for this iteratfon. Any
subsequent iteration(s) will be predicated upon change(s) affecting the decisions
made during this analysis. If the question asked at this decision point {is
answered "no," the remaining decision points (8, 9, 10, and 17) must be
consfdered. The appropriate entry will be made on Data Record B, card number
B11, block 5A, card column 18,

4~10. RCM task sefection. Upon completion of each failure mode through the

RCM Vogic, analysis of preferrad task is performed to select the most applicable
and effective matntenance task or combinatiocn of maintenance tasks that will meet
the required mission and safety requirements. The scheduled maintenance tasks
sefected must meet the criteria of applicability and effectiveness (para 5-8).
When this analysis 1s compleied, which will include a determination of interval,
enter the task/tasks in card number B11l, block 5E on Data Record B, and the time
required to complete the scheduled task/tasks in card number Bl1l, block 5F on
Data Record B. The ¢ntries made in these blocks will be carried over into the

C and D data records of the LSAR,

4-16
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*EVERY DECISION MADE BY USING THIS LOGIC DIAGRAM WILL
RESULT IN AN ENTRY ON THE B SHEET LSAR DATA RECORD ON THE
B11 CARD IN SUBCOLUMN 5A, BLOCKS 1-18 (19-20 ARE SPARES).
ADDITIONAL ENTRIES MAY BE REQUIRED. SEE PARAGRAPH 4-9 FOR

OETAILED INSTRUCTIONS.
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CHAPTER S
MAINTENANCE APPLICATION

5-1. General, The determination of any required scheduled maintenance is
developed from the RCM logic and the effect of degradation/failure to the item,
based on the impact to safety, mission, and economics.

5-2. Safety and wmission consideration.
a. Safety,

(1) Safety consideration must be classified as SHSC catastrophic (category
1) or critical (category 2) for any failure that could have a direct effect on
safety The impact of the failure must be immediate and the adverse effect must
be one that will be felt before planned completion of a mission. If a failure
has no evident results, it cannot, by definition, have a direct effect on safety.
Safety consequences will be assessed at the most conservative level, and in the
absence of proof that a failure cannot affect safety, it is classified by default
as critical. However, as long as the failure has no immediate safety

consequences, the need for precautionary measures does not justify classifying

the failure as critical.

(2) For every catastrophic or critical fatlure identified, every attempt
will be made to prevent the occurrence. O0ften, redesign of one or more
vulnerable items is necessary. However, the design and manufacture of new parts
and their subsequent incorporation in the equipment takes a considerable amount
of time. Hence, other action s required during the interim, In the case of
turbine-blade failure, an identifiable direct adverse effect, it has been found
that blades will loosen well in advance of actual separation. Thus, 3 scheduled
inspection for this condition makes it possibie to remove engines at the
potential-failure stage, thereby, forestalling the critical functional fatlure.

Note: This preventive maintenance task does not prevent failure; rather, by
substituting a potential failure for a functional failure, it precludes the
consequences of a functional faflure.

b. MNisston capable/readiness.

(1) Mhenaver the need to correct a failure disrupts planned missions, the
failure has operational consequences. Thus, unscheduled maintenance which
requires the delay or cancellation of the aission is classified as critical
(category 2) for mission capability.

{2) A faflure that requires immediate correctfon does not necessarily have
mission capable consequences. For exampla, {f a failed {tem can he
replaced/repaired without delay or cancellation of a afssion, then it should be
classified less than category 2 {critical).
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(3) Every effort will be made to prevent the occurrence of catastrophic or
critical failures through redesign or preventive maintenance.

5-3. Hidden failure considerations, Hidden failures are an important class of
failures that have no immediate/direct adverse effect on use of the function.
However, the ultimate consequence can be critical if a hidden failure is not
detected and corrected; e.g., unusual mission events could require the failed
functfon. Therefore, the considaration of any hidden-function faflure is
increased exposure to the consequence of multiple fatlure.

5-4. Multiple failures. Failure consequences are often assessed in terms of a
sequence of independent events leading to a multiple failure, since several
successive failures may result in consequences that no single failure would
produce individually. The probability of a multipie fajlure is simple to
calculate. Suppose items A and B in figure 5-1 both have a probability of 0.99
of surviving a given 2-hour fifght (this would correspond to one faflure per 100
flights, which is, in fact, a very high failure rate). 1If items A and B are both
functioning at takeoff time, there are only four possible outcomes--

- ltem A survives and item B survives: P = 0.99 x 0.99 = 0.9801.,
- tem A survives and item B fails: P = 0.99 x 0.01 = 0.0099
- ltem A fails and item B survives: P« 0.01 x 0.99 = 0.0099
- Item A fails and item B fails: P = 0,01 x 0.01 = 0.0001

In other words, the probability that A and B will both fail during tde mission is
only 0.0001, or an average of once in 10,000 missfons. If we were considering a
myltiple failure of three items, the average occurrence, even with the high
failure rate we have assumed here, would be once every million missions. WNote
the difference, however, if item A is in a failed state when the mission begins.
The probability that 8 will fail is .01; thus, the probability of a multiple
failure of A and 8 depends cnly on the probadility of the sacond failure .01, or
an average of one occurrence every 100 missions, This becomes a matter of
concern {f the combination has critical consequences. Because of the {ncreased
probability of a multiple fatlure, hidden-function ttems are placed in a special
category, and all such items that are not subject to other maintenance tasks are
scheduled for failure-finding tasks. Although this type of task is intended to
discover hidden faflures, rather than to prevent, 1t can be viewed as preventive
raintenance because one of its objectives is to reduce exposure to a possible
suitiple failure.

a. To iliustrate how the consequences of a myltiple failure might ba
evaluated, consider 2 sequence of failures, all of which are evident. If the
first failure has safety consequences, there is no need to assess the
consequeaces of a second fatlure. This first critical fatlure is the sole
concern, and every effort is made to prevent its occurvence., \hen the first loss

5-2
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Probability that

B survives = .83 -\

Prokability = .3801 A and 3 both survive

trobability that

A survives = .99 j
\ Probability that

; D Probability = .00 A survives, b fails
B fails = .01

Items A and B both
serviceable at start
of operation

Probability that

Bsurvives = .99 \

Prohability = .0099 A fails, B survives

Probability that J
A fails = .01

Prababhity that J

Biails « 31

Probability = G061 A and B both fail

Tree diagram showing the probubility of & multiple
failure of two items during the same mission when both

items are serviceable at initial siatlup.

Figure 5-1. Multiple Failures
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of function {= not critical, then the consequences of a second loss of function
must be investigated. If the combined effect of both failures would jeopardize
safety, then this multiple faflure must be prevented by correcting the first
failure as soon as possible. This may entail an unscheduled landing and will at
least require taking the equipment out of service unti] the condition has been
repaired. In this case, therefore, the first failure has operational
consequences.

b. Note in figure 5-2 that the multiple-failure conseguences need be
assessed only in terms of two successive failure events., If a third loss of
function wouid be critical, the second failure has operational consequences.
However, the first failure in such a sequence can be deferred to a2 convenient
time and place; thus, it has no operational consequences. Hidden-function
failures are assessed on the same basis, If the first failure under
considervation is a hidden one, scheduled maintenance is necessary to protect
against a muitiple failure. The intensity of this maintenance, however, is
dictated by the consequences of the possible multiple faiiure. If the
combination of this failure with a second failure would be critical, every effort
is made to ensure that the hidden-function will be available.

¢. Treating any single failure as the first in a succession of events that
could Yead to a critical multiple failure, permits the analyst to base a
maintenance program on the consgquences of single fatlures, .

5«5. Failure in complex items.

a. A complex {tem s one that is subject to many different failure modes.
As a resylt, the failure processes may involve a dozen different stress and
resistance considerations, and a correspondingly tangled graphic representation,
However, each of these considerations pertaini to a single failure mode - some
particular type or manner of failure. For instance, 2 bearing in a generator may
wear, causing the unit to vibrate and, ultimately, the bearing will seize., At
this point the generitor will suffer a tunctional failure, since it can no longer
rotate and produce electric power, Generators can also faii for other reasons,
but the failure mode in this case is bearing seizure. Of course, the bearing
itself is also subject to more than one failure mode. It may wear as & result of
abrasion or crack as a result of excessive heat. From the standpoint of the
generator, both conditions lead to the same failure, bearing seizure; however,
the maintendnce analyst must know the physical circumstances leading to a
particular failu=e in order to define an identifiable potestial-failure
condition. The manufacturer also needs to know that the bearing is prone to
failuvre, and that 2 modification is needed to improve the reliability of the
gengrator., Such a design modification i3 obviously desirable if one particilar
failure mode 15 respounsidble for 3 significant proportion ot all the fatlures of
the ftem, Such Tailure modes sre called dominant failure modes. :

b, As with failures fn simple items, the failure ages for a single failure
mode tead to concentrate zbout am average 2g3 for thst mode., However, the
average 3ges fur all the different aodes will be distributeds along the exposure

Qi ia.
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~ Nature of Failure LOnsequences

First Second Third
fatlure failure failupre

Fourth
failure

Effect on previous
failures in sequence

Critical

Operational Critical

Nonoperational Operational Critical

Nonoperational Nonoperational Operational

Lritical

fhe critical nature
of the first fatlure
supersades the
consequences of a
possible secund
failure.

A second failure
would bhe critical;
the first faflure
must be corrected
Sefore further dis-
paich and, therefore,
has operational
consaquences.

A third failure would
be critical; the
second failure must
be cerrected bafore
further dispatch, but
correction of the
first failure can be
deferred {0 a
convenient time and
location,

A fourth failure
would be critical,
the third failuyre
sust be corrected
before further dis-
patch, but correction
of the both the first

- and second fatlures

cin be deferred.

The consequences of a single failure as determined by the consequences of
a possible multiple faflure. A failure that does not, in ftseif, affect
operating capabilfty, acquires operational consequences i€ a subsequent

multiple failyve would be critical,

Figure 5-2. Multiple-Failure Consequences
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Consequently, unless there is a dominant failure mode, the overall failure ages
in complex items are usually widely dispersed and are unrelated to a specific
operating age. This is a unique characteristic of complex items., Nevertheless,
even in complex items, no matter how numerous the failure modes may be, the basic
failure process reduces to the same factor, the interaction between stress and
resistance to failure. Whether failures invnlve reduced resistance, random
stress peaks, or any combinatfon of the two; it {s this interaction that brings
an item to the failure point. The end item as a whole, its basic structure, its
systems, and the various items in it are operated in an environment which causes
stresses to be imposed upon them. The magnitudes, the durations and the
frequencies with which specific stresses are fmposed are all variable. In many
cases, the real spectrum of environmentally produced stresses is not known, The
ability to withstand stress is also variable. It differs from piece to piece of
new nominally identical equipment due to material differences, variations in the
manufacturing processes, etc, The ability to withstand stress may also vary with
the age of a piece of equipment. It is implied that an instance of environmental
stress that exceeds the failure resistance of an item at a particular time
constitutes failure of that item at that time.

5-6. Quantitative description of failure. Any unanticipated catastrophic or
critical failure prompts an immediate response to prevent the reoccurrence. In
other cases, however, it is necessary to know how frequently an item is likely to
fail in order to plan for reliable operation and safety. There are several
common reliability indexes on the failure history of an item.

a. Failure rate.

(1) The failure rate is the total number of failures divided by some
measure of operational exposure. In most cases the failure rate is expressed as
failures per 1,000,000 or 10=0 operating hours. Thus, if six failures have
occurred over a period of 9,000 hours, the failure rate is ordinarily expressed
as 0.667 X 10=3 failure/operating hour or 667 x 10-6 failures/operating hours.
Because measures other than operating hours are also usad (flight cycles,
calendar time, etc.), it is important to know the units of measure in comparing
failure rate data.

{2} The failure rate fs an especially valuable index for new equipment,
since it shows whether the failure experience of an item is representative of the
state-of-the-art, It is also useful in assessing the economic desirability of
product improvement. Early product improvement decisions are based on the
performance of units that have been exposed to fairly short individual periods of
time in service, and this performance is adequately measyred hy the failure
rate,

b. Mean time between failures {NTBF). The MT8F, another widely used
reliability indax, is the reciprocal of the failure rate., Thus, for six fatlures
in 9,000 operating hours, the MT8F would be 9,000/6, or 1,500 hours. This
measure has the same uses as the failure rate, Hote that the HTBF {s not
necessarily the same as the average age at failure,

5.5
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c. Probability of survival.

(1) With more extended operating esperience, it becomes possible to
determine the age-reliability characteristics of the item under study--the
relationship between its operating age and 1ts probability of failure. At this
stage, we can plot a survival curve, showing the probability of survival without
failure as a functior of operating age. This curve relates directly to the
generally accepted definition of reliability. For this reason, the survival
curve is commonly referred to as the reliability function.

(2) A survival curve is more useful than a simple statement of the failure
rate, since it can be used to predict the percentage of units that will survive
to some given age. The area under the survival curve can also be used to measure
the average 1ife of the item under consideration. If the probability scale is
divided into small increments, each of which is projected to intersect the curve,
the contribution of each of these incremental areas can be calculated and added
to determine the average life,

v. Probability of failure. Assuming the probability that an engine will
survive to 1,000 hours is .692, and the probability that it will survive to 1,200
hours is .639. The difference between these probabilities, .053, is the
probability of a failure during this 200-hour interval. In other words, an
average of 5.3 osut of every 100 engines that enter service can be expected to
fail during this particular interval, Similarly, an average of 5.0 engines can
be expected to fail during the interval from 1,200 to 1,400 hours. This measure
is called the probability density of failure.

e. Conditional probability of failure.

(1) The most useful measure of the age-reliability relationship is the
probability that an item entering a given agz interval will fail during that
interval., This measure is usually called the coenditional probability of failure,
i.e., the probabjlity of failure, given the condition that the item enters that
age interval. Sometimes, it is also referred to as the hazard rate or the local
failure rate.* The conditional praobability is related to both the probability of
survival and the probability density. For example, an engine beginning at zero
time has a probability of .692 of reaching the age of 1,000 hours; once it has
reached this age, the probability density of failure in the next 20J-hour
fnterval is .0053. Each engine that survives to 1,000 hours, therefore, has a
conditional probability of failure between 1,000 and 1,200 of 053/ gg5, or
077,

(2) If the conditional probability of failure increases with age, we say
that the item shows wearout characteristics and immed.ately wonder 1f an age
1iwit would be effective in reducing the overall failure rate. (Mote that the
term wearout in this context describes the adverse e’fect of age on reliabflity;
it does not necessarily 1mply any evident physical change in individual units.)

* In some Yiterature these terms are defined in a narrower sense to mean the

value obtained by computing the limit of the ratio as the age interval goes to
zero.
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Age-reliability patterns. In each case the vertical axis represents
the conditional probability of failure and the horizontal axis
represents operating age since manufacture, overhaul, or repair.
These six curves are derived from reliability analyses conducted
over a number of years, during which all the items analyzed
were found to be characterized by one or another of the age-
reliability relationships shown. The percentages indicate the
percentage of items studied that fell into each of the basic patterns
(United Airlines)
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Fiqure 5-3.

The bathtub curve: infant mortality,
fellowed first by a constant or gradually
increasing failure probability and then
by a pronounced “wearout” region. An
age limit may be desirable, provided a
large number of units survive to the age
at which wearout begins.

Constant or gradually increasing failure
probability, followed by a proneunced
wearout region. Once again, an age limit
may be desirable (this curve is charac-
teristic of aircraft reciprocating engines),

Gradually increasing failure probability,
but with no identifiable wearout age. It
is usually not desirable to impose an age
limit in such cases (this curve is charac-
teristic of aircraft turbine engines).

Low failure probability when the item is
new or just out of the shop, followed by a
quick increase Lo a constant level.

Coustant probability of failure at all ages
(exponential survival distribution).

Infant mortality, followed by a constant
or very slowly increasing failure prob-
ability, {particularly applicable o elec-
tronic equipment).

Age-Relfability Characteristics
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5-7. Age-reliability characteristics.

a. At one time, 1t was believed that all equipment wo:ild show wearout
characteristics, and during the years when equipment overnaul times were being
rapidly extended, the numerous conditional-probability curves for aircraft
components were developed to ensure that the higher overhaul times were not
reducing overall relfability. It was found that the condition.!-probability
curves fell into the six basic patterns shown in figure 5-3, Dattern A is often
referred to in reliability l1iterature as the bathtub curve. This type of curve
has three identifiable regionse-

(1) An infant-mortality region, the period immediately after manufacture or
overhaul in which there is a relatively high probabiiity of failure.

(2) A region of constant and relatively low fiilure probability.

(3) A wearout region, in which the probability of failure begins to
increase rapidly with age.

b. If the failure pattern of an item does, in fact, fit this curve, we are
Justified in concluding that the overall failure rate will be reduced if some
action is taken just before this item enters the wearout zone. In these cases,
allowing the item to age well into the wearout region would cause an appreciable
increase in the failure rate. Note, however, that such action will not have much
effect on the overall rate unless there is a high probability that the item will
survive to the age at which wearout appears.

¢. The presence of a well defined wearout region is far from universal.
Indeed, of the six curves in figure 5-3, only A and B show wearout
characteristics. It happens, however, that these curves are associated with a
great many single-celled or simple items. In the case of aircraft, such items as
tires, reciprocating-engine ~ylindars, brake pads, turbine-engine compressor
blades, and all parts of the airplane structure.

d. Most complex items had conditional-probability curves represented by
curves C to F-~that is; they showed no concentration of failures directly
related to operating aqe.

e. The basic difference between the failure patterns of compiex and simple
items has important implications for maintenance. Usually the
conditional-probability curve for a complex item will show some infant mortality:
often the probability of failure right after installation is fairly high. Also,
the conditional-probability curve usually shows no marked point of increase with
increasing age; the failure probability may increase gradualily or rematin
constant, but there is no age that can be identified as the beginning of 3
wearout zone. For this reason, unless there i{s a dominant failure mode, tmposing
an age limit does little or nothing to improve the overall reliability of a
complex {tem. In fact, in many cases, scheduled overhaul actually {ncreases the
overall failure rate by introducing a high fnfant-mortality rate is an otherwise
stable system,
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f. In contrast, single-celled and simple items frequently do show a direct
relatfonship between reliability and increasing age. This is particularly true |
of parts subject to metal fatigue or mechanical wear and items designed as f
consumables. In this case, an age 1imit based on some maximum operating age or
number of stress cycles may be highly effective in improving the overall
reliability of a complex ftem. Such limits, in fact, play a major role in
controlling criticalefailure modes, since they can be imposed on the part or
component in which a given type of failure originates.

g. It is apparent from the discussion thus far, that most statements about
our “iife" of equipment tell us little about its age-reliability characteristics.
For example, the statement that an aircraft engine has a 11fe of 2,000 operating
hours might mean any of the following--

(1) No engines fail before reaching 2,000 hours.

(2) No critical engine failures occur before 2,000 hours.

(3) Half the engines fail before 2,000 hours.

(4) The average age of failed engines is 2,000 hours.

(5) The conditional probability of failure is constant below 2,000 hours,

5-6. Applicability and effectiveness criteria. The RCM task evaluation
questions require that both the applicability and effectiveness criteria be met
if a task is to be acceptable. Figure 5-4 summarizes the appiicability and
effectiveness criteria for most cases. It is important to understand that the
applicability of a task depends on the failure characteristics of an item, and
the effectiveness of a task depends on the failure consequences for each case,
Therefore, an applicable task must satisfy the requirements of the
characteristics of failure. These requirements are differeat for scheduled
maintenance overhaul and remove/repiace tasks as shown in figure 5-4, The
applicability criteria is dependent solely on the type of task, regardless of
failure consequence. Once a task is chosen which {s applicable, the
effectiveness of that task in preventing the failure consequences must be
determined, Note that in figure 5-4 the effectiveness criteria varies by failure
consequences. Therefore, each type of task must meet the same effectiveness
criteria under the same consequence of failure. The specific applicabitity
criteria will be discussed in detail as the individual tasks are presented.

a. Effectiveness criteria for safety and hidden faflure consequences. The
evaluation of the effectiveness criterion is the same for each failure
consequence, regardless of the type of task. The effectiveness criteria for each
failure consequence are discussed separately. For safety consequences, the
effectiveness criterfa require that the task reduce the risk of critical failure
to an acceptable level, To assess the risk of failure, an iterative process must
be followed, After a task is proven to be applicable, an initial task interval
is assigned. Using this interval, the probability of failure must be low encugh
to ensure that failures are very unlikely.

5-10
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b. Effectiveness criteria for operational and economic consequences. For
both operational and economic consequence branches of the decision diagram, the \
criteria for effectiveness are a cost related matter. For operational /
consequences, a task may be effective if its cost is less than the combined costs
of the loss of operation and the failures that the task prevents. The decision
diagram in figure 5-5 can be used t¢ help determine cost-effectiveness. To
assess cost of the preventive tasks against the cost of failure, it is necessary
to know the failure rate. Tn question one of figure 5-5, the decisfon is made
whether the failure rate is high., A high rate of failure may be interpreted as
different values for different types of equipment. For example, it may be a
failure mode which rontributes to the majority of failures of an item. Question
two involves operational capability. Question three considers high repair or
operating costs caused by the failure mode. As shown by figure 5-5, the question
is only asked if either of the first two questions are answered “"no." Therefore,
if the answer to the third question is "no." the cost of a preventive task will
pe higher than the cost of repair. and the task is not effective., Question four
concerns real and applicable data. If the answer to question two or three is
“yes5," question four is asked. Real and applicable data are operating or other
real world data which can be directly applied to the case in question. If this
data shows that, for a similar item, a 1ike task proved cost-effective, then the
task under evaluation is assumed to be cost-effective for this failure mode. If
the answer to question four is "no," then an economic trade-off study is
performed. First, consider the purely economic case. The complete cost of the
proposed preventive task must be evaluated against the repair cost of the
failures the task would prevent. The cost of a preventive task is a function of
the interval, man-hours required, and the labor cost for the specified level of
maintenance. However, the cost of a corrective task is a function of the failure
rate, man=hours required, and the cost of labor at designated levels of repair,
For most applications, you can assume that other costs, such as supply support
and support equipment are the same for both the preventive and corrective tasks,
this relationship could be presented as followse~

Cpm = (NT per yr) (DMMH per preventive task) {(labor cost per hr)
Where Cpm = (ost of preventive task per year
NT = Number of proposed preventive tasks

DMMH = The total number of accumulated direct labor hours expended in
performing 3 maintenance action.

Ccm = (NF) (DMMH per corrective task) {(labor cost per hr)

5-12
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Where NF = Number of failures prevented by proposed task per year then :
Com = Cost of prevented failures per year \

A cost~benefit ratio can be developed as followse-

¢
Cost~benefit ratfio = CBR = 'Ug%

and when the CBR is calculated to be less than one, then the preventive task is
considered effective.

When the cost of supply support and supply equipment is not the same for
corrective and preventive maintenance, then the relationship can be expressed as
followse=~

Csepm = Cost support equipment for preventive maintenance.

Csspm = Cost supply support for preve.tive maintenance.

Csecm = Cost support equipment for corrective maintenance,

Csscm = Cost supply support for corrective maintenance.

CSR = Cost support rattio.

Csepm + Csspm
CSR ® Usecm * Ussem

A cost-benefit ratio can then be developed as follows:

CBR = égg « CSR
cm

When the CBR 1s calculated to be less than 1, then the preventive task is
considered effective,

In the case of operational consequences, a similar relationship can be
developed--

Copc = Cop * Cem
kKhere,

Copc = Cost of operational consequences per year and cost of prevented
fatlures per year,

Lop = Cost of lost operational time per year,

5-13
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Com s defined, above, for purely economic corsequences. To define Cop,
one method can be used as follows-- I

Cop = (Number operational hours lost per fatlure) (NF) (Cou)
Where Coy = Cost of an operating hour

COH a Acquisition cost of aircraft or equipment

Ptanned operating hours during fite cycle

The final relationship for operational conseauences again can be expressed in a
cost benefit ratio as follows-- :
CBR = C and
opc
When the ratio is proven to be less than
cost-effective.

1, the preventive task 1s considered

c. Combination of tasks. For safety consequences, & combinatton of
scheduled maintenance, overhaul, or replacement tasks is considered for cases
where no individual task is proven applicable and effective., Whenever
combinations must be evaluated, it is necessary to reexamine each RCM task for
that failure mode, and consider if it can be made applicable and effective in
combination with another RCM task, For example, a scheduled maintenance task in
combination with a safe life limit may be effective, where nefther task was
effective alone. The combination of tasks is considered to include every
possibility in developing a preventive task or tasks for safety consequences,
because the only alternative is to redesign if 3 preventive task is not found.
If an effective and applicable combination task is not developed, redesign is
required, If redesign is required by the iogic diagram, questions may arise
comcerning the incorporation of the design change, or whether the item can be
safely operated prior to radesign. In these cases concerning safety, confiicis
will be resolved by the ANC Safety Office. :

d. Schedulad maintenance task evaluation. Scheduled maintenance tasks are
the first to be evaluated for applicability and effectiveness. The applicability
and effectiveness must be evaluated for each failure mode and failure
consequence,

e. Scheduled maintenance. Scheduled maintenance fnterval and tasks are
discussed in chapter 6, but, to identify the applicability, there are three
considerations which must be covered., For a scheduled maintenance task to be
applicable, the three conditions are--

(1) It must be possidic to detect reduced failure resistance for a
specified fatlure mode.

514
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! NO
IS THE FUNCTIONAL FAILURE RATE HIGH? |—b

2

DOES THE FAILURE INVOLVE OPERATIONAL | NO
CONSEQUENCES? -

YES 1

-

3

YES | DOES ANY FAILURE MODE CAUSE UNUSUALLY
‘ HIGH REPAIR OR OPERATING COSTS?

¥ NO
4
DO REAL AND APPLICABLE DATA SHOW |NO
THE DESIRABILITY OF THE PROPOSED
TASK?
YES
|
ves |3 5 NO
g—{ DOES AN ECONOMIC TRADEOFF |~ |
STUDY JUSTIEY THE TASK?
TASK 1S COST- TASK IS NOT
EEFECTIVE COST-EFFECTIVE

DECISION DIAGRAM FOR EVALUATING THE PROBABLE COST-EFFECTIVENESS OF A
PROPOSED TASK WHEN PREVENTIVE MAINTENANCE IS NOT REQUIRED TO PROTECT
OPERATING SAFETY OR THE AVAILABILITY OF HIDDEN FUNCTIONS. THE PURPOSE
OF THE DECISION TECHNIQUES IS TO REDUCE THE NUMBER OF FORMAL ECONOMIC
TRADEOFF STUDIES THAT MUST BE PERFORMED.

Fiqure 5-5. Decision diagram for cost-effectivencss
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(2) It must be possible to define a potential fatlure condition that can be
detected by an explicit task.

(3) There must be a reasonably consistent aje interval between the time of
potential failure and the time for functional failure.

As an example, suppo»2 a visible crack fs used as a measure of metal fatique, as
shown in figure 5-6. Such an item is most failure resistant when it is new
(point A). The resistance drops steadily with increasing age and {s already
somewhat reduced by the time a crack appears (point B). Thereafter, it is
possible to monitor the growth of the crack (condition a) and define a potential
fatlure (point C, condition b) far enough in advance to permit removal of the
iten before a functional failure occurs (point D). Once a crack has appeared,
the failure resistance drops more repidly; hence, the rata of crack growth in
this item must be known in order to establish the interval T (condition c), which
will enable tne inspection interval to be determined that will effectively
monttor the failure mode.

5-9. Economic considerations. The economic considerations are divided into two
groups, operational and nonoperaticnal effects.

a. Operational effects. Task(s) is desirable if the cost is less than the
combined cost of the operational loss and the cost of repair. If economic
penalties are severe, redesign may be desirable,

b. Nonoperational effects. Task(s) is desirable if the cost of the task is
less than the cost of repair. Redesign may be desirable if economic peralties
are severe,

5-10. Detemining cost-effectiveness.

a. Since a moderate amount of information gathering is necessary for
calculations of cost-effectiveness, it is helpfyl to kncw whether the effort is
Tikely to be fruitful. The decision-diagram approach {fig 5-5) is also useful
in this area.

b. Up te this point, we have not been concerned about failure rate. since
it s not a primary measuyre of conscquences. In the case of critical failures,
it has no bearing; in fact, the sole objective is to avoid any failures on which
to base a rate. Where the consequences are economic, however, the total cost
depends on the frequeaty with which these consequences are 1ikely to occur. The
first gquestion in evaluating the cost-effectiveness of preventton, therefore,
concerns the fregquency of functional failyres.

¢. Since it {s seldoa worthwhile to deal with rare types of noncritical
failures, this question rules out items that fafl sg seldom that the cost of
scheduled maintenance would probably de greater than the benefits to be derived
from it. The term hich, of course, is open to interpretation. In airline
practice, a failure rate greater than i per 1,000 hours of fiight time is usually
considercd high, whereas, 3 rate c¢f less than 0.1 per 1,000 hours s usually not
considered impo-tant., This question is often easier to answer if the failure
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rate is described in terms of the number of failures per month. If the failure
rate is judged to be high, the next concern is the cost involved. Operational A
consequences are usually the major costs assoctated with a high failure rate.

d. Any failure that prevents continued dispatch of the equipment involves
operational consequances, However, the extent of the cconomic loss depends
largely on the intended use of the equipment. In a military context, for
example, a high cost might be imputed to the dispatch of an airplane with
restrictions on its operating performance. If the “aflure does have operational
consequences, the total cost of failure includes - combined cost of these
consequences and the cost of repair. Evea when operational consequences are not
involved, 1t may be adx¥  .1eous to forestall a particularly expensive failure
mode, This question m.- - investigated separately, since such failure modes
will usually be responsivie for only a small fraction of the total number of
failures. A "yes" 2nswer to either of the preceding two questions means that we
need further infc m-tion, It is possible to arrive at a "yes" answer to this
auestion 1f there is substantial evidence that this task was cost-effective in
the pas® “or this or a similar item. If so, the task can be scheduled without a
formal y_.dy. Otherwise the question of economic trade-off must be evaluated for
each of the applicable maintenance tasks. An economic trade-off study involves
several steps;

{1) An estimate of the incremental effect of the task on the fafiure rate
of the item for several different task intervals,

(2) A translation of the reduced failure rate into cost reductions.

(3) An estimate of the cost of performing the proposed task for each of
the intervals considered.

{4) Determination of the interval, if one exists, at which the cost-benefit
ratio 1s the most favorable.

e, Figure 5-7 shows a formula for evaluating the cost effectiveness of a
scheduled rework task., The cost fattors for inspection tasks and scheduled
overhaul tasks are quite different, Scheduled removals increase both thy total
shop volume and the number of spare units .equired to replace the units that are

. underening overhagl, Consequently, unless the frequency of a very expensive
. fatiure is materially reduced by an age Vimit, the fotal cost of this task will

usually outweigh its economic benefits,

f. In contrast, the total number of potential failures removed as a result
of scheculed inspections {s not appreciably greater than it would be if each unit
were allowed to fail, Moreover, tha cust of repairing potential *ailures is
gsually tass than the cost of repair after 3 functional faiture., As a result,
inspection tasks, when they are applicable, arve relatively easy to justify.

g. The important role of cost-effactiveness in RCM decisionmaking helps to

clarify the nature of inherent reliability characteristics. The inhereat

retiability of an item is not the length of time 1t will survive without
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preventive maintenance; rather, it is the level of reliability the item will
exhibit when it is protected by preventive maintenance and adequate servicing and
lubrication. The degree of reliability that can be achieved, however, depends on
certain characteristics that are a direct result of tne design details of the
equipment and the manufacturing processes that produced it. These
characteristics determine both the ne2d for preventive maintenance and the
effectiveness with which it can be provided.

h. The test of cost-effectiveness means that an RCM pragram will not
include some tasks that might reduce the likelihood of noncritical failures. _
However, when a failure has economic consequences, the inclusion of a task that
is not cost-effective would merelv transfer these consequences from one cost
category to another; it would not reduce them. Thus, the cost factors on both
sides must be considered inherent reliability characioristics, since they dictate
the level of reliability that is feasible for an existing design. Within this
framework, RCM analysis ensures all the operating reliability which is practical
for the equipment. Moreover, it results in a selection of only those tasks which
will accomplish this objective; hence, 1t also provides the required maintenance
protection at minimum cost.

i. Certain of the inherent reliability characteristicc of new equipment are
unknown at the time a prior-to-service maintenance program is developed.
Consequently, the initial program is somewhat more expensive than later
refinements of it will be (although it is still a minimum-cost program in terms
of the information avatlable at the time). This situation is inevitable because
of the default decision necessary to protect the equipment in the absence of full
information.
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[tem
Annual volume of operation

Proposed interval

Average base cost of repairing a failed unit $222

X Number of failed units per year X 2?7

Annual base cost of repairing failed units $22?

Average cost of operational consequence failure $227

X Number of failures that have operational consequence X 7

Annual cost of operational consequences ) $21?

Average base cost for a time-expired unit $2?

X Number of scheduled removals per year X ??

Annual total cost of time-expired units $2772

Cost of unit 112

X Number of spares required X 7%

Annual cost of required spares $???
Total Annual Support Costs Figure 5-7. $u?

A formula for analyzing the support costs associated with scheduled removals for
rework., At least four proposed rework intervals must be examined to determine
whether a costeeffective interval does exist.

. may be destrable to study a specitic expensive tallure mode Separately.

2. Includes cost of removing and installing unit at line station and of
transporting it to and from the maintenance base.

3. The number of failures with operational consequences ma)y be different from
the total, since not avery failure will have such consequences.

4. If the change in volume of work at the maintenance base results in changes in
facility requirements, the annual cost of such changes should be included in the
support costs,

Figure 5-7. Total Annual Support Costs
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CHAPTER 6

Task and Interval Selection

6-1. Task selection. Once it has been determined that scheduled maintenance fis
required, each failure mode must be evaluated to determine which of the available
tasks will be applicable and effective. This evaluation will be done in
conjunction with RCM logic questions 9 through 15 of the RCM decision diagram,
see figure 4-6. The evaluation of RCM tasks can be simply explained by
considering three basic questions--

a. Is a scheduled maintenance task {or combination of maintenance tasks) to
detect potential failures both applicable and effective? (See para 5-8 for
discussion of applicable and effective.)

b. Is an overhaul task to reduce the failure rate both applicable and
effective?

¢, Is a replace task to avoid failure or reduce the failure rate both
applicable and effective?

The RCM philosophy requires that these yuestions be evaluated in this order.

When one of the above tasks 1s found to be applicable and effective, that task is
included in the preventive maintenance program, and the evaluation for that
failure mode is completed with consideration for age exploration. (See chap 7.)
Therefore, once a task is selected, it is not necessary to evaluate another of
the three above questions.

6-2., RCM ctask preference,

a. The characteristics of the tasks, themselves, suggest a strong order of
preference on the basis of their overall effectiveness as preventive measures.
The first cholice for & scheduled maintsenance action is always lubricate and/or
service, This is due to the necessity of replacing or adding critical fluids to
the item, The next cheice is a scheduled inspection, particularly 1f it can be
performed without removing the inspected ttem from the equipment. This type of
preventive maintenance has a number of advanfages. 8ecause scheduled
inspections/tasts identify individual units at the notential failure stage, they
are particularly effective in preventing specific moces of faflure. Hence, they
reduce the Ytkelihood of failures and operational consequences that would
otherwise result from that faliure mode, For the same reason, they also reduce
the average cost of repair by avoiding the expensive secondary damage that might
be causad by a functional faflure. The Fact that a scheduled iaspection/test
fdeatifiey individual units at the peint of potential fallure, means that each
unft realires almost a1l of its useful lifa. Since the number of removals for
potential fatlures fis only slightly laiger than the number that would result from
functional fatlures, both the repair costs and the number of spare units
aecessary to suppert the repair process are kept to a minimum, The scheduling of
inspections, at a time when the equipment is out of service, concentrates the
discovery of poteatial failures to the maintanance organizations that perform the
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inspections. This fact, together with the lower probability of functional
failures, further reduces the inventory of spare parts that would, otherwise,
have to be kept available at each site. If no applicable and effective
inspection/test can be found, the next choice is a scheduled
adjust/align/calibrate task., These tasks may be performed as a result of an
inspection or test. In that case, a scheduled adjust/align/calibrate task would
not be required. One of these tasks is preferred over the next block of tasks
because it allows for reuse of the item through restoration of serviceability,
thereby, obtaining the maximum amount of service with minimum expenditure of
resources.

b. If there is no applicable and effective inspection or adjustment, then
the next choice is a scheduled overhaul. Scheduled overhaul of single parts or
components leads to a marked reduction in the overall failure rate of items that
have a dominant failure mode (the failure resulting from this mode would be
concentrated about an average age). This type of task may be cost effective if
the failures have major economic consequences. An overhaul age limit usually
includes no restriction on the remanufacture and reuse of time expired units;
hence, material costs are lower than they would be if the entire unit had to be
discarded. Any scheduled overhaul task, however, has certain disadvantages.
Because the age limit applies to all units of an item, many serviceable units
will be removed that would otherwise have survived to higher ages. Moreover, the
total number of removals will consist of failed units plus scheduled removals.
Hence, the total workload for this task is substantially greater than it would be
with inspection, and a correspondingly larger number of spares is needed to
support the process. Scheduled replacement is economically the least desirable
of the preventive maintenance tasks, although it does have a few desirable
features, as safe 1ife limit on simple components can prevent critical failures
caused by certain failure modes. Similarly, an economic life limit can reduce
the frequency of functional failures that have major economic consequences,
However, a replacement task is, in {tself, quite costly. The average life
realized by an item subject to a safe 1ife 1imit is only a fraction of its
potentially useful 1ife, and the average 1ife of an item subject to an economic
1ife limit is much less than that of many individual units. In addition, a
replacement task involves the cost of replacement, as new {tems or parts must be
purchased to replace the time-expired units, since a life timit usuaily does not
permit remanufacture and reuse.

6-3. Determination of maintenance intervals,

a. Once the RCM logic has been applied and a decision has been reached on
the type of maintenance to be performed, then safety and cost considerations must
be addressed to establish the mafntenance intervals, Scheduled fnspections and
replacement intervals should coincide whenever sossible to reduce the impact on
the user, This sectfon presents the considerations that must be addressed when
establishing intervals for inspection/test and replacement monitoring and
analyzing the cost of unit monitoring and analyzing the cost of unit
maintenance.

b. Following are the general considerations to be addressed for each of the
above categories:
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(1) Replacement limits,

(a) Raplacement limits are established for ftems where inspection/tests
or unit maintenance {s not feasible from a safety or cost-effectiveness

standpo;nt (e.g., does not provide adequate assurance of detection prior to
failure).

(b) Replacement limits are established as a prerequisite for assuring
safety or cost-effectiveness. The general techniques to be followed in
establishing hard time replacement intervals are as follows:

1. Safety consideration,

a, MIL-STD-882, System Safety Program for Systems and Associated Subsystems
and EGuipment: Requirements for, prescribes requirements governing safety.

b. AR 385-55, Prevention of Motor Vehicle Accidents, describes vehicle
safety standards. These standards should be addressed during the analysis.

c. The safety replacement interval is usually established by first
estabTishing the cumulative failure distribution for the item {this distribution
can usually be obtained from empirical test data or from reliability
predictions), and then establishing a replacement interval which results in an
estremely low probability of failure prior to replacement. Figure 6-1 shows an
example of how a replacement interval can be established for safety
considerations. The cumulative failure distribution was established for the
component and then the resulting l1imit was determined which would provide an 85
percent probability tiat the component would not fail prior to replacement.

d. The replacement interval for the component falls within the anticipated
service life of the system. If the limit exceeds the service life, preventive
replacement is not required.

2. Cost and effectiveness consideration.

3. Where the failure does not cause a safety hazard byt rather causes
misston failure, the replacement interval is established in a trade-off process
tnvolving the cost of replacing components, the cost of a failure, and the
readiness requirement of the equipment/system.

b. The process of establishing the replacement fnterval {Tr) is
accomplished through minimization of the following cost equation:

C(Tr) = {Lpr ¢+ CE(F(Tr)))/Tr
where
C{TrY = Expected cost per unit time,

Cpr = Cost of a oreventive replacement,
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Cf = Cost of a failure {Includes cost of part replacement and system
downtime)., The suggested methodology for calculating the cost of J
system downtime, e.9., Cop (cost of lost operational time per year). ‘
This could be modified to the cost of lost operational time per
failure, e.g., number of operational hours lost per failure X Cyp.
If Cf = Cpr then cost is not a determining factor. The value of Tr
should be established based on mission requirements.

Con = Cost overhaul.
F(Tr) = Expected number of failures in interval Tr.
Tr = Replacement interval.

c. Depending upon the equation defining the failure distribution, this
equatTon can be solved by differentiation or by iteration (substituting different
values for Tr and calculating the resultant expected cost).

d. After the minimum-cost replacement interval has been established, the
effects on system downtime should be reviewed to assure an acceptable readiness
rate is achieved.

3. Other considerations. 'n the establishment of scheduled replacement
intervals, one must note the desirandility of consolidating several scheduled
replacements te occur at the same irierval. A minimization of the summations of
the individual costs is then sought, The minimization formula previously
presented can be used in summation to establish this group scheduled replacement
interval. However, if the intervals zre relatively close to each other, a mean
interval may be selected and used if the effects on the cost and readiness of
individual items are not materially affected., (Where degradation in readiness or
cost is not prohibitive, consideration should be given to establishing mission-
related replacements to occur concurrent with safety related replacement.)

(2) Scheduled maintenance.

{a) Scheduled maintenance is established for those items where operator/
crew monitoring is not feasible from a safety or cost-effective standpoint.

(b) Scheduled maintenance intervals are estabiished for two purposes: to
locate imminent fatlures and to detect the occurrence of a failure. In etther of
these cases, the corsequence of a failure may bde a safety hazard or mission
abort,

{c) Scheduled maintenance--detect imminent fatlures.

1. The faflure characteristics of an item which would use scheduled
waintenance as 3 preventive procedure has two distinct failure distributions.
The first distribution is that dualing with time to onset of a fatlure; 1.e., the
distribution of time until evidence of fmminent fatlure can be detected. The
second distribution deals with the time from oncet to occurrence of the faiiure.
(See fig 6-2.)
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2. Safety consideration.

a. The objective of scheduled maintenance, in this instance, is to schedule
the inspactions so that there is a very low probability that a failure will occur
between inspections. This probability of failure is composed of the probability
that failure onset will occur, and the onset will go to failure all within the
inspection interval. If the average time to onset is much larger than the
average time from onset to failure, consideration should be given to establishing
a usage dependent inspection program, i.e., wait to start inspections until the
ftem has obtained a certain amount of usage. Of course, such usage dependent
intervals would only be feasible where usage information is maintained by the
field on the item under consideration.

b. If on the item usage information is not routinely maintained by the
field, then the distribution of time from onset to failure becomes the
fundamental consideration in establishing the inspection interval.

Q, Mission consideration.

a. Where the failure does not cause a safety hazard, but rather causes a
mission failure, the inspection interval is established in a trade-off process
involving the cost of conducting inspections, the cost of a failure, and the
readiness requirement of the equipment/system.

b. Tne process of establishing the inspection interval (Ti) is accomplished
through minimization of the following cost equation:

C(Ti) = [C1 + Cfu (F(Ti))J/Ti

where

(i) = Expected cost per unit time.

Ci = Cost of an inspection.

Cfu = Cost of an undetected failure (i.e., cost of the end item
operating in a degraded mode).

F(T1) a2 Expected number of failures in {nterval Ti,

The Operational Node Summary/Miszion Profile could be used as a basis for
determining the cost of an undetected failure, e.g.:

6-17
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EXPECTED LIFE COMPONENT

MISSION AVG DAILY USE (360 DA/YR) COST
"MOVE 5 Miles 20 Yrs $2,350,000
SHOOT 2 Rounds 10 Yrs 175,000
COMMUNICATE 1 Hr 10 Yrs 12,000

TOTAL WEAPON SYSTEM $Z,537,000

Cfu = 2,350,000
(20 x 360)

= 2,350,000

b

= $326.39
NOTE: This example assumes the system would not be able to move fer 1 day.

c. Depending upon the equation defining the faflure distribution, this
equatTon can be solved by differentiation or iteration (substituting different
values for Ti and calcuiating the resultant expected cost).

d. After the minimum cost inspection interval has been established, the
effects on system downtime should be reviewed to assure an acceptable readiness
rate is achieved.

4., In establishing inspection intervals, one must consider the desirability
of arranging several inspections to occur at the same interval. A minimization
of the summation of the individual cost is then sought. The minimization formula
previously presented can be used in summation to establish this group inspection
interval, However, if inspection intervals are relatively close to each other, a
mean interval may be selected if cost/readiness of individual items are not
materially affected (where degradation in readiness or cost is not prohibitive,
consideration should also be given to scheduling the mission-related inspections
to occur simultaneously with related inspection).

(d) Scheduled maintenance--detect failures.

1. Safety consideration.

3. If this RCM option is acceptable, the failure is such that injury does
not immediately result with failure, but the chance of injury ingcreases the
longer the failure goes undetected.

b. The object is, thus, to establish an finspection interval xhere the
expected time that a failure would go undetected is within ucceptadle bounds. If
the failure density function §s known, it should be used to establish the
inspection interval.

C. In cases where the density function is not known or is not amenable to
mathematical maripulation, the expected time that failure qoes undetected can be
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approximated by one half of the product of the probability that a failure occurs
and the inspection interval,

j{. Mission consideration.

a. Where the failure does not cause a safety hazard, but rather causes
mission failure, the inspection interval is established in a trade-off process
involving the cost of inspection, the cost of an undetected failure, and the
readiness requirement of the equipment/system.

b. The process of establishing the inspection interval (T1) is
accomplished through minimization of the following cost equation:

C(T1) = [Ci + Cfu (Ti)g J/TH

where

C(Ti) = Cost per unit time

Ci = Cost of an inspection

Cfu = Cost per unit time of an undetected failure
(i.e., cost to the mission per unit time due to
end item operating in a degraded mode}.

(Ti)fy = Expected period of time that a failure would

go undetected in inspection interval Ti

[T Depending upon the equation defining the failure distribution, this
equation can be solved by differentiation or by ifteration (substituting different
values for Ti and caiculating the resultant expected cost).

d. After the minimum cost inspection interval has been established, the
effocts on system downtime should be reviewed to assure an acceptable readiness
rate fs achieved.

3. In establishing inspection intervals, one must consider the desirability
of arranging several inspecticns to o¢cur at the same interval. A minimization
of the summation of the individual cost is then sought. The minimization formula
previously presented can be used in summation to establish this qroup inspection
interval. However, if inspection fintervals are relctively close to each other, a
mean interval may be selected if cost/readiness of individual items are not
materially affected /where degradation in readiness or cost s not prohiditive,
consideration should sisc be given to scheduling the misston-relatad inspections
to occur simultanecusly with related inspections).

{3) Operator/crew monitoring.
(a) Operator/crew monitoring is the process where the operator/crew detects

either experienced or impending failure through routine monitoring of the
operation and use of the item, The experienced faflures are those that are
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detected by the operator/crew when or after they occur, The impending failures
are those detectable before serious degradation occurs. Both types are
detectable directly, by the operator/crew, through the human senses (sound,
touch, sight, etc.), or indirectly, through the incorporation of design features
such as buili-in test equipment (BITE) and sensors/transducers (warning lights,
gaugas, etc.).

(b) Operator/crew monitaring is generally the most desirable of the types
of preventive maintenance requirements, as it will result in the least number of
maintenance actions, However, a high degree of opera*tiona™ availability or
safety may require the inclusion of scheduled maintenznc: :» <emponent
replacement to augment operator/crew monitoring.

{c) The cost of operator/crew monitoring must t- - ¢:-.'-ed for impending
and experienced faiiures so that a comparison to sche. "« :nd hard time can be
made. There should normally be low cost associated witrn ¢n operator/crew monitor
system. The operator/crew is already assigned to a system and, through
performance of normal duties, impending and experienced failures can be detected.
Whenever operator/crew monitoring is a cost alternative, it should be the most
effective. The cost equation for operator/crew monitoring is--

C(:;m) = (%f;_ + Cp) + (Cfu) (Ftu)

Expected cost of undetected failures
in life of system for crew monitoring.

n

Where C(C{cm)

Cost of research and development for
monitoring system.

[
3
(=9

]

Number of weapon systems/end items to be acquired.

=
[+
[}

Cost of monitoring system.

£
3
o

Cey = L35t of undetected failure.

Number of failures undetecled over the life of the system.

-
L d
[
L ]

(d) The probability that a failure can be detected by operator/crew
monitoring, either impending or experienced, will be determined from the FMECA cor
historical data. This probability is comprised of factors such as the
probability of the warning device, if included, detecting a faflure and emitting
a signal, and the probadbiiity of the operator/crew percefving the signal,

(e) The readiness would be ralculated for either case of opera*or/crew
monitoring: withoyt a warning device, 3nd with 3 warning device. These values
and the cost estimates would be traded off with those obtained from scheduled,
hard time, or a combinaticn of any of the three, to determine the optimuc
maiatenance reguirement,
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CHAPTER 7
Age Exploration
7-1. Age explnration,

a. The Age Exploration Program is an essential part of the overall RCM
program. Any complex equipment generates failures, and failure events will occur
throughout its operating life. The response to these events depends on the
failure consequences. If a failure that is not anticipated has serious
implications for safety, the first occurrence sets in motion an immediate cycle
of maintenance and design changes. In other cases, waiting until several
failures have occurred, allows a better assessment of their frequency to
determine the economic benefits of preventive tasks or possible redesign. Very
often, waiting until enough failures have occurred to permit an evaluation of age
reliability relationships provides the information necessary to modify the
initial maintenance decisions. Evolution of the preventive maintenance program
does not consist solely of reactions to unanticipated failures. The information
that becuines available, including the absence of failures, is also used for
systematic evaluation of all tasks in the initial program. On the basis of
actual data, the initial conservative intervals for scheduled inspections can be
adjusted and the applicability of scheduled rework and economic life tasks can be
investigated. Actual operations will frequently confirm the assessments of
failure consequences, but occasionally the consequences will be found to be more
serious or less serious than anticipated, or a failure *thought to be evident to
the onerating crew is not, and vice versa. The process by which all this
information is obtained is called age exploration, both because the amount of
informaticn is a direct function of the age of the equipment in service and
because some of this information relates to the ages of the ifems themseives.

0., Age exploration is the process of determining the reliability
cheracteristics of the equipment under actual operating conditions, which begins
the day a new item enters service. This process includes monitoring the
condition and performance of each item, analyzing failure data to itdentify
problems and their consequences, evaluating inspection findings to adjust task
intervals, and determining age reliability relatfonships for various items,

Since the decision process that led to the initial preventive maintenance program
was based on prior to service inforination, the program will reflect a number of
default decisions. As operating experience begins to produce real data on 2ach
item, the same decision logic can now be ujed to respond to failures not
anticipated, assess the desirability of additional tasks, and eliminace the cost
of unnecessary and over intensive maintenance resulting from the use of default
answers. In the pamphlet, certain aspects of age exploraticn, as they relate to
task intervals and the intensive study of individual items is the systems,
powerplant, and structures divistons, are considered, In a broad sense, however,
age exploration encompasses all reliability information on the item as it ages in
service. Thus, the heart of an ongoing maintenance progran is the collectica and
analysis of this information, whether by the enginearing arganizatiun or by a
separate group. Although intensive age 2xploration of individual items plays a
direct role in assessing their maintenance requirements, this is only ane of many
sources of reliability informatfon. In the case of qircraft, it 15 also not the
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information of most immediate concern. In order to respond to problems not
anticipated, an operating organization must have some means of identifying those
that require first priority. On this tasis, a ranking of the various types of
reliability data according to the priority of failure consequences is 1isted--

(1) Failures that could have a direct effect on safety.

(2) Fa'lures that have a direct effect on operational capability, either by
aborting the missfon or by restiricting its continuation,

(3) The failure modes of units removed as a result of functional failures.

(4) The causes of potential failures found as a result of scheduled
inspections.

(5) The general condition of unfaifed parts 1n units that have failed.

(6) The general condition of parts in units removed specifically for
sampling process.

7-2. The uses of operating data. It is important to recognize, that in
planning a prior to service program and at the age exploration stage, a fieet of
equipment does not materialize overnight. The number of items/systems in service
and the associated voiume of operations build up slowly. This allcws us to
concentrate first on the most frequent failures (since those that occur early
will continue to cccur early after either delivery or repair) or on those
failures with the most serious consequences. As the volume of operations
increases, the less frequent failures come to light and can be dealt with later,
This latter information may be obtained by deliberate heavy use of the first few
pieces of eqiuipment, the fleet-leader concept, although the small size of the
sample data presents a serious drawback. The reliability information obtained
from actual operating experience is quite varied. Although the failure rate
plays a role early in operation in pinpointing design problems and evaluating
task-effectiveress, an age exploration program is organized to provide the
foliowing kinds of information:

a. The types of failures the equipment is actually exposed to, as well as
their freguencies.

b. The consequences of each failure, ranging from direct s&fety hazards
through serious operational consequences, high repair costs, long out of service
times for repair, to a deferred need to correct {nexpensive functional failures,

c. Confirmation that functional failures classified as evident to the
operating crew are, in fact, evident during normal performance of duties.

d. Identification of the circumstances of fatlure to determine whether the

failure occurred during normal operation or was due to some external factor, such
as bird strike.

7=2
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e. Confirmation that scheduled inspections are really measuring the
reduction in resistance to a particular failure mode.

f. The actual rates of reduction in failure resistance to determine optimum
inspection intervals.

g. The mechanism involved in certain failure modes tc identify new forms of
scheduled inspection and parts that require design improvement.

h. Identification of tasks assigned as default actions in the initial
program which do not prove appliceble and effective.

i, Identification of maintenance packages that are generating few trouble
reports.,

j» ldentification of items that are not generating trouble reports.

k. The ages at which failures occur, so that the applicability of scheduled
overhaul and remove/replace tasks can be determined by statistical analysis.

Figure 7-1 summarizes the use of information in the age exploration process as it
relates to the overall preventive maintenance program. This table shows the
processes which must take place during the evolution of the meintenance program.

7-3. Modifying the Maintenance Program. The nature of the major subassemblies
in the item leads to different patterns in their maintenance requirements, and
hence, in the decision paths used to arrive at an initial set of scheduled tasks.
For the same reason, age exploration activities in the major divisions
(structure, power plant, etc.) tend to focus on different sources of reliability
information. In some cases, the study of individual items involves no specified
age limits; in others, it involves limits that are moved freely and rapidly

on the basis of inspection findings. The essential factor in all cases is not
the existence of an age limit, but knowing the age of each unit of the item
examined.

a. Age exploration of systems items. The systems division consists of a
large number of readily replaceable complex items and their relatively simple
fixed connecting lines. Usually, an initial systems program includes few
praventive maintenance tasks other than servicing and failure finding
inspections, and there are rarely cdefined age exploration requirements, as in the
powerplant and structure programs, The cost of corrective maintenance is fairly
low for most components and, when operating data indicate that additional
preventive tasks are justified, it is generally because of an unexpectedly high
faftlure rate that involves operational consequences. In scme cases, the failure
rate may be high enough to warrant the replacement o7 certain components with
more reliable ones. Since the reliability of components, on the whole, tends to
be lTow, the principal age exploration tool in the systems division is actuarial
analysis of fatiure data. OCrdinarily, the conditional probadility of failure for
3 complex item is #not expected to vary much with operating age. However, & newly
designed system will sometimes show a dominant fatlure mode that is both age-
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related and expensive enough to make an age 1imit task desirable, Figure 7-2
shows a conditional probability curve derived from operating experience with an
engine driven generator., There is little change in the failure rate until about
2,000 hours, when the bearing starts to fail; thereafter, the conditional
probability of failure increases with age as this failure mode becomes more
dominant. The survival curve in figure 7-2 shows the probability that a
generator will not suffer a bearing failure.

(1) Failure examples. Bearing failures cause such extensive damage to a
generator that the entire generator must be scrapped and replaced with a new one,
at a high cost, The bearing itself is relatively inexpensive. In this case a
cost analysis showed that it would be desirable to assign an economic 1ife
replacement task to the bearing at an interval of 4,000 hours. Such a task could
also be viewed as a scheduled overhaul task for the generator, with the overhaul
specification including discard and replacement of the bearing. The generator
and bus-tie relay were assignad a scheduled rework task for a different reason.
The relay is a complex mechanical item, and its basic functions are to convey the
power from each generator to its own load bus and to convey ground power to the
individual load buses. A failure of either of these functions will be reported
by the operating crew and will result in removal of the faulty relay for repair.
The relay also has a number of secondary functions, some of which are hidden.
When older units began coming into the shop for repair, many of the hidden
functions were found to be in a failed state; in addition, many of the parts were
so worn that the units could no longer be repaired. On this basis, the relay was
assigned a replacement at a maximum age limit of 14,000 hours for shop
disassembly to the extent necessary for repair. This task was intended primarily
to protect the important hidden functions, but the savings in repairable units, in
this case, more than offset the expense of scheduled removals. Although failures
not anticipated in the systems division rarely involve safety, some failures do
have serious enough consequences to be treated as if they were critical. One
such case was a failure of a landing gear actuator endcap. The endcap was
designed to have a fatigue life longer than the expected service life of the
atrcraft, and since corrosion was not expected to be a problem with this item,
the only task assigned in the initial program was an inspection of the cap
whenever the actuator was in the shop for repair. A check for internal hydraulic
leaks had also been discussed, but it was considered unnecessary for this type of
actuator, \Unfortunately, this actuator is not removed as part of the landing
gear, and it has a very low failure rate. Consequently, no inspectians had been
performed., The endcap actually experiences two failures in operation. These
failures originated in the exposed internal portion of the andcap, where an
O-ring 1s used to seal in the hydraulic fluid. The original design and assembly
techniques had allowed moisture to accumulate between the cap and body of the
actuator {on the air side of the O-ring), causing pitting carrosfon. When the
endcap separates from the actuator, all the hydraulic fluid is lost frow the
number 3 hydraulic system, and the landing gear cannot be retracted. If this
failure occurred during flight, the gear in the failed position would rest or the
doors, and when the pilot extended the landing gear, all three gears would stmply
free fall to the down and locked position. However, if the gear doors were alse
to fail, the failed gear would free fall through the cpening, and in the extreme
case 3t high speed, the door could separate and fall to the ground. This
multiple failure would be considered critical., hile naither of the two endcap
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failures, in themselves, were classified as critical, the action taken was
similar to that for an unanticipated critical fatlure. First, a safe life limit
was established for the endcap, and a modified part with greater fatigue 1ife was
designed. This modified cap was installed at or before the existing caps reached
the present life 1imit. Second, all actuators were removed and sent to the shop
for upgrading., Each actuator is disassembled, the endcap 1s replaced with the
new part, corrassion on other parts of the actuator is removed, and improved
corrosion protection materials are applied upon reassembly., Failure data are
also the basis for adjusting task intervals for hidden functions in systems
items. Many of the failure finding tasks are based on opportunity samples,
tests, or inspections of hidden functions on units sent to the shop for oiher
repairs., The results of these inspections are recorded and analyzed to find the
inspection interval that will provide the required level of availability at the
lowest inspection cost. The units tested in the shop are considered to be a
random sampling of the units in the operating fleet. Thus, the percentage of
failures found in the shop tests can be taken as the percentage of failures that
would be found throughout the fleet. Failure finding inspections of items
installed on the aircraft are performed at scheduled intervals. In this case,
the percentage of failures found will represent approximately twice the
percentage expected in the entire fleet, because the inspection occurs at the end
of the assigned interval, rather than at random times after the preceding
inspection.

b. Age exploration of powerplant items. Age exploration is an integral
part of any initial powerplant program. A completely new type of engine, often
incorporating new technology, is sometimes unreliable when it first enters
service. During the Tirst few years of operation, premature removal rates are
commonly high., The high removal rate makes it possible for the maintenance shop
to obtain information not only on the parts involved in the failure, but on the
condition of other parts of the engine as well. Most new aircraft engines
experience unanticipated failures, some of which are serious. The first
occurrence of any serious engine failure immediately sets in motion a
developmental cycle. The cause of the failure is fdentified, and a scheduled
task is devised to control functional failures until the problem can be resolved
at the design tevel. Modified parts are then incorporated in the operating
fleet, and when continued inspections have shown that the modification {s
successful, the special task requirements are terminated.

c. Age exploration of structural items. Whereas, systems and powerplant
items are designed to be interchangeable, there is no simple way of replacing
most structural eiements. Repairs and even detailed inspection of internal parts
of the structure involve taking the equipment out of service, sometimes for an
extended period. For this reason, structural items are designed to survive to
much higher ages than systems or powerplant components. Nevertheless, initial
fntervals in the structural inspection plan are only a fraction of this design
1ife goal, both because of the consequences of a structural failure, and because
of the factors that can affect the design fatigue 1ife in individual equipment.
These include variations fn the manufacturing process, overloads encountered by
individual equipment, loading spectra that differ from the standards employed by
the designer, environmental conditions causing corrosion, and accidental damage
from foreign objects. In the structure division, the inspection program is the
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vehicle for age exploration. Thus the initial intervals are intended not only to
find and correct any deterioration that may have occurred, but also to identify
the age at which deterioration first becomes evident for each structural item.
The inspection findings and work performed are monitored by engineers who record
all the relevant findings on those systems designated as inspection samples,

With this information, there is a good basis in the ongoing program for revising
the age at which inspectfons of structurally significant items should begin in
later delivery. In general, the interval to the first inspection in the initial
program is the same as the interval for repeat inspections, and successive
inspections are performed on each system as ft ages to identify the age at which
deterioration first becomes evident, Their procedure provides adequate
information for short intervals in relation to the fatigue 1ife design goal.
Inspection of an item at intervals of 5,000 hours, for example, will result in
documentation of its condition at total ages of 5,000 hours, 10,000 hours, 15,000
hours, and so on, However, if an item is assigned an initial interval of 20,000
hours, subsequent inspections at total ages of 40,000 and 60,000 hours would
leave great gaps in the flow of age conditior information. It is, therefore,
necessary to schedule inspections of several systems at intermediate ages to
ensure that the age at which any deterioration begins can be identified within a
close enough range for the information to be useful. The items that are assigned
such long intervals, of course, are those which not only have very little effect
on residual strength, but also have a very iow susceptibility to corrosion and
other damage. Because it takes several years for a fleet to build up, it is
always hoped that the conservative start of inspection intervals in the initial
program will apply only to the first few end items to reach these ages. It is
also hoped that inspection findings will support an increase in the ages at which
the first inspections are performed on subsequent items entering the fieet. This
increase is usually accomplished by “forgiving" the first few inspections in the
sequence rather than by changing the interval. The information obtained from the
inspections is supplemented by data from the manufacturer's continuing fatigque
tests, as well as by inspection information from other operating organizations.
Once the first evidence of deterioration does appear, this new information may
indicate that adjustment of the repeat interval itself would be desirable. When
early deterioration appears in a structural item, low start of inspection and
repeat intervals must be defined and maintained until design changes have been
incorporated that aveid the neea for such early and frequent inspections.

d. A relatively small number of sample inspections may be adequate for
economic purposes. For example, suppose an item has a relatively short average
fatique 1ife of 60,000 hours, In a sample of 10 items all of the same total age,
the probabtlity of discovering this defect by 50,000 hours is .63, and the same
defect would be expected to appear at this age in 10 percent of the uninspected
items, In practice, the sample inspections are performed on highest age {tems,
and when a defact {s discovered, fts incidence in the lower age ftems in the
fieet will be much less than 10 percent., When a large number were to be
inspected at a fixed major inspection interval, it was common practice to inspect
items of relatively Vaw significance on a fraction of the fleet (every fifth one)
and this practice was referred to as fractional sampling.
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Once the sampling inspactions have identified the age at whici an item begins to
show signs of deterioration, some action must be taken, This may be an increase
in the number of items sampled, perhaps to 100 percent, or it may be treatment or
modification of the affected area to forestal) deterioration in others., As the
fleet ages, more of the sampling inspecticus will revert to 100 percent
inspections, uniess such basic preventive measures are taken. Quite apart from
problems associated with higher ages, there is always the possibility of a
failure of a structural item that is not anticipated at more modest ages, just as
there is for systems and powerplant items. Note that this embodies the concept
of a long initial interval followed by short repeat intervals. The continuing
age exploration of damage tolerant structure will lead to the same results. Once
the age at which fatigue damage becomes evident has been identified for each
item, there will be either short inspection intervals starting at this age, or a
design modification that extends the fatigue l1ife of the item, making the
inspection task unnecessary. The decision to modify an item's structure depends
on its remaining technologically useful life., When 1t is likely to be outdated
soon by new designs, it is usually difficult to justify structural modifications
on economic grounds, and it may be necessary to perform frequent inspections of
ftems that have been identified as approaching their fatigue lives. T'n this
case, there fs an increasing 1ikelihocd that the detection of a fatigue crack
will also take the item out of service for repair. and if the cost of repair
cannot be justified, 1t may be necessary to retire it. wWhenever an active
modification policy is not followed, the frequency of repair and the number of
out-of-service incidents will be a direct function of the increasing age. it is
frequently considered axiomatic that all structural inspections must be
intensified when an item reaches higher ages. Hcwever, this has not necessarily
been the experience with some items because of the policy of modifying items as
soon as they are identified as nearing their fatique Tives. Consequently, in
decisions concerning fleet retirement, the cost of maintaining structural
integrity has been secondary to such factors as fuel crasumption, performance,
and payload and range capability. When a safe life structural item reaches its
defined life limit, there is usually no alternative to replacing it with a new
one. Thus, an item designed to safe life structure criteria must have greater
economic viability than one designed as a damage tolerant structure in order to
Justify the more expensive procedures that are required for continued operation.
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Glossary (continued)

Giossary-2

FSD full-scale developmen:

ILS - integrated logistics support

.!LSA integrated logistics support analysis
LOA -~- letter of agreement

LSA - logistics support analysis

LSAR logistics support analysis record
LSP - logistics support plan

MAC - maintenance allocation chart

M5C - major subordinate command

MSG - -- maintenance steering group

MTBF - mean time between failures
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Gloscary (continued)

Section I1I
Terms

Age Exploration. A systematic evaluation of an item based on analysis of
collected information from ine-service experience. It assesses the item's
resistaice to a deterioration process with respect to increasing age.

Acquisition Phases.

a. Concept exploration phase. The identifica.ion and expioration of
alternative solutions or solution concepts o satisfy a validated need.

b, Demonstration and validation phase. The period when selected candidate
sclutions are refined through extensive study and analyses; hardware development,
if appropriate; test; and evaluations.,

¢c. Fullescale development ph: The pe»iod when a system and the
principal items necessary fcr its ..,.ort are designed, fabricated, tested, and
evaluated.

d. Production and deployment phase. The period from producticn approval
until the last system is delivered and accepted.

; Catastrophic failure. A failure which may cause death or weapoa system loss,
Ly e.g., aircraft, missile, tank, ship, etc. This is the same as SHSC 1,

Corrective action. A documented design, process, procedure, or materials change
implemented and validated to correct the cause of failure or design deficiency.

e Corrective maintenance. The actions performed, as a resuit of failure, or
' potential failure, to restore an jtem tuv a specified condition.

T Critical component. The item identified in the equipment/system whese failure
& may result in a mission abort, mitsion failure, personal injury, or equipment
E damage, or loss of function required by regulation or statute,

Critical failure. A failure which may cause severe injury, major property
- . damage, or major system damage wnich will result in mission abort. This 15 the
b same as SHSC 2.

& Criticality. A relative measure of the consequences of a failure mode and its
' frequency of occurrences.

?f ; * Criticality analysis (CA). A procedure by which each potential failure mode is
S B ranked according to the combined influence of severity and prchability of

¥ SR occurrence,

""""
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Glossary (continued)

Design parameters. Qualitative, quantitative, physical, and fuactional valtue
characteristics that are inputs to the design process, for use in design
tradeoffs, risk analyses, and development of a system, that is responsive to
system requirements.

Deterioration. Degradation in quality, mission accomplishment, and/or
reliability due to age, usage, or environment,

Detection mechanism., The means or methods by which a failure can be discovered
by an operator under normal system oparation or can be discovered by the
maintenance crew by some diagnostic action.

End item. A final combination of end products, component parts, and/or materials
which is ready for its intended use; e.gq., ship, tank, mobile machine shop,
aircraft.

Environments, The conditions, circums’ ces, influences, stresses and
combinations thereof, surrounding and ..fecting systems or equipment during
storage, handling, transportaticn, testing, installation, and use in standby
status and wission operation.

Failure, Any deviation from the design-cpecified, measurable tolerance limits
that cause either a loss of function or reduced capability.

Failure cause, The physical or chemical processes, design defects, quality
defects, part misapplication, or other processes which are the basic reason for
failure or which initiate the physical process by which deterioration proceeds to
failure,

Failure effect. The consenuence(s) a failure mode has on the operations,
fun-tion, or status of an tem. Failure effects are classified as local effect,
next higher level, and enc effect.

2. Local effect - The consequence(s) a failure mode has on the operation,
function, or status of the specific item being analyzed.

b. Next higher level effect - The consequence(z) a failure mode has on ths
operation, vunctions, or status of the items in the next higher indenture level
above the indenture level under consideration.

¢. End effect - The consequence(s) a failure mode has on the operation,
functior, or status of the highest indenture level,
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Glossary (continued)

Failure mode. The manner by which a failure 1s observed. Generally describes
the way the failure occurs and its fmpact on equipment operation.

Failure mode and effects analysis (FMEA). A procedure by which each potential
faiiure mode in a system is analyzed to determine the results or effects thereof
on the system and to classify each potential failure mode according to its
severity.

Failure modes, effects, and criticality analysis {FMECA). An analysis to
identify potential design weaknesses through systematic, documented consideration
of the following: all Tikely ways in which a component or equipment can fail;
causes for each mode; and the effects of each failure and may be different for
each mission phase.

Function. The characteristic actions of units, systems, and end item.

Functional test. The quantitative evaluation of a system or component to assure
its ability to perform over the full operating range as designed, within
specified limits, and to detect deterioration.

Hidden failure. A failure which is undetectable during operation by che
operator/crew.

Hidden function=--

a. A function w.ich is normally active and whose cessation will not be
evident to the operating crew during performance of normal duties.

b. A function which is normally inactive and whose readiness to perform,
prior to it being needed, will not be evident to the operating crew during
performance of normal duties.

Incipient failure. A deteriorated condition that indicates that a failure is
about to occur,

Indenture levels. The item levels which identify or describe relative complexity
of assembly or function. The levels progress from the more complex (system) to
the simpler (part) divisions.

Inherent design leve! of reliability. That level which is huilt into the
hardware item, and therefore is inherent in its desigu., This is the highest
level of reliability that can be expected from the hardware item. To achieve
higher levels of reliability generally requires modification or redesign of the
hardware item,
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Glossary (continued)

In-service reliability, That characteristic of design and installaticn tiat will
ensure a system's (equipment's) capability to operate citisvactorily under given
conditions for a specified period of time.

Integrated logistic support (ILS). A unified and iterative approacn to the
management and technical activities necessary to--

a. Cause support considerations to influence requirements and design.

b. Define support requirements that are optimally related to the design and
to each other.

¢. Acquire the required support.

d. Provide the required support during the operational phase at minimum
cost.

Interfaces. The systems, external to the system being analyzed, which provide a
common boundary or service and are necessary for the system to perform its
mission in an undegraded mode; for example, systems that supply power, cooling,
heating, air services, or input signals.

Lubrication & servicing. Any act of lubricating or servicing an item for che
purpose of maintaining its inherent design operating capabilitfies,

Maintenance levels, The basic levels of maintenance into which all maintenance
activity is divided. The scope of maintenance performed within each level must
be commensurate with the personnel, equipment, technical data, and facilities
provided.

Maintenance planning. One of the nine principal elemeats of ILS. Includes
development of the maintenance concept, reliability and maintainability
parameters, repair level determinations, maintenance requirements, and supply
support essential to adequate and economical support of the system/equipment.
Planning becomes more detailed as the system/equipmant progresses through the
acquisition cycle.

Maintenance process. A procedure used to determine maintenance requirements and
may contain many maintenance tasks.

Maintenance tasks. An action or set of actions required tc achisve & desired

outcome which restores an item to or maintains an item in serviceable condition,
including inspection and determination of condition.
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Glossary (continued)

Manpower, The tutal demand, expressed in terms of the number of individuals,
assocfated with a system, Manpower is indexed by manpower requirements, which
consist of quantified 11sts of jobs, -Jots, or billets that are characterized by
the descriptions of the required number of individuals who fi11 the job, slots,
or billets.

Marginal failure., A failure which causes minimal injury, property damage, or
system damage which will result in mission delay or mission degradation., Special
operating techniques or alternative modes of operation involved by the loss can
be tolerated throughout a mission but shali be corrected upon 1ts completion.
This is the same as SHSC 3,

Minor failure. A failure not serfous enough to cause injury, property damage, or
system damage but which will vesult in unscheduled maintenance or repair after
completion of a mission. This is the same as SHSC 4.

Mission abort. The termination of a mission prior to completion because the
failure cannot be repaired within 30 minutes by the oneboard basic issue load
list.

Nonoperational eftects. Failure effects which do not prevent aircraft
operation, but are economically undesirable due to added labor and material cost
for aircraft or shop repair.

Objectives. Values, or a range of values apportioned to the various design,
operational, and support elements of a system, which represent the desirable
levels of performance. Objectives are subject to tradeoffs to optimize system
requirements,

Operational check. A task to determine that an item is fulfiiiing its intended
purpose, Does not require quantitative tolerances. This is a failure finding
task,

Operational effects. Failure effects which interfere with the completion of the
aircraft mission. These failures cause delays, cancellations, ground or flight
interruptions, high drag coefficients, altitude restrictions, etc.

Operational scenario. An outline projacting a course of action, under
representative operaticnal conditions, for an operational system.

Preventive maintenance. The care and servicing by personnel, for the purpose of
maintaining system/ejuipment safety and relfability levels, through systematic
inspection, detection, lubrication, cleaning, etc.
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Glossary (continued)

Redundant system. A system composed of two or more components, below major item
. level, efther of which is capable of performing the same mission or function
independently of each other,

Examples=-

1. Two launchers in a Hawk battery are not a redundant system. The
Taunchers are considered major items.

2. Two hydraulic pumps in an aircraft, one primary and the other secondary
are considered a redundant system since each can perform the same function
independently of the other,

3. The tank turret System is operated with a redundant system., This
first is electro-hydraulic and the second is manual.

4, The brake system and the parking brake system on a vehicle would not be
considered redundant. The brake system function is to slow or stop the motion of
a vehicle., The function of the parking brake is to hold a vehicle once it has
stopped.

Reliability centered maintenance, A disciplined logic or methodology used to
identify preveutive maintenance tasks to realize the inherent reliability of
equipment at a minimum expenditure of resources.

Scheduled maintenance. Periodic prescribed inspection and/or servicing of
equipment accomplished on a calendar, mileage, or hours of operation basis,

Severity. The ccnsequences of a failure mode. Severity considers the worst
potential consequence of a faiiure, dotermined by the degree of injury, property
damage, or system damage that could ultimately occur.

Single failure point. The failure of an item which wouid result in failure of
the system and is not compensated for by redundancy or alternative operational
procedure,

System engineering. The selective application of scientific and engineering
effort to--

a. Transform an operational need into & description of system performince

parameters and a system configuration through the use of an iterative process,
e.g., definition, synthesis, analysis, design, test and esaluation, etc.
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Glossary (continued)

b. Integrate related technical parameters and assure compatibility of all
physical, functional, logistic support, and program interfaces in a manner which
optimizes the total system definition and design.

¢. Integrate reliability, maintainability, safety, human, and other such
factors into the total engineering effort.

System/equipment. The item under analysis, be it a complete system, or any
portion thereof being procured.

Threat mechanism. The means or methods which are embodied or employed as an
element of a man-made hostile environment to produce damage effects on a weapon
system an¢ its components.

Trade<off, The determination of the optimum balance between system
characteristics (cost, schedule, performance, and supportability).

Training., The structured process by which individuals are provided with the
skills necessary for successful performance in their job, slot, billet, or
specialty,

Undecteciable failure. A postulated failure mode in the FMEA for which there is
no failure detection method by which the operator is made aware of the failure,

Unscheduled maintenance, Those unpredictable maintenance requirements that had
not been previously planned or programmed, but which require prompt attention and
must be added, integrated with, or substituted for, previously scheduled
workloads.

A
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