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FOREWORD

The 375 series of Air Force Systems Command manuals constitutes a procedural baseline for
management of programs involving relatively complex hardware. software. and management
interfaces. These manuals have been developed from critical analyses of AFSC management
experience with major system programs. They represent a standardized, integrated body of
proven techniques which, although designed to implement Air Force 373-series regulations govern-
ing acquisition of Air Force systems, are upplicable as well, to many nonsystem programs with
management requirements similar to those of major system programs. Consequently, HQ AFSC
will direct the application of these manuals to all programs which Headquarters USAF places
ander AFR 275 management and. as appropriate. to nther AFSC efforts.

The 373 series of AFSC manuzls was designed to cover toreseen management needs of systems
programs. Consequently, no program will find all provisions of all manuals necessary to its
particular needs. These manuals are to be employed selectively only to the extent that they serve
the needs of individual programs. It is the responsibility of each program director to determine
when departures are warranted and request necessary waivert under the provisions of AFSCR
375-2. '

AFSCM 375-5 serves two purposes. First, it defines = common system analysis process that
leads to system definition in terms of performance requirements on a total system basis. Secondly
it provides a detailed “rond map” of engineering actions during a system’'s life cycle in their
relative order of occurrence. It is interrelated with AFSCM 373-1, “Configuration Management
During Definition and Acquisition Phases,” in that the product of the analysis defined by it is
required to prepare Part I of the specifications which form the design requirements baseline. It
supplements both AFSCM's 375-3 and 375— by expanding on the engineering actions accomplished
during the typical system life cycle.

With tha increasing complexity of military systems, AFSCM 375-5 represents a forward step
to improved management techniques. Any commeats or questions regarding this or any of the
375-seriea documents should be referred to AFSC (SCSV) for resolution.
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Systems Manogement
SYSTEM ENGINEERING MANAGEMENT PROCEDURES

THIS MANUAL ESTABLISHES THE REQUIREMENTS, POLICIES, AND PROCEDURES
FOR SPO MANAGEMENT OF THE SYSTEM ENGINEERING EFFORT. IT IS THE
SYSTEM ENGINEERING MANAGEMENT STANDARD FOR A{LL FUTURE AFSC
SYSTEM ACQUISITION PROGRAMS AND PROJECTS.
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Chapter |
INTRODUCTION

1. GENERAL. In recent vears increasingly
complex military systems have been designed
and deveioped. During this time, there has
been an emerging awareness of the need for
and the importance of TOTAL SYSTEM
DESIGN. Groups of specialists emphasizing
reiiabiiity, maintatnability, survivability/vul-
nerability. facilities, transportaticn, saferv,
human performance, and system testing have
forced a recognition that a system does not con-
sist of equipment alone.

a. A rivstem” as defined in AFR 375-1 is
“a composite of equipment. skills., and tech-
niques capable of performing and/or support-
ing an operational role.” Through practice
the elements of a system have come to include
the organizational equipment required to per-
form the operational mission, equipment for
checkout. maintenance, and training; facilities
required to operate and maintain the system:
personnel trained and possessing the proper
skills to operate and maintain the system: and
the computer programs and procedures neces-
sary to operate and maintain the system. In
addition. the term *“'system’’ encompasses all the
ancillary equipment required such as instru-
mentation. depot tooling and test equipment.
installation and checkout equipment, etc.

b. All parts of a system must work together
and have a common unified purpose: namely, to
contribute to the production of a single set of
aighest outputs based on given inputs. This
absolute necessity for coherence requires an
organization of creative technology which can
lead to tne successful design of a complex mili-
tary system. This organized creative tech-
nology is called “system engineering.” Within
this manual, system engineering encompasses
terms such as system approach, svstem analysis.
system integration. functional analysis. system
requirements analysis, reliability analysis.

maintenance and maintainability task analysis.
and simiiar functions.

. System engineering is fundamentally con-
cerned with deriving a coherent total system
design to achieve stated requirements. It 1s
vital that those responsible for the management
of system engineering recognize the predomi-
nant and highly complementary role played by
engineering specialists in satisfving :otal
svstem design rennirements. The internlay
between the system engineers anu the engineer-
ing specialists requires the closest coordination
and is a major management problem which
must be faced and soived.

2. UNIFORM DESIGN PROCESS. No two s¥s-
tems are ever alike in their developmental
requirements. However. there is a uniform
and identifiable process for logically arriving at
systenu decisions regardless of system purpose.
size, or complexity. This manual describes and
specifies such a process: i.e.. a system engineer-
ing management process. The system engi-
neering process described herein is used to
logicallv consider and evaluate each of the in-
numerable militarv. technical. and economic
variables involved in total system design. 3e-
lecting the method of system operation and the
system elements is a highly invelved process
since a change in one system variable wiil
usually affect many other system variables. and
rareiy in a linear fashion. The generation of
a balanced svstem design requires that each
major design decision be based upon the proper
consideration of system variables, such as facili-
ties. equipment. computer programs, personnel.
procedural data. training, testing, logistics, and
intrasystem and intersystem interfaces. All
considerations must be made within the efec-
tiveness parameters of time. cost. and perform-
ance as defined or developed for the system.
This logical consideration, evaluation. and se-
lection of a balanced system design necessitates
the closest coordination of selected skilled per-
sonnel who are to work as a homogeneous
svstem engineering design team. The system
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eNgleertNg Jeam 1~ iespolstble for ransiating
operationai or advanced deveiopmental require-
ments into an aperable and economical =vstem.
This responsibility will not be sansted unul
<vstem documentation is complete: early tests
have proven the adequacy of Detail Specifica:
tions for design,/development and production:
andd final svstem tesrs and early operational use
have proved that the equipment. facilities.
trained persnnnei. and procedural data wiil
-1y the required military misston.

3. MANAGEMENT TOOL:

o Thiz manual i intended ro serve as a man-
agement tout and 13 adldressed to the deninition
of :vitem engineering management procedures
required to integrate the ~ctentific. vnuineering
skills involved in designing military systems.
It does not discuss the application of basic scien-
tific ranis of <vatem engineering, such as eco-
nomics, <hemistry. mechanics, electronics.
mathematics, or psychotechnics,

b. Succeeding chapters describe the signifi-
cant aspects of the overall svstem engineering
management process and summarize its objec-
tivesand AFZC policies and procedures govern-
ing execution of the function. Step-by-step
procedural guidance is contained in the exhibits
to the manual. Both the succeeding chapters
and :he exhibits are keyved to reference material
and examyples of system engineering documenta-
tion containea iii tiwe witdchments.

¢. It should be clearly understood from the
outset that application of the requirements of
this manual will. more often than not. neces-
sitate interpretation for a specific program
which then must be included in sufficient detail
in the work statement of the applicable con-
tractural instruments to be enforceable. Ef.
fective implementation of this manual is
dependent upon the vision. degree of under-
standing, and interest and acceptance by the
persons to whom its application is entrusted.
4. ABBREVIATI' NS AND TERMS USED IN THIS
MANUAL. For explanation of terms not in-
cluded below, see the following:

AFR 575-1—Management of System Pro-
Jruns

AFR 5375-2—xystem Program Office

AFR 375-3—Syvstem Program Director

10 March 1966

AFR GTA——>vatenm rosrun Doenenta-
rion

AFM 11-1—\ir Fovee Glosary of Stand-
arcized Terms aud Defimitions

AFSCM 27—l —Cannguration Manage-
ment During the Defnition and Aequisi-
rion Phises

AFSCOM aTi-b—~vatem 'rowmimin Oftfice
Manual

AFSCOM AT~ —=vsrem Progeam Manae-
ment Manual

{A)l—Alphabetic designator.

AAE— \erospace ancillary equipment—Equip-
ment other than orgamizational + AVE, OGE.
or MGE) required to install, azsemble. check-
N, test, repall, or triain personned to operdare.
vontrol, or mantin the svsrem.  Ln cases where
multiple utilization is made of oreanizational
cquipment e, where orcanizational MGE
test equipment 15 uswd in the assembly process
in the factory), the organizational categoriza-
tion (MGE) willapply. Examplesof A\AE in-
clude flight test equipment «instrumentation
equuptient ) : depor roohing aud depor rest equip-
ment tinertial measurement unit calibration
test equipment): installation and rheckout
{I&CY equipment (initial balaneing and adjust-
ment eqipment for environmental controls) :
<afety-destrnce: classes 1. I, and I1I reamning
equIpnIent (crew trainer. MIssion simifator. ac-
tnl svstem equipment s PalTs or components
thereof) : and mobile traming nnits.

A&E—Architectural and engineering.

Activation Functions—System production. train-
ing, and I&C actions that are necessary to initi-
ally procure. fabricare, traun, assemble, handle.
store, and prepave for shipment the svstem or
system elements at the point of acquisition, and
to transport. receive, install. checkout. and. as
equired. store the system or svstems elements at
the use locntion.  Such actions are normally
nonrepetitive actions duvime the development
program in prepavation for svsient, subsvsrens,
or ed-item testing,

ADO— Advanced development objecuive.

ADPE—Automated data-processing equipment.

AFCMD—Air Force Contract Management Di-
vision.
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AFSC—Air Force specialty code.

AFTO—Air Force technical order.

AMA—Air materiel area.
(A/N}—Alpha/numeric designator.

AVE— Aerospace vehicle equipment.—Equip-
ment which is. of itself. or is part of the manned
or unmanned vehicle which operates in the aero-
space environment. Examples of aerospace ve-
hicle equipment include bomb.nav computer.
airplane. booster. orbiting spuce station. en-
gines, reentry vehivle, command module, and
guidance package.

¢cs—Configuration control board.
¢CN—Contract change notice.
COR—Critical design review.
CEl—Contract end item.
CEIN—Contract end-item number.

Computer Program—The totality of computer
programs used to apply the capability of com-
puters to perform specific mission or tasks. The
programs can be grouped into three categories:
operational. utility. and support. The opera-
tional computer program is the link between the
computer equipment and the military operators.
It is the computer program which provides au-
tomated information-processing support to the
using command in performing its operational
mission. The utility computer programs are
programing “tools” such as compilers. fs-
semblers, etc., necessary in rhe production, de-
velopment, modification, and use of the opera-
tional programs. The support computer pro-
grams are those which are used for a va.icly
of monitoring functions but which are not re-
quired for system operations.

Critical RPIE Subsystem—A functional subsystem
of RPIE, designated ns critical early in the
definition phase for purposes of analysis of spe-
cinl design treatment. Criteria for designation
as critical shall be based on the functional rela-
tionship to direct mission operations or support,
technical complexity, or safery of personnel or
equipment. Critienl RPIE subsystems will
normally be designated enly in conjunction with
TSRP.

CRS—Calibration requirements summary.

AFSCM 375-5

ORN—Documentation revision notice.
ECP—Engineering change proposal.
Effectiveness Focters—Arvailability, depend.
ability, and capability and the attendant sub-
divisions or subroutines including reliability,
maintainability, safety, survivability, and
vulnerability.

EPOE—End piece of equipment.
ERRC—Expendability - recoverability - repara -
bility cost code.

FACI—First article configuration inspection.

Facilities—Buildings. structures. or other real-
property improvements as separarelv identifed
on the real-property recurus. inviuding items ot
real-property installed equipment attached to
or installed in real property. Facilities and
RPIE are further broken down into the follow-
ing categories: i 1) technical support real prop-
erty TSRP), (2) critical RP1E subsystem; (3)
nontechnical support real property (NSRP);
(4) industrial facilities.

FCEI—Facility contract end item.

Freguency Allecation—The allocation of fre-
quency spectrum to accommodate new or pro-
posed electromagnetic radiating equipment.
For U.S. military systems. the U.S. Joint Fre-
quency Panel, Military Communications Elec-
tronics Board (JFP MCEB). approves the
development and proposed operation of electro-
magnetic radiating equipment. Their deliber-
ations are based on joint U.S. military
frequency planning and consideration of inter-
nationel and national agreements.

FSE- -Facility system engineering.—The system
engineering effort related to the total develop-
ment of the complete technical support facility
element of a system, including its earliest defi-
nition, site planning, criteria development, de-
sign, and logistics and personnel subsystem
support. This function coordinates the tradi-
tional A&E activities and requirements of the
MCP with the system engineering process on
& continuing basis from early system concepts
to turnover of a complete operationn] system.
The facility system enginecr (FSE) is the con-
tractor. AFSC division civil engineering activ-
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ity, or combinations thereof that perform the
FSE function.

Function—A discrete action required to achieve
o given objective, to be accomplished by hard-
ware, computer program. personnel, facilities,
procedural data, or a combination thereof. It
is an operation the system must perform in
order to fulfill its intended mission,

G&C—Guidance and control.
GFE—Government-furnished equipment.
GFP—Government-furnished property.

Gross Function—An operations, maintenance.
test, or activation function. or combination
thereof. that represents the first possible fune-
tional breakdown of a system. Examples of
such functions fur a missile system could he
“flight mission.” *launch missile.”” “missile pre-
launch checkout,” “ergnnizational mainte-
nance.”” “produce system.” “'test system.” etc.

GSE/TDC—(reneral system engineering/techni-
cal direction contractor. inclnding normal in-
dustrial companies providing such services.

IAC—Integrating and assembly (including
checkout).

1&C—1Installation and checkout.
tM—Item manager.

Indenture—A method of showing relationships
te indicate dependence and an order of depend-
ence. Indentures may be shown by actual in-
dention, numerically or alphabetically. In-
denturing breaks down an item into assemblies.
subassemblies, components, and parts The
term also applies to the successive breakdown
of items such as functional diagrams and sche-
matic diagrams. In this manual, alphabetical
indenture is specified (reference Specification
MIL-M-8910).

Indusrrial Facilities— Test. plant, and procuction
facilities, including industrial construction.
plant modification or 2xpansion, speciai tooling.
and equipmei:t, uciired with the authorization
ard funding for Air Force R&D, which are re-
quired 4v a svst.m ccnatractor for research, de-
velopmene, production. and operation of «
system element.

10 March 1966 )
IP8—I1llustrated Parts Breakdown,

Intersystem/intrasystem Interfaces-——A common
boundary between two or more systems. equip-
ments. An example of intersystem interface is
a command and control system, interfacing with
o strategic wenpon svstem. .\n example of an
intrasvstem interface is the auropnlot (a system
elemenr) interfacing with rhe pneumatic com-
ponents of the directional control equipment of
the aerospace vehicle.

LP/BP—Local purchase or base procurement.

Maintenance Functions— . \crions on i svstem or
system element that are necessary \n order ro re-
turn a failed svstem element ro readiness 1enr-
rective maintenance functions) or to insure con-
tinuing normal system readiness (preventive
maintenance functions). Corrective mainte-
nance functions would meclnde functions such
as malfunction detection. i-nlation. repair re-
piacement, post-repatr checkout, and repatred
post transport and storage for any zvstem ele-
ment at any point in the svatem cvrele, )

MCN-—Master control number.
MCP—Military construction program.
MDS—Mission. design. series.
MGE—Maintenance ground equipment.
MIP—Materiel improvement proiect.
MTBF—Mean time between failures.

MTBM—Mean time between (preventive or cor-
rective) maintenance actions.

(N} —Numeric designator.
NHA—Next higher assembly.

NSRP—Nontechnical support real property.
Fixed capital facility nssets of the Air Force,
ncquired within the authorization and fundings
of the MCP which are not system-peculiar or
system-oriented and provile conventional non-
technical support to a system: i.e.. not critical
to the system. Examples include administra-
tion buildings, cafeterias., and conventional
maintenance shops and warehouses.

OCL—Operational control level.

OGE—Operating ground equipment.
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Operations Functions—Repetitive using-com-
mand/agency actions performed on a system
that has been turned over to the using command
and that are required to accomplish the given
system objectives in a normal uninterrupted
sequence. Examples of such functions for a
deploved missile system would include receiv-
ing alert indications, positioning or transport-
ing the missile, checking out the system,
launching, and accomplishing inflight opera-
tions, including required tracking and limited
data acquisition necessary to accomplish the
basic mission.

OSR—Operational support requirement.
PC—Prime contractor.

PCO—Procuring contracting officer.
PDR—Preliminary design review.

PERT/Cost—Program evaluation review tech.
nique and cost.

PMEL—Precision measurement equipment lab-
oratory.

PSPP—Proposed system package plan.
PTDP—Preliminary technical development plan.
QOR—Qualified operational requirement.

QQPRI—Qualitative and quantitative personnel
requirements information.

RAS—Requirements allocation sheet.
RPIE—Real-property installed equipment.
RFP—Request for proposal.
SCN—Specification change notice.

SEG/R&T—System Engineering Group of the
Research and Technology Division.

SEIP—System engineering implementation plan.
SOR—Specific operational requirement.

SOR/OSR/ADO—Specific operational requive-
ment/operational support requirement/ad-
vanced development objective.

$PD—System program director.
SPO—System program office.
SRA—Specialized repair activity.

AFSCM 375-5
SSM—3ystem support manager.

System Element—A constituent part of a weap-
on. support. or electronic system, normal'y one
of the following: (1) hardware, (2) computer
program. (3) facilities. (4) personnel, and (5)
procedural data.

System Segment— A discrete package of system
performance requirements. functional inter-
faces. and contract end irems contracted to one
contractor or assigned to one Government orga-
nization directly responsible to the procurement
agency for thar part of a svstem's total
performance.

System Engineering Mancgement—The ~nmbi-
nation of management actions to be accom-
plished during the life cyvcle of the system pro-
gram by the SPO. SEG R&T. GSE/TDC,
contract management activity, and contractors
necessary to control and document the engineer-
ing effort directed toward meeting total system
requirements. These actions include the estab-
lishment and maintenance of the technical in-
tegrity over all elements of the system includ-
ing hardware, computer program, procedursl
data, facilities, and personnel requirements.

TCTO—Time compliance technical order.
TD—Technical direction.

TEPI—Training equipment planning informa-
tion.

Test Functions—Actions necessary to demon-
strate or otherwise verify that the system and/
or system elements are capable of performing
basic mission requirements. Such functions
would include test requirement determination,.
testing, test support, and test result evaluation
during the conceptual, transition, definition, ac-
quisition, and operational phases (reference
AFSCM 375-4). This would include definition
phase feasibility tests; engineering evaluation
tests, reliability tests, production tests, and other
category I tests: acceptance test/verifications;
I&C tests; category II tests, including techni-
cal approval demonstrations to the using com-
mand/agency: follow-on developmental tests:
and follow-on operational tests.

R
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TSRP—Technical sunnort real propertv—Fixed
capital facility assets of the .\ir Force. normally
acquired within the authorization and funding
of the MCP which are svstem-peculiar or svs-
tem-oriented and which are required for all
technicai aspects of the rest, development. and
direct mission support of a specific svstem. Ex-
amples of TSRP are /1) operations facilities
directly associated with andg required for the
operation or readiness of the svstem. Their
relationship to other <vsten: elements 1s ~o inai-
inate that definit:on of requirements, design. and
construetion must be aceomphi<hed 1in comunc-
rion with other svstem clements on a total sys-
tem basis to meet svstem objectives: i.e.. launch
facilities, protective silos, comimard and con-
trol fac:lities, etc.: (2) rechnical support facil-
ities for direct and e~.entinl support of the
operational svstem and requiring close control
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and coordination during Jdehnition and design
to insure proper intertace with OGE and AVE
subsystems. i.e.. assembly and checkout facilities,
fuel storage, and processing and handling, spe-
cial component receiving, handling, and storage,
etc.: () test facilities required for test and
validation cf system components or subsystems
where critical configniratina and interfuce be-
tween thie component or =ubsvstem and the fa-
cility must be maintuned throueh the svstem
development and production vyvcles: (4) range
support facilities providing unique and critical
svstem functions in <upport of the operational
or test nussion: and (5) ~pecial training facil-
ities required for rrrining and snbject to the
same basic requiren.ents e ontrols as the
operational or support facility.

WUC—TWork unit code.
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Chogpter 2

OBJECTIVES

5. FUNDAMENTAL OBJECTIVES:

a. The basic objective of system engineering
is to specify the hardware, computer programs,
facilities, personnel. training, and procedural
data required to meet AF system mission re-
quirements. This manual prescribes the poli-
cies and procedures 1o be followed in managing
the system engineering efort. The system en-
gineering management process encompasses the
early identification of (1) AF system objectives,
(2) the *‘design to” requirements necessary to
meet these objectives, (3) the “build to™ re-
quirements which prescribe the ultimate con-
figuration of the system to be delivered to the
user, and (4) the requirements for personnel,
training, procedural data, and logistic support.
System engineering management as prescribed
1 this manual, will be initiated in the latter
part of the conceptual phase and continue
through the definition phase, acquisition phase,
and early operational phase of the system life

cycle (reference AF 373 series regulations and
AFSCM 375-4). The overall relationship of
this manual 1o other system management
manualsis illustrated in figure 1.

b. The two fundamental purposes of the sys-
eI engineering mithagenient process are (1) to
establish a single analysis, definition, trade-off,
and synthesis ot regu.acments and desigii s.-1a-
tions on a total system busis and (2) to provide
a clear and concise reference source for commu-
nication of selected system design solutions be-
tween the AF organizations. between AF and
the contractors. and amonyg contractor organi-
zavions. Design trade-offs must be made in
terms of time. cost. and performance, with these
factors weighted as appropriate for the system
being developed. The single reference source
will be evolved in consonance with the design
process and will be the basis for the identifica-
tion, control. and accounting of the system by
means of configurai jon management procedures
specified in AFSCM 375-1.

SYSTEM PROGRAM OFFICE *

(DIRECTOR z
AFSQM 375-

CONFIGURATION
MANAGEMENT DIV

AFSOM 375-1

PROGRAM CONTROL DIV

L.

1

DEPUTY DIRECTOR

PRCIJASMANT AND PROD
AFEQ 375-%

DEPUTY DIRECTOR
"R FOR
ENGINEERING

AFSQM 3715-5

DEPUTY DIRECTOR
FOR
TEST AND DEFLOYMENT
S 5=

Fgure 1. Systom Preg

Office Ory

izetion (reference APSCR 23-42),

*For an {ntroduction to the system program office (8P0). retcrence AFSCHM 375-3.
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6. SPECIFIC OBJECTIVES. The system engi-
neering managemenr etfort will be conducred to
satisfy che following specific objectives:

a. Define hardware. compuzer programs, fa-
cilities, personnel, and procedural dara thav are
required to fulfill rotal ~ystem or project
ohjecrives,

b Develop perfortance, design, and test pee
quirements during earty design on ihe basis of
thie ntegration and tde-oil of svstem periorm-
AR respuirenients, svstent cletients cequipnent.
comprer progeuns, facilities, provedneal data,
el personneld and svstem and end-item
Aesign constraints  oncluding, for example,
relbidity, mainenmabibicy, suevivability, val-
nerability, human pertormance, ~aferv.environ-
ment, life support-biomedical. procurability.
producibility,  interchangenbiiits. and rrans-
portabnlity ).

<. [uterrelate the desum edort with the de-
velopment of reqpurements for test, production,
statlation and checkont (1&C), acreptance.
suality assumncee. maintenance, and personnel
at an early pointan tie developient evele, anil
nuuntun this interrelationship throughout the
life cyele of the svstem.

d. Provide early information necessarv for
reviewing irems in the DOD inventory which
-in meet the requirements of the <vstem under
+onsideration.

e. Define and control the intersystem and in-
rrasystem interfaces at each step throughout the
definition and acquisition process.

f. Provide the necessary criteria in the sys-
tem performance/design requirements genernl
specification and detail specifications for eval-
uating contractor design development and pro-
duction effort against specified performance as
the busis for incentive-type procurement.

. Establish procednres for the control and
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accomplishment of -v<tem Jesien throughout
the life cvele of the program.

h. Provide a franmework of ecoherent system
requirements to be used as performance. design,
and test criterin: serve as source data for de-
velopment plans, contract work statements, spec-
ifications. test plans, design «rawings, and
ather spgineering (locinmentation.

Lo lstablish o singde sonres of standardized
~vatem requitetnent docmmentation which will
provide for clear il coneise communiceation of
vequirements between the A F and contractors
and among conteetors. Farablish a standard-
ized documentation which will provide a com-
won base for =P’} eviduation of contractor
proposails,

). Provide a functional svstem model for use
in genernting mathematical models. including
simulation techniques, to quantitatively evalu-
ate svstem effeceiv ene~s hefore. during, and after
desigm, fabrication, .l test of a system.

k. Provide the reclinical basis for configura-
tion management activities, such s definition
and Justification of  program  requirements;
extablishment of the prozram requirements base-
tine. design requirements baseline. and product
contiguration baseline: development of spec-
theations: and  justification for engineering
~hange proposals.

. Eliminave duplication in program require-
ment documentation,

m. Provide inregrated sourve data for deter-
mining treining requirements, such as training
courses und trnining equipment.

n. Provide integrated source data for deter-
mining logistic requirements. such as provision-
ing quantities, spare parts. and depot tooling.

o. Provide source data for deriving operating
and maintenance procedures, such as technical
manuals, technical orders. and utility manuals.
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Chopter 3
SCOPE

7. APPLICABILITY

a. The system engineering procedures speci-
fied herein are applicable to any system pro-
gram or project for which a formal definition
phase or acquisition phase is applicable or di-
recte. by higher headquarters (reference
AFSCM 375-4). However, these procedures
can be readily adapted to benefit sysrem pro-
grams and projects for which a definition or
acquisition phase, ir accordance with AFR 375~
1, is not directed {reference para. 11.0 exhibir
2).

b. This manual incorporates the requirements
of MIL-D-9412D (USAF), “Data for Aero-
sprce Ground Equipment (AGE).”

8. MANUAL ORGANIZATION. This manuai
esteolishes and describes a methoJalogy for
accomplishing the system engineering manage-
ment process. It contains two exhibits, in ad-
dition to the main body provided in chapters
1 through 6. These exhibits will provide a

basis for contractual requirement on applicable
systems or projects as specitied below :

a. Exhibit 1, “Procedures for System Engi-
neering Management.” presents the require:
nients to be met by the PO and contractors in
accomplishing syetem engineering. Exhibit 1
has been designed for contractual application
throngh the use of the procedures ourlined in
exhibit 2.

b. Exhibit 2. ~Implementation Require-
ments.” presents SPO requirements for imple-
menting this manual, an outline for the
required system engineering implementation
plan (SEIP), and crireria for selecting the sys-
tem engineering documentatinn applicsble to
the specified system or proje.  Also included
are the responsibilities of the Nystems Engineer-
ing Group of the R&T Division (SEG/R&T),
the general system engineering technical direc-
tion contractor (GSE/TDC). the integrating
nssembly contractor (IAC), the prime contrac-
tor (PC), and participating contractors.
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Chopter 4

POLICY

9. BASIC POLICY. The SPO will conduct sys-
tem engineering management in accordance with
the responsibility, documentation reviesw, and
control policies detailed in this chapter. This
chapter applies to any part of or exhibits to.
AFSCM 3735 which may be individually im-
plemented in 8 contract and will control in case
of conflict.

2. AFSC)! 375-5 defines an orderly process
for achieving total system design requirements
and the documentstion of technical informa-
tion leading to those requirements. It is not
intended to direct the contractor on how to
manage or organize, nor does it create approval
or disapproval rights beyond those called out
elsewhere in the contract.

b. Responsibility rests with the system pro-
gram director (SPD) for effective implementa-
tion of system engineering management within
the SPO and other interesting governmenta)
agencies, participating contractors, and the
SEG/R&T or GSE/TDC. Detailed policies
and procedures outlining the responsibilities of
SEG/R&T and all contractors. including GSE/
TDC, for the system engineering processes are
specified in exhibit 2.

¢. Formal reviews will be scheduled and con-
ducted to provids clear evidence of the progress
of the total program and of its technical ade-
quacy in all respects. Such reviews will be com-
prehensive and will be based on the system engi-
neering process prescribed by this manusl. Re-
views will include all the technica)] information
relating to the item under study necessary to
show its overall adequacy and will incorporate
the results of the investigation of the item's tech-
nical adequacy swith respect to specific disci-
plines; e.g., maintainability, safety, human per-
formsnce engineering, electrical design, and
mechanical design. No forma! reviews will be
conducted to assess less than the total design
adequacy of an item.

197-459 O-66—2

n

d. Documentation of the system engineering
effort will be in accordance with the require-
ments of this manual. The scope and degree
of complexity of the system under considera-
tion may not warrant full implementation of
the procedural and documentation requirements
specified. The degree to which these require-
ments are *¢ be app.ied will be specifically set
forth in the PTDP for the definition phase
and the PSPP for the acquisition phase (ref-
erence para. 8.0 of exhibit 2). Military speci-
fications requiring analytical effort may be
spplicable to system definition and acquisition.
These specifications will be applied only to the
estent that they supplement the requirements
of this manual. Duplicative effort is to be
avoided.

e. Control is to be achieved by directive with
Government agencies or by contract with indus-
trial organizations requiring these agencies to
comply with the process prescribed by this
manual.

f. System engineering management includes
the responsibilities of the SPO. the SEG/R&T,
and all contractors (including the GSE/TDC)
engaged in the engineering effort required to
meet system tequirements. The above defini-
tion includes, as sppropriate to the program
contract and mansgement structure, the func-
tion of facility system engineering (FSE)
either as an independent FSE contractor team
effort cr as an AFSC division civil engineering
sctivity effort supporting the SPO and employ-
ing an A&E contractor to accomplish FSE.
10. SPO/PROJECT OFFICE RESPONSIBILITIES.
The SPO or project office will provide overall
management of the system engineering process
defined herein. Hereafter, “SPO” refers to
system progrsm office or project office, which.
ever is applicable. Management includes exer-
cising authority over the development of the
system engineering documentation, related con-
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trols, and reviews as prescribed by this manual.
The SPD has the final approval authority over
uny controls, reviews, and cocumentation pre-
scribed by this manual. Specific attention will
be given to insuring (1) accomplishment of the
SPO actions described in exhibit 1,and (2) the
utilization of the system engineering process in
determining the impact of program changes on
total system requirements. The overall respon-
sibility for insuring participating agency com.
pliance with the system engineering process will
be assigned to the SPD. The SPO deputy di-
rector of engineering will be .assigned the
responsibility for technieal and administrative
management of the detailed system engineering
effort required by this manual. In addition to
technical task, the deputy director of en-
gineering personnel cesponsible for system
engineering will (1) provide overall guidance
to SEG. R&T or GSE/TDC and the contrac-
tors on the procedures of this manual: (2)
administer and coordinate appropriate sched.
ules: (3) serve as technical adviser to all SPO
and SPO-related organizations on the proce-
dures of this manunl: (4) disseminate appro-
priate system engineering documentation to
cognizant SPO and SPO-related organizations
for technical review: (5) chair meetings held
concerning application of this manual: (6)
approve the SEIP: and (7) oversee the admin-
istrative management of this manual. All or-
gonizational elements related organizationally
or functionally to the SPO (e.g., civil engineer.
ing activity, propulsion, reentry vehicle. and
AFCMD) that have a responsibility for any
part of the system will adhere to and support
the implementation of the system engineering
process.

a. Development of a System Engineering
Implementation Plan. The SPO will estab-
lish requirements for the SEG/R&T or GSE/
TDC to develop sn SEIP to impiement the
requirements and objectives of this manual
(reference para. 8.0. exhibit 2).

b. Establishiment of Contractual (wveruge.
The SPO will provide contractual coverage and
inemoran:la of agreement us necessary for the
tasks and levels of effort required to implement
the responsibilities of the SEG/R&T or GSE/
TDC, IAC or PC. and participating con-
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tractors specified in exhibir 2. (‘ontractusl
coverage will include exhibits 1 and 2 as imple-
mented in the SEIP and appropriate 310-1
data items (attachment 1).

¢. Proprietary rightx. Extrern: care must be
exercised by the NP0 not to disclose to third
parties any proprietary information properly
identified by the contractor in the system engi-
neering data.

11, REVIEW REQUIREMENTS:

a. Integrnted system engineering and tech-
nical direc.ion of engmeering eforts will be
reviewed on a periodic basis to determine the
technical adequacy of contractor efforts in meet-
Ing system requirements, including require-
ments for system erfectiveness, reliability,
maintainabiiity, logistic supportability, life
support/biomedical. human performance engi-
neering, survivability vulnerability, produci-
bility.  procurability. and  transportability.
These technical reviews. 1o be conducted by the
contractor. will in addition provide n basis for
technical direction. The SP() will assure that
all interested or afected commands (AFLC,
ATC, and using commands) are invited to par-
ticipate in these reviews in nccordanca with the
system management policies. procedures, and
responsibilities contained in AFR's 375-1. -2, -3,
and —.  Reviews will be ».ed by the SPO and
SEG. R&Tor GSE. TTa ' toevaluate and insure
utilization of the svstem engineering documen-
tation by the contrnctor as detailed in the con-
tract worx statement. The required reviewsare
categorized as follows : System requirements re-
views, system design reviews, preliminary
design reviews (PDR), critical design reviews
(CDR), first article configuration inspection
(FACI), scceptance test. and technmical ap-
proval demonstration (TAD),

b. During phase 1B of the definition phase
(reference fig. 3), scheduled reviews will be
established by the SPO and SEG/R&T or
GSE/TDC to esaluate the adequacy, complete-
ness, and internal contractor application of the
system requirements developed in the system
engineering process. During these reviews, the.
SPO and SEG/R&T or GSE/TDC will insure
(1) nssignment of action items for disposition
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of nonconformance identified as a result of eval-
uating system engineering documentation: (2)
availability of detailed svstem engineering
documentation to assess contractor progress in
developing specifications, in selecting equipment
and facilities. in defining intersystem interfaces,
in establishing personnel and procedural data
requirements. and in defining high-risk areas:
and (3) documentation of engineering in a way
to facilitate synthesis and integration of dif-
ferent contractor system und intersystem ele-
ments during phase 1C of the definition phase.
During the definition phase. system require-
ments reviews and system design reviews will be
the basis for initiaring technical direction.
During the acquisition phuse, PDRs, CDIts.
FACIs, acceptance tests, and TADs will be per-
formed on a scheduled basis to evaluate the con-
formance of preliminary and detail design with
the total system requirements stated in the Sys-
tem and Detail Specification.

¢. During phases I and II (reference fig. 2),
meetings will be required to resolve technical
problems. These neetings will not involve a
contractual change and will be classified as tech-
nical interchanges, which normally consist of
followup actions generated by the scheduled re-
views. A technical interchange may also be
established and conducted b/ the IAC or PC
as required to nchieve integrated svstem engi-
neering effort. Changes in requirements gen-
erated as a result of ““in process” reviews will be
formalized by technical directives. Technical
directives will be communicated to the contrac-
tor by the SPO through the PCO. In instances
where the technical or contract scope of the
change is extensive, technical direction action
may be concluded at s subssquent technical
direction meeting. Such meetings will be con-
sidered an extension of the original “in process”
review. Separate technical direction meetings
may be necessary to transmit changes in require-
ments generated by the SPO and SEG/R&T or
GSE/TDC or from higher headquarters. In
al] cases, technical interchanges and technical
direction meetings will be conducted within the
framework of system engineering established by
this manual.

d. Reviews and evaluations of engineering

progress will be made during the course of the
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program to assure that system design integrity
is maintained, technical deficiencies are isolated
at the earliest point in time, and necessary
changes are identified promptly. In general,
the depth of evaluation would include (1) re-
view of system and system segment perform-
ance. design, and rest requirements including
appropriate trade stucdies from which require-
ments were derived. (2) analysis and verifica-
tion of intercontractor functional interfaces,
and (3) review of performance and design re-
quirements for and test results of complex con-
tract end items (CEI) and components. Nor-
mally, the depth of evaluation would not include
recomputation nf contractor commonent/part
reliability anaiysis, aetaiied structurai analysis.
and other detailed or standard analytical ef.
forts; verification of material gage selection,
standard component/part selection. and de-
tailed functional and physical interfaces: eval-
uation of standard electronic component pack-
aging and other standard design techniques:
and evaluation of detailed circuit analysis, non-
critical component/part performance. and de-
sign requirements and solutions. While the
delineation of the entire range of actions en-
compassed by system engineering and technical
direction reviews will be contingent upon the
specific program under consideration, there are
significant actions during the definition and
acquisition phases which require specific atten-
tion. These are described below.

12. REVIEWS TO BE ACCOMPLISHED:

8. System Requirements Review. System re-
quirements will be reviewed by the SPO and
SEG/RAT or GSE/TDC when a significant
part of the system functional requirements has
been established and documented during the
definition phase. This review will normally be
made during the phase IB effort. Specific docu-
mentation to be reviewed, the technical depth,
the tentative schedule. and number of reviews
will be established by the SPO and SEG/R&T
or GSE/TDC. For example, the system re-
quirements reviews described in blocks 36 and
43 of exhibit 1 may be accomplishied as part of
the review called for in block 50. Reviews may
result in technical or system management re-
alignment to assure that the contractor’s initial
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technical interpretation of the contract is in line
with program objectives. The contractors shall
conduct these reviews of system requirements to
insure development of technically definitive
data.

b. System Design Review. The system de-
sign will be reviewed by the SPO and SEG/
R&T or GSE/TDC when alternative design
approaches, including corresponding test re-
quirements, have heen considered and the con-
tractor has defined and selected the equipment.
personnel. procedurnl Jnta, and facilities re-
quired. The schedule for rhis review will be
established by the SPO and SEG/R&T or
GSE/TDC. The reviex will normally be con-
ucred by the contractor when the definition ef-
fort has progressed to the point where the pro-
gram requirements and design approach are
more precisely defined. .is a product of this
review and evaluation, a rechnical understand-
ing is to be reached on the allocation of require-
ments to (1) the system segments identified in
the Svstem Specification, and (2) the CEI=
identified in Part [ Detail Specifications. This
review, together wirth phase IC evaluation and
synthesis. provides the necessary basis for initi-
ation of preliminary detign in phase II (see
ng. 2).

c. Preliminarmy Design Revieww (PDR).
PDRs will be conducted for each contrnct end
item. \When a major integrating contractor is
involved. the scope of the review shall encom-
pass the participating contractors. Its pur-
pose is to evaluate rhe progress, consistency.
snd technical adequacy of the selected design
and test approach and establish compatibility
with program requirements and preliminary
design. PDRs shall be conducted by the con-
tractor prior to starting detanil design. The
SPO and SEG/R&T or GSE/TDC will select
certain items based on their complezity and will
approve the agenda for the corresponding PDR
and review the preliminary design. The basic
documentation to be reviewed includes the re-
quirements and rest sections of the System Spec-
ification and the Part I Detail Specifications
(prime equipment, facility, identification item,
or critical components), and the Inventory
Equipment Requirement Detail Specifications:
accompanying drawings, schematics: interface
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drawings: and other svstem engineering docu-
mentation. PDRs are to assure that the design
approach in terms of equipment. personnel. pro-
cedurnl data. and facilities is an acceptable de-
sign solution to total system and contract end-
item requiremenis. Considerations at the time
of a PDR will inclnde compliance with design
and rest activarion crireria, evaluation of engi-
neering hreadboards and mocknps. interface be-
tween CEIlIs. schedule compatbility, and
design/development cost. PDRs will be con-
ducted on an incremental ~chedule established
by the contractor ~ubject 1o approval by the
SPO.  Action items resulting from PDR w 1l
be made contractnally binding an PDR partici-
punts by appropriate PCO action.  Detail
requirements .nd procedures for conducting a
PDR are specified in exhibit NIV, AFSCM
3v5-1.

A, Cpitical Desinpn Reviewe (' 11RY. CDRs
will be conducted on each CEI to derermine the
acceptability of detatl design. performance.
test. and activation characterisrics depicted by
the design solution specified in rhe Part IT De-
tail Specifications (prime equipmenr. facility.
iaentification item, eritical component), accom-
panyving drawings, and other svstem engineer-
ing documentation. In some cases, the desipn
solution may additionally be represented ty
mockups or breadbonrd models. These reviews
are to be conducted by rhe contractor prior to
complete commitment of resign to production.
As in PDRs. the SPO and SEG. R&T or GSE/
TDC will participate in development of the
agenda for the CDR. and review the designs
considered significant or critical to overall sys-
tem design, test, and nctivation. In establish-
ment of the acceptability of a specific CEL, the
prime requisite is to determine whether the
recommended detnil design and related test re-
quirements adequatelv satisfy the established
end-item design nnd test requirements. includ-
ing interfuces with personnel. fucilities. and
other system equipment. The product of n
CDR is SPO and SEG/R&T or GSE TDC
concurrernce. rejection, or technical direction rel-
ative to complete commitment of a specific
design to production. .\ction items resulting
from CDRs shall be made contractuaily bind-
ing on the participants by apprapriate PCO
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action. CDRs shall be conducted on an incre-
mental schedule established by the contractor
subject to approval by the SPO and SEG/R&T
or GSE, TDC. Detailed requirements and
procedures for conducting CDRs are specified
in exhibit XIV, AFSCM 3875-1.

e. Firat Article Configuration [nspections
tFACH. FACIs will be conducted by the
SPO and SEG. R&T or GSE TDC on the first
article scheduled for category II test or opera-
tional inventory suitable for systems integra-
tion. whichever is first. The FACI involves
compnrison of hardware with Part II Detail
Specifications and accompanving drawings
used in its production. It also includes deter-
ritnation of wierher changes dictated by pre-
vious reviews have been made. Successful
completion of the FACI establishes an ap-
proved product configuration baseline for the
CEI and results in initiation of formal engi-
neering change procedures (reference exhibit
IX of AFSCM 373-1 and ANA Bulletin 443).
After the FACI, there will be a contract action
to accept delivery of the CEI. Detailed re-
quirements and procedures for conducting
FACIs are specified in exhibit XIV, AFSCM
375-1. Inthe case of communication-electronic
facilities, an installation inspection is held after
the FACI and the results are certified on an
AFTO Form 58, “Communications- Electronics-
Meteorological Facility Installation Inspec-
tion Certificate” (reference T.O. 31-1-8).

f. Contract End Item and System A cceptance
Test. Acceptance tests will be held to demon-
strate conformance of the CEI to the require-
ments specified within the applicable Part II
Detail Specification. The result of a satisfac-
tory acceptance test is formal acceptance of the
CEI by completion of s DD Form 250, “Ma-
terisl Inspection and Receiving Report” (ref-
erence AFR 70-14). Subsequent to CEI test-
ing, system level acceptance tests will be
performed covering the assembly of end items
into subsystems or the complete system.

g Technical Approval Demonastrations
(TADs). Technical approval demonstrations
are normally held in conjunction with the turn-
over of the system to the using command when
multiple installatiors are involved. This re-
view and accompanying tests demonstrates that
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each ('El. each subsy:tem element. and the com-
plete system meet the overall systern require-
ments in the operational environment. The
SPD in coordination with the using command
determines the need for TADs on particular
system.

13. DOCUMENTATION REQUIREMENTS. Sys-
tem engineering results are to be documented
on forms covered bv AFSCM AFLCM 310-1,
following the intent and guidance of exhibit 1
to this manual. This requirement is applied
con.r-ctually by listing the required forms on
the DD Form 1423, “Contract Data Require-
ments List.” Total svstem requirements will be
identified. defined, and specified on a progres-
zive basis by mear: of tlis :v.rem engineeriny
documentation. This documentation forms the
basis for. evolves in consonance with, and ulti-
mately becomes a product of. the design process.
Normally the system engineering documenta-
tion required for delivery from a contractor
does not go below the CEI level except as war-
ranted for engineering critical components.
14. AIR FORCE MANAGEMENT CONTROL OF
SYSTEM ENGINEERING. Engineering effort
will be controlled by utilizing the procedures,
requirements, documentation, and reviews de-
scribed by this manual. The Jevel of control to
be exercised by the SPO will be progressively
increaged as a function of the level of design
achieved. The level of design will be designated
through the use of multiple sequential baselines
established at mejor commitment points in the
design process (i.e., for the definition of the
systero, & program requirements baseline; for
the development of the system, a design require-
ments baseline; and for the production of the
system, s product configuration baseline).
Management control will be augmented by as-
suring that all procurement actions are based
upon the hardware, computer program, facili-
ties, personnel, and procedura] dats require-
ments resulting from the system engineering
process defined herein. Positive management
control of svstem engineering will be accom-
plished by the SPO using the documentation
required in paragraph 13 and system require-
ments reviews, system design reviews, PDRs,
CDRs, FACIs, acceptance tests. and technical
approval demonstrations.
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15. CONTRACTOR MANAGEMENT CONTROL
OF SYSTEM ENGINEERING. Contractor man-
agement control shail be exerciced in conjunc-

tion with the contractor’s configuration man-
agement. internal drawing release, and specifi-
cation control systems. Nystem engineering
documentation established by this manual will
he utilized to develop. «efine, anid justify pro-
posed engineering changes vcontrolled by
AFSCM 375-1. Svstem engineering documen-
tation will normally not require further expan-
sion once the CEI Part | =pecifications and
associated interface contrnl Jdocumentation
have heen established except as necessary to sup-
port the generation of personnel subsystem in-
formation. technical manuals. and the mainte-
ance unalysis.

16. SYSTEM ENGINEERING CONTROL SUM-
MARY. A summary flow is presented in figure
2 toallustrate the use of the management proc-
ess (0 control the <virem engineering erffort.
Figure 2 is divided horizontally into the fol-
lowing four bands: (1) documentation, (2) type
of review, (3) contractual action, and (4) con-
fAeuration management baselines. The docu-
mentation band portravs the major kind of data
against which review actions will he conducted.
The review band illustrates the tvpe of review
necessary. The contractual band shows the con.
tract actions resulting from the revies. The
configuration management hand shows the eate-
gory of configurntion baseline control applicable
to or resulting from review. A\ summary
description of each black follows:

8. Block 1. System requirements are re-
viewed incrementally against rhe program re-
quirements baseline. System requirements re-
views assure that total system requirements are
being established. Tlhe result of these reviews
is visibility into the vontractor’s development
of requirements which contribute to satisfving
total system objectives.

b, Block 2. The svstem design is reviewed
aguinst the program requirements baseline, par-
ticularly the Systein Specificution. The system
design review takes place when the system ele-
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ments hiave heen selected and design approaches
have heen more precizely defined. The result
of this review is vicibility into the contractor’s
selection of system elements and design ap-
proaches for satisfving svstem requirements.

c. Block 3. PDRs are conducted against the
documentation of preliminary design ro vali-
date the approved design requirements baseline
thlock 2B) establislied by the Pt 1 Detail
Specifications,  The PDER asanres that (1) de-
sigm and test requuirements are valid, (2) the de-
<igm and test approach representinge the design
~olntion i~ aceeptable o ) punctional inter-
faces hetween end irem< have heen identified.
The vesult of a PDR infuences vontinuance of
detail desizm in accordanee with the approved
design approach.

d. Block 4. CDRs are conducted against the
detailed design information available: namely.
the initial Part IT Detail Specifications. The
result of a CDR i~ a vomiplete commitment of
design to production: ie. the contrctor will
produce equipment in aceordance with the detail
design presented at the CDR and modifications
to that design which resnit from CDR. CDR
actions in no way relieve the contractor from
meeting his contracr guarantees.

e. Block 5. FACIz are conducted to assure
that the hardware mutches the completed Part
IT Detail Specitications and accompanying
drawings used in its production.  The result of
FACT establishes an approved product con-
figuration baseline 1block 5.\ and is generally
a prerequisite to contract action which accepts
the delivery of the first article of hardware
(block 84).

f. Block 6. Acceptance tests are conducted
on CEIs and subsequently the assembled svstem
agninst accumnlated <pecificntions and draw-
ings. The result of acceptance tests is DD Form
250 “sigm ot (block 6.\).

g. Block 7. Technical approval demonstra-
tions nre conducted to demonstrate overnll per-
formunce of the assembled <vstem in its opernt-
ing environment. The result of Jemenstration
is formal turnover and acceptance of the system
by the using agency.
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Chapter 5
CONCEPT

17. FUNDAMENTAL CONCEPTS. The three fun-
damental concepts on which this manual is
based are:

a. Baseline Management. The intent of this
manual is ro establish and maintain a system
of documentation and positive definition and
control between interfacing AF requirements.
design reauirements, and design solutions of
the elements within a system (intrasystem)
and between systems (intersystem). This is
achieved by means of a concept of establishing
and managing the baselines through the use of
uniform documentation, engineering reviews,
and standard procedures which can insure an
orderly transition from one major commitment
point to the next in the system engineering
process. Baseline management consists of es-
tablishing the program requirements baseline,
the design requirements baseline, and the prod-
uct configuration baseline (reference AFSCM
373-1). These three baselines serve as engi-
neering reference points and represent the pro-
gressive and evolutionary development of
specifications nnd associated data. The specifi-
cations are a forcing function upon design, and
since they progress from general requirements
to detail requirements, they provide a level of
control which is initially of broad scope snd
is eventually narrowed to be more restrictive as
the design becomes more definitive. A con-
stant closed-loop relationship must be main-
tained between established system and design
requirements and design effort. thereby assur-
ing that the design effort is at all times purpose-
fully directed to meet, rather than exceed or
fall short of. total AF system requirements.

b. Design Prozess. Fundamentally, the proc-
ess involved in developing any design is u pat-
tern of common logical steps. The process
described herein defines theee steps within s
framework of engineering management. To
the mazimum extent practicable the require-
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ments of this document must hecome an integral
part of the design effort rather than a parallel
or reporting effort which duplicates the nor-
mal design effort.

. Functional Buxix, An essentia) element of
the process of svstem engineering is the em-
ployment of a functional approach as a frame
of reference for the identification of initiai re-
quirements at each design level of the system.
By translating AF requirements into the opera-
tions. maintenance. activation. and test func-
tions, which must be performed by the elements
of the system. a common reference point or
functional base is established for developing the
elements of the system. This functionsl ap-
proach can assure that definition is on a total
system basis in full recognition of all involved
elements; the possibility of omitting essential
elements is reduced ; o means for relating hard-
ware, computer programs. facilities, personnel,
and procedural data is provided: o clear frame
of reference for requirements is estsblished
and maintained: and communication between
personnel assigned to various system elements is
clearly established.

(1) The application of the functional ap-
proach to various types of systams results in
the logical definition of system elements. Fig-
ure 3, reading from left to right, illustrates the
system elements for typical system programs.
While system program types can vary widely,
it is necessary that all system programs initislly
identify the primary mission functions and re-
quirements, and then identify the functions and
requirements for supporting the mission as the
only basis for defining total requirements and
selecting svstem elements.

(2) For a typical manned space system, the
initia) effort is toward developing the flight
mission functions in order to define requirements
for serospace vehicle equipment (AVE) and
astronauts. Such operations functions may be
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“Achieve orbit,” ~Perform experiments.”
*Achieve rendezvous,” ‘"Recover mission data,”’
and “Recover personnel.” These initial fune-
tions would then serve as a basis for developing
more detailed operations functions in order to
identify more detailed requirements and any
needed trade-off studies. For example, trade-
offs might be conductedd _#ainst the function
~Recover mission data.” Alrernative ap-
proaches might involve either recovering an
e itire spacecraft or recovering ejected capsules
from the spacecraft.

13) \s system engineering progresses, deci-
<tons are made regarding means by which
functions can be met. These decisions. in turn.
form the basis for subsequent furrher inden-
tures of functions. Forexample, if the capsule
method is selected, this choice will generate
additional requirements and possible trade-offs
with respect to means for ejecting capsules.
Following the consideration of all the necessary
functions at the initial level of indenture to
define the flight mission functions the process
progresses to the next step. In the case of the
manned space program, this step would consist
of identifying the functions gencrating require-
ments which would be met by operating ground
equipment, technical support facilities and per-
sonnel required to conduct a launch. At this
point. required trade-offs would be conducted
with respect to selecting the tvpes of operating
ground equipment (QGE) necessary to satisfy
the required functions. For example. trade-offs
might be conducted between automated and
manual checkout merhods, various tracking
systems, and means of communicating with
spacecraft.

(4) Maintenance functions would be de-

20
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veloped in much the same manner and in some
cnses concurrently with the development of
aperutions  functions.  Maintenance require-
ments should be anulvzed as eatly as feasible
(i.e., once the equipment to be maintained has
initinlly been defitied) due to their influence on
the final defimition of total reqirements for
AVED OGE. operations facilities, and operu-
tions personhnel.

{53) Actvation and test funetions would be
developed an a concnrvent basis throughout rhe
definition of svstemr elements. That is. as svs-
tem elements are detined. the analysis to define
the related test and acuvarion requirements
(including. in selerted areas. production require-
ments) is accomri-nnd,  The re-niting test an-i
activation requirements will necessitate the defi-
nition of supporting test equipment, special
activation handling equipment, rransportation
equipmert. test and activation perzonnel, and
training.

{8) In the case of an electronic reconnais-
sance system, the initial indenture would con-
sist of the functions necessary for gathering the
electronic information in various forms dictated
by the requirements nf the system. For ex-
ample, gross operational functions might oe
“Detert electromagnetic transmissions,” - Col-
lect electromagnetic intelligence data.” “Reduce
intelligence data.” and “Interpret intelligence
data.” Initial trade-od's would select the vari-
ous types of prime mission OGE including
computer equipment and programs, available
facilities, and personne! required to satisfy the
above-listed functions. The maintenance. ac-
tivation, and test functions would be derived
from subsequent systein engineering of theee
initially selected system elements.
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Chapter 6

SUMMARY OF SYSTEM ENGINEERING MANAGEMENT PROCESS

18. FUNDAMENTAL CYCLE OF THE SYSTEM
ENGINEERING MANAGEMENT PROCESS. This
cycle consists of the four steps shown in figure 4.
The process is n method for defining the system
on a total bLasis so that the design will reflect
requirements for equipment, computer pro-
grams, facilities, procedural data, and person-
nel in an integrated fashion. It provides the
source requirement data for the development of
specifications, test plans, and procedures: and
the backup data required to define, contract,
design, develop. produce, install, checkout, and
test the system.

a. Step 1. The first step of the process is
started by identifying system requirements such
as those contained in a specific operational re-
quirement (SOR) and translating these require-
ments into basic functional requirements, i.e.,
statements of operation. These requirements
are presented in the form of top and first level
functional tlow block diagrams (reference
atch. 1) to portray the sequential and parallel
interactions of functions. .\t this point, the

and no mention i1s made of hardware, circuits,
or devices. This does not mean that design
solutions do not occur. I’reconceived notions
which shape design solutions will undoubtedly
exist. The danger lies not i having the no-
tions but in being unwilling to discard them in
the face of evidence indicating their unsuit-
avility. It is not necessary to procisim
solution at this point as the solution, but simply
to understand its use as a first hypothesis for
helping to mold the eventual solution.

b. Step 2. These functions and associated
criteria are anulyzed and translated into design
requirements as the second step of the process.
The design requirements are comprised of all
requirements, including design constraints, that
have a bearing on the functions being analyzed.
Equally important, the design requirements
contain sufficient technical detail to provide the
criteria for: (1) designing equipment and/or
computer programs and defining facility equip-
ment and intersystem interfaces. and (2) deter-
mining requirements for personnel, training.

significant characteristic is a functional design training equipment. and procedural data.
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These requirements are recorded on require-
ments allocation sheets (RAS) and timeline
sheets (reference attachment 1).

¢. Step 3. Ths third iundamental step con-
sists of system/design enginreering studies which
are performed concurrent]y with step 2 and step
4 to: (1) determine the selection of nlternate
functions and functions -equence, (2) determine
the design. personnel. training. and procedural
data requirements imposed by the functions, (3)
determine the best wuy to satisfy the design
requirements, and (4) select the best design ap-
proach for integrating the design requirenients
into CEIs of equipment and-or computer pro-
rrams, The design® approach is detailed to the
peint necessaty to satisfyv the level of require-
ments listed on the KAS. Narmally, these stud-
ies will involve trade-offs where the data are in
the form of schematic block diagrams. outline
drawings, intersystem and intrasyvsten interface
requirements. ~omparative matrices and daia
defining the reasons for selecting the approach.
including cost censiderations which influence
the design approach selection. The scientific
teols of system: design engineering studisc such
as probability theory, statistical inference,
simulation, compucer programing, information
theory. queuing theory, servomechanism theory.
psvchotechnics, cybernetics. mathematics, chem-
istrv. and paysies are nor discussed here.
Though thes are viral to and part of the sv.iem
design engineering studie-. it 15 not essentis! to
discuss these basic zcientific 7ools in order to
prescribe the requirements for effective system
engineering management. When required.
system/design engineering studies are recorded
in & Trade Study Report (reference attach-
ment 1).

*NOTE: Tbe term “design” applies to many levels
and points in time of defining and acquiring the system.
For example, early design at the system lecel resalts in
schematics showing the functional interface between
end {tems. whereas at the tiine of acceptance the design
nf the system would he represented by all end-ltem top
drawings. The design approach is to be distingulsbed
from the design solution. The design sclution would
include the top drawing whereas the derign approach.
conceroiog pbysicnl aspects, for example, would re-
quire a cootrol set function to be performed by three
chassis: signsl conditioning chassis (40 1b.). power
switchling chassis (30 1b.), acd power d!stribution
130 by,
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d. Step 4. Utilizing the design approach de-
termined from system - design engineering stud-
ies. the design requirements developed in step 2
are integrated into CEIs. The contmct end-
item performance. design, and test requirements
are recorded on a design shec: (reference attach-
ment 1). These requirements =hall sufficiently
define engineering nformation, nulizing nu-
merical values with assoviated tolerances, to
provide criteria for the detail design. develop-
ment. and test of the contract end item. The
design sheets dacumenr the “design 1o and “tesr
to” requirements for rontract end items and sub-
sequently become sections three and four of the
corresponding Part I Derail Specification tref-
erenca AFSCM 575-1). The personnel. train-
ing, training equipment. and proceduri data
required are based on tne cumulative effect of
the line entries in the RAX, JTnst as the design
renuirements are ta be arouped inta CEIs, the
lluman performance rasks reanired are grouped
into Air Force =neciaity codes 1t AFSC), the
training required is gronped intn enurses. and
the procedures are cruped intn rechnical men-
nals. techniral orders, and nther vrocedural pub-
lications. The design sheet an  RAS provide
the basic data for the preparation of the Quali-
tative and Quantitative Personnel Require-
ments Information tQRPRIs. Tmining Equip-
ment Planning information ( TEPI). and pro-
cedural data lists. Outpur= of step 4 are used
to (1) determine intersystem interfaces, (2) de-
termine additional reqguirements and functions
resulting from the technique or device selected
which in turn becomes the basis for second-level
functional flow block dingrams, and (3) provide
feedback to modify or verify system require-
ments and the functional flow block diagrams
prepared in step 1.

19. ITERATION OF THE PROCESS. \Vhen the
fundamental cycie of the system engineering
process documentud in top- and first-level fune-
tional flow block dingrams, RASs, Trade Study
Reports, and design sheers nas heen complered.
the second-level functions are identified and the
fundamentali cycie is repeated. The same pro-
cedure is followerl at any addirional levels re-
quired to define and design the svstemn. Nome
functions may not require separate diagram
levels and may be included in a higher level
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diagram. There are interactions and feedbacks
between levels as the cycle is repeated. For an
example of the fundamental] cycle at the third
level, reference paragraph 1.0, attachment 2.

20. DOCUMENTATION:

. Design sheets, together with the RASs,
functional flow block diagrams, and Trade
Study Reports, serve as the basic documentation
agsinst which enginetring is evaluated during
the definition phase. The design sheets are in-
corporated into the Part I Detail Specifications
used in engineering evaluations, such as PDRs,
CDRs, and FACIs accomplished during the
acquisition phase. The system engineering
management documentation also provides the
essential elements for other program manage-
ment actions. For example, functional flow
block diagrams, RASs, end-item maintenance
sheets, calibration requirements summaries, and
maintensance loading documentation are of
prime importance in developing logistic sup-
port requirements for the program. Identifl-
cation and definition of CEIs on design sheets
provide the source for specification tree, for
PERT/cost program breakdown structure, for
procuremeut action, and the basis for test plan-
ning. Tha system engineering process cannot,
and obviously will not, mske engineering de-
cisions itself, but it does provide a basis for mak-
ing the decisions and provides a discipline for
engineering and development of systems.

b. There are other factors which must also
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be defined as part of the system engineering
process. For example, reaction tiraes, msainte-
nance downtime, and maintenance functions re-
quired must be considered in determining de-
sign requirements and selecting the design
approach. The detailed system engineering
documentation involves time-line sheets, facility
interface shects, maintenance sheets, and other
documentation described in exhibit 1 and at-
tachment 1 to insure consideration of all factors.
In some cases, summary sheets for the deter-
mination of power-load schedules, electrical in-
put/output signals, monitor and checkout re-
quirements, etc.,, will be required. Certain
systems may not require the utilization of every
data item described in exiubit 1 and attachment
1 or may require modification of the data item
and documentation. In some cases, additional
documentation may be required. In the case of
computer programs. documentation tailored
to computer program needs may be necessary;
e.g., the format of the design sheet would not be
appropriste for specifying the design require-
ments for computer programing ; however, sorme
document serving as a design sheet is required.
The application of the documentatior require-
ments described herein must be made on & sys-
tem-by-system basis and specific documentation
requirements defined in the contract. In each
case, the requirements specified herein will be
spplied to the system under considerstion via
the SEIP of the PTDP (rzference pars. 8.0,
exhibit 2).




APSCM 3755

10 March 1966

Exhibit 1
PROCEDURES FOR SYSTEM ENGINEERING MANAGEMENT

1.0 INTRODUCTION. This exhibit establishes
the requirements for the step-by-step proce-
dures to be followed in implementing system en-
gineering management during the latter part
of the conceptual phase, through the definition
and acquisition phases, and the early part of
the operational phase. It specifies the required
system engineering documeniation and pre
scribes the relationships between docmenta-
tion, engineering, design reviews, specifications,
baselines, and major commitment points. Fig-
ure 5* is a sequential actions diagram cn a rela-
tive time Lase beginning with issuance of the
SOR/OSR/ADO extending through the early
part of the operational phase. This diagram
portrays system engineering actions to be ac-
complished by the SPO and GSE/TDC or
SEG/R&T and contractors. Hereaftertheterm
“SPO" refers to the SPO and the GSE/TDC or
SEG/R&T. The actions identified as octagonal
blocks in figure 5 shall be accomplished by the
contractors. The actions to be accomplished by
the SPO are identified as rectangular blocks.

1.1 Diagram of the Systern Engineering Man-
agement Process. The flow shows a specifica-
tion line, a system design line, an operations de-
sign line, a maintenance design iine, and a test
support line containing msjor interacting ac-
tions required in conducting system engineer-
ing. The outputs, phases, baselines, and SPO

MIL~-P-20006 (USAF) (pars. 3.1 and all subparas
thereto. Parss.3.4.2fand 3.4.4b.(1)).

MIL-D-26230A (UBSAF) (pars. 3.13, app. 1.2. and
pars. =1.4of app. 1.4).

MIL~M-20012C (UBAF) (parss. 34, 342 351
8.5.1.b, 8.8.1.c. 35.1.h, 8.5.1.1, 5.6, 3.7, 3.8. and 3.9).

MIL~-H-27804A (UBAF) (parss. 8.1.1.a. 885 38.1.
3.5.2,a0d 3.0).

MIL~8-38180 (UBAF) (paras. 3.24. 3.24.1, 8242
3243, 226, 83261 3262, 3203, 82631, and
32032).

svstem engineering technical direction review
points are identified on the bottom of the flow.
A complete list of the documentation required
by this manual appears at the beginning of
figure 5. The circled numbers appearing below
each block identify the documentation associ-
ated with the block. There is a continusl inter-
action between lines of actions, and while the
actions appear as step functions, they are in
fact points on a continuum. Figure 5 provides
the contractor with a “road map™ of system en-
gineering management actions ang specifies the
formal points for SPO management review of
the system as it is being defined, designed, and
developed. The following paragraphs describe
and explain the requirements of each block in
figure 5.

1.2 Cempliance With Related Mlilitary Speci-
fications. The implementation of the engineer-
ing design process described herein will result
in compliance with n substantial portion of the
military specifications identified in the list given
below. Listed with the specifications are num-
bers of specific parographs which will be satis-
fied. Separate and parnlle] efforts shall not be
expended in complying with the requirements
contained in these paragraphs of military speci-
fics.ions. Subperagraphs are not included un-
lees specifically listed ; e.g., listing 8.1.5 does not
include 3.1.5.1, etc.

Procedures for the Development of & Cockpit Sucbeystem
and Accomplishment of Systems Integration. 10 Mar 1938,

Data, Qualitative and Quantitative Personnel Requirements
Information (QQPR]), 14 Apr 186].

Maiotainability Program Requirements for Aercepace 8ys-
tems and Equipment. 13 Dec 1963,

Human Engineering Beqoirements for Aercspace Systems
and Equipment,  Jan 1963.

BSafety Engiveering of Systems and Asaocisted Subsystems,
snd Equipment; General Requirements for, 30 Sep 1963,

*For convenience, Sgure 5 is placed as the last page 1o the manusl.
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2.0 CONCEPTUAL PHASE REQUIREMENTS.

Block 1. SOR/OSR/Specified ADQ Farmulated
and Issued:

a. .\ significant result of research. advanced
Jdevelopment, and explomtory (evelopment
achieved during the conceptunl phnse is a spe-
cifie opertional equirement, an operational
support requirement, or an wlvanced develop-
ment objective (hereafter referred to as NOR/
OSSR ADO) which is issneid during conceptual
transition  National defense objectives, intelli-
aeie vstimates, threat imformation, foreim
technology, conceptual <tidies, and feasibiliry
<tudies provide military planning orgnnizations
with the information necessary to determine the
requirement for a new capability. When this
capability includes the need for n new system
and a1 gualitative  opemtionnl  requirement
1 QOR—reference AFR 57-13) has validated the
requirements for a new svstem. then HQ USAF
issues an SOR/OSR.'ADO.

b, An SOR OS8R ADO is issued when the
military value and the technical and economic
feasibility of the propmsed system have been
established. There is usually some uncertainty
about these factors throughout the entire con-
ceptunl phase. and consequently some judgment
niust be made concerning the relarive advantages
of issuing an SOR "OSR’/ADO versus ronduct-
ing further conceptunl svstem planning studies
or feasibility studies. An SOR provides con-
ceptual guidance for all nspects of the system
program, outlines the specific parameters, and
describes the required characteristics of the sys-
temn to be defined and developed to fulfill a near-
term operntional need. A specified ADO issim-
ilar to an SOR except that its purpose is to ful-
fill a long-:erm operational need (reference
AFR 375-1).

¢. Normally, an SOR or specified ADO will
contain (1) n statement of the military capabil-
ity required. including reasons for the require-
ment and background information: (2) if ap-
plicable, an enemy etfectiveness estimate: (3)
description of the friendly environment includ-
ing deployment requirement, site locations, sup-
port requirements, integration with other sys-
tems, security requirements, and self-sufficiency
and warning requirements: (4) au concept of
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operation maintenance and logistic support. in-
cluding positive system mission control, dis-
persal requirements, manning and manpower re-
quirements, personnel facilities requirements,
and materiel support requirements: (5) opera-
tional performance including, as applicable,
readiness requirements. survivability,/vulnera-
bility, system etfectiveness requirements. pen-
etrability, percenrage of kill, damage limita-
tions, payload weights, specific impulse. range.
computer programs required, warhead vield re-
quirements. system safety requirements, reliabil.
ity requirements. communication requirements,
altitude requirements, orbit requirements, take-
off acceleration. take-nd thrust, velocity, in-
COMM::z~1AN rate, TRNINg reulleients, sped.f
functions to be performed. rype of displavs re-
quired, number of installations, etc.: (8) esti-
mated cost and schedule: (7) the date when the
svstem is to be available: and (’3) a reference
list of supporting and related trade studies, in-
cluding current available DOD projects that
anddress the same threat. The SOR 'OSR/ADO
establishes the fundamental system require-
ments which are necessary 1o begin the system
engineering process.

Block 2. Identify, Review, and Select Source
Documentation. The initial SPO function in

the system engineering process will be to iden-
tifv. review, and select the slocuments which
have a direct bearing on the svstem. These doc-
uments will consist of the SOR OSR/ADO,
conceptual study reports for the system or sim-
ilar systems, and specialized data relating ro o
particular aspect of the system: e.g.. use of laser
devices or fuel cells and any other documents
which will aid in establishing the basic system
requirements. The SPO will prepure and main-
tain a list of these documents and will provide
copies of this list to contrctors with the state-
ment of work (SOW) for phase 113 { reference
AFSCM 373—4).

Block 3. Develop Gress Functions (Operationt,
Maintenance, Test, and Activation).

a. An initial step in the system engineering
process consists of formulating a functional de-
scription of the system. This functional descrip-
tion represents a gross level portraval of the
functions which must be met to :atisfy total
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system requirements and represents the genesis
of detail requirement determination. The pur-
poee of this step is to assure that (1) continuity
is maintained between system requirements and
engineering effort; (2) initial critical decisions
in system formulation are docamented and can
be retrieved as necessary; (3) total system re-
quirements are considered during initial system
formulation stages; (4) s means is provided for
maintaining positive control of gross functions
down to detail equipment functions; and (5)
interfaces between systems will be defined; o.g.,
interfaces with s command and contro} system,
esrly warning system, existing booster system,
or existing aircraft.

b. In developing the gross functions, a clear
relationship must be msintained between the
basic system requirements stated in the SOR/
OSR/ADO and the constraints emansting from
products of previous research and technology
actions. Thus, requirements of the SOR, ISR/
ADO (block 1) and the source documentation
(block 2) serve as the basic inputs for the for-
maulation of the groes functions. Changes may
originate as the result of changes in basic opera-
tional requiremants or as s result of changes
ceussd by design iterations which delete or add

functions. In either case, a clossl-loop rels-

tionship must be constantly maintained bet ween
basic system requirements and the gross func-
tions. A dexcription of the development of
ments follows.
¢. The basic system requirements identify one
of the typical System programs shown in figure
8 ,mmofﬂnuﬁmvorhmm
nqnirmh will be translated into
tm mainitenance, test, and acti-
vation functions (reference pars. 4 for explans-
tions of the functional catugories). These func-
tions are- then interrelated and flowed in
ssquines! a8 the top-level functional Sow- blook
diagram for the system. Hervafter, functional
flow ‘block ‘disgrams sre referred to ss func-
tional diagrams. The top-leve]l functional dia-
gram portruys the gross functions which must
bmpﬂ:bdbythoqﬁnpwwm
tho systam objectives. .
-d. Examples of top-level fnnaionnldiqnmn
ate shown in peragraphs 3.0, 3.0, and 4.0 of at-

M-4% O-08—9
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tachment 2. In the case of a manned space sys-
tem, typical gross operations functions for the
primary mission might be (1) Prepare spsce-
craft and launch facility for launch, (2) Launch
spacecraft, (3) Perform space mission, and (4)
Recover personnel and mission inforroation.
In the case of an electronic system, typical oper-
ations functions for the primary mission might
be (1) “Detect and track all space objects within
defined zone of apprehension,” (2) “Identify
mission of each object, compute spparent track
and target, compose and dispstch warning mes-
sages and information concerning available pro-
tective measures,” and (3) “Display coatinuous
status of space objects and defensive weapons
snd provide display of other pertinent dats
when called for.” In both instances above, the
cperatiocs functions must then be supported
by maintenance functions. Test and activation
functions are required to identify production,
scceptance, training, and test functions of a sys-
tem. Production function development should
be sccomplished on s selective basis to avoid
redefinition of standard factory operations and
techpiques.

o. As described in chapter 5, these functional
terms are vital and serve as group hesdings for
translsting system requirements into subfunc-
tioas. For example, subfunctions of the gross
function, “Leunch spacecraft,” might be
“Load fuel, load ondmr, calibrate guidance,
losd breathing oxygen,” etc. The level of func-
tions to be identified at this early point will
depand upon vhe degree of available knowledge
of the systeen, the degree of information re-
quired to _.epare the preliminary technical
development plan (PTDP), and the amount
of offort for definiticn phass IA
sxpansion of the PTDP. However, as & mini-
mum, the system operations, test, sctivation, and
maintenance functions will be identified to &
Jovel of detail sufficient to define the concepts
for operation, maintenance, and category I and
category II test and activation. The test com-
oopts thus developed will provide inputs to the
initial category I and II test plans described in
AFSCM 3750-4. At this point, it is expected
that first-level functions will be developed to
provide first-level functional diagrams for each
grom function in the top-level functionsl dis-
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gram. Functional diagrams will be numbered
to preserve continuity of functions and will be
depicted in the format shown and specified in
attachment 1.

f. The functions identified at this point will
not be limited to those necessary for aperation
of the svstem. but must include consideration
of mmintenance implications on system design.
Maintenance planning =hall be considered ar
this point to preclude the pnssibility of develop-
ing & technically feasible <vstem from an opera-
tions viewpoint. hefore it iz determined tha the
maintenance implications will prove costly ot
impractical or prevent the system frorm per-
forming reliably. Maintenance functions iden-
tified at this point will retlect the consideration
of allowable in-commission rates, downtime allo-
cations, and available maintenance resources.
Developing first-level functional diagrams for
the gross maintenance functions will be de-
pendent upon the amount of AVE and OGE
identified in the SOR/OSR/ADO. In many
cases, only an estiinate of the first-level mainte-
nance functions can be made ar this point, and
not until block 34 will there have heen sufficient
preliminary engineering to complete first-level
maintenance functional dingeams. The same
situation applies to first-level functionnl dia-
grams for test and activarion gross functions.
Functionel dingrams <hall be used as a basie
starting point for developing block diagrams
for effectiveness factors such as reliability.
maintainsbility, ete.

g- Functional diagrams portraying the func-
tionsl base for determining civil, structuml,
and architectural requirements will normally
be first- and second-level functional diagrams.
For an ezample. reference paragraph 5.0, at-
tachment 2.

h. A careful review of the top- and first-level
functional diagrnms will be conducted to assure
that continuity between flows has been main-
tnined and that trade-offs have been made be-
tween nlternate functions and flows. For ex-
ample. a computing function required for status
monitoring may be adequately combined with
u computing function required for missile guid-
ance. The functional disgrnm methodology
provides a technique for systematically trading
off o number of alternate functions and flows

30
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which will meet system requirements. These
trade-offs, as well as other rrade-otfs, require
system;/ design engineering studies to determine
which set of functional diagrams will best meet
the system requirements in terms of cost, time,
and performance. The svstem:design engi-
neering srudies are iescribed in hlock 8. At
this poinr, these ~tndies involve (letermining
predicted design solunnns and requirements for
facilities, people. and procedural daca for each
alternate function or How. These predicted
snlutions and requirementis are then compared
in terms of cost, time. and performance.

i. .\ maximum effort will be devoted to the
preparation of functional diagrams to insure
their completeness and accuracy. The basic
svstem requirements must be translaced into
funcrions in the form of discrete sratements of
an aobjective or standard. For example, sub-
functions of the wross function ~Flight mis-
sion” might be "Provide guidance signals.”
“Control vehicle attitude.” and ~Display data.”

j- Caution should be exerciced 1o avoid using
preconceived equipment confizurations as the
basis for developing functions. This does not
mean. as discussed in chapter 6. that desigm solu-
tions are totally ignored but. rather, that the
top- and first-level functional diagrams will be
limited to pure functions in order to provide
maximum latitude for allocating functions to
the optimum combination of equipment. facili-
ries, and personnel. An exception. however, is
the case where the basic svstem requirements
specify the utilization of certain equipment cor-
figuration and personnel.

8lock 4. Determine Design Requirements (Op-
erations, Mointenance, Test, and Activation).

a. Concurrently with the development of the
first-level functional diagrams. the functions
determined above are studied for the purpose
of translating the functions into initial design/
perfcrmance requirements and establishing in-
terfnces with other existing or to be developed
systems. A part of the study was devoted to
conducting trade-otfs ro determine the selection
of alternative functions and function sequences
as specified in block 3. Once the alternatives
nre selected, the study effort continues, analyz-
ing the functions to determine the design re-

~
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quirements to be satistied by a combination of
system elements: i.e., equipment, personnel, fa-
cilities, and procedural data. Reference at-
tachment 1, for Trade Study Report
requirements.

b. The design requirements should be defined
to a level of technical detail which will allow
preliminary recommendations for the basic
method of accomplishing the gross functions:
i.e., some combination of equipment, including
computer programs. personnel, and facilities.
For example, the recommended basic method
for the first-level function “Enable encoder™ un-
der the top-level function of “Perform missile
launch™ would be to do it manually: whereas.
ine recomnended method for tie first-level
function “Transmitter launch code™ under top-
level function of *‘Perform missile lsunch”
would be to do it automatically. The prelim-
inary recommended method for first-level fleld
maintenance function (e.g.,Perform G&C com-
puter controlled calibration sequence”) under
the gross function of “Support base mainte-
nance” would be to perform it sutomatically:
whereas, the first-level field msintenance func-
tion of “Sequence G&C system to calibrate
mode”’ would be to perform it with s man-
equipment combination.

¢. The design requirements generated from
the gross operation, maintenance, test, and ac-
tivation functions shall include preliminary
requirements for facilities. For example, the
initia] design requirements for one set of top-
and first-level functions may be satisfied by
selecting underground facilities in order to
meet s system gurvivability requirement;
whereas, snother set of functions may call for
above-ground facilities in order to meet the
same system survivability requirament. As
these facility requirements are being developed,
they will be evaluated for their criticality.
Those requirements which are cricical to direct
mission accomplishment or safety or are de-
pendent on stringent state-of-the-art technology
will be allocated to technics] support res) prop-
erty (TSRP). The noncritical facility re-
quirements will be allccated to nontechnical
support resl property (NSRP) design require-
ments. Preliminary requirements for facilities
will be defined to the level of detail necessary

N
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to idencify the total facility subsystem concept.
Industrial facility requirements will be identi-
fied in grose terms. sufficient tn allow planning
and evaluation of existing resources.

d. Facility system engineering (FSE) will
determine preliminary site requirements and
evaluate existing facilities or the need for new
facilities in order tn perform the top- and first-
level functions. In determining preliminary
site requirements, the facility system engineer
must consider (1) tlie environmental conditions,
i.e., operational (overpressure, thermal, etc.)
and natural (arctic. tropic. dry, humid, ete.) ;
{2) mobility requirements, i.e,, tixed {(above or
below ground in flat or mountainous terrain)
G e tai el TRUCE. el (5 uepiuy-
ment concept including use of existing base and
availability of existing facilities or deployed in
isolated areas that are inaccessible: () special
security requirements whether manned or un-
manned: and (3) hazard criteria. These fac-
tors should be conrained, at least conceptually,
in the documents identified in block 2.

e. In translating functions into design re-
quirements, put emphasis on stating recuire-
ments in quantified or well-qualificd t(erms.
The analysis of functions 0 determine the
design requirements shall be docuraented
on the requirements allocation sheet (RAS)
and supporting trade study reports and time-
line sheets (reference attachment 1, for detail
requirements).

f. The initial design requirements will, where
feasible, be in terms of (1) the purpose of the
tunction; (2) the parameters of design (i.e.,
input and output values and allowsble toler-
ances) ; (3) requirements which constrain de-
sign such as frequency allocation, power,
physical, interface, time, environment, use of
standard perts; and (4) requirements for sys-
tem effectiveness, reliability, humsn perform-
ance, safety, security, maintainsbility, and
transportability. Statements which merely
repeat the function title will not be included.
For example, for the function “Transport
transtage to launch area,” the RAS should not
read “Provide a means to transport the tran-
stage to the launch area.” The design require-
ments should include specific information
relative to transporintion distances and prob-
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lems peculiar to the moades of transport such
as physical charncteristics of the transtage,
environmental sensitivities of transtage, etc.

¢. \ major objective of concurrently devel-
oping first-level functions and determining the
corresponding design requirements is to elimi-
nate nonproductive or nonaitainable system
design configurations, test concepts, activation
concep =, and mamtenance voncepts, Ul\l'\‘ the
best atrainable alternatives should be pursued
1o the conclusion of having documentation pre-
pared for use in developing the PTDP.

h. The functional diagrams and the fune-
tional requizement~. including time relation-
<hips. identified on the RAS, trade studies, and
rime lines, shall «lefine the basic functions for
deriving 111 svsten. subsvstem, and CEL «2)
as applicable, component reliability require-
ment~ and predictions. inchuling inathematical
menlels and reliability inputs to :vstem etfective-
nes> models: and 13) overnll system efective-
ness models, including availability, repair-
ability, serviceability. and mission reliability
considerations. At this point. this functional
framework will be gross. Therefore. system
etfectiveness parameters can normally be devel-
oped only to define overall reliability, avail-
ability, ete.. requirements. \s lower level
functions and related hardware and personnel
requirements are developed. the reliability,
maintainability, availability, ete., parameters
<hall Le further defined and utilized ns a basis
for specific system etfectiveness requirements
and prediction development.

Block S. Provide Inputs te Preliminary Technical
Development Plant (PTDP),

. This block represents the culmination of
the action directed toward the preparation of
engineering information that forms an essential
part of the PTDP (reference AFR 373-3).
Specific inpwts include (1) functional diagrams
depicting the functions which must be per-
forimed to meet the requirements specified by the
SOR/OSR/ADO: (2) engineering descrip-
tions of the functions: (3) gross sulutions to
system requirements in rerins of the design re-
quirements which must be »-ot to satisfy defined
functions: (4) predicted equipment configura-
tions based on conceptual pha~e studies: and

2
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13) trade-offs consnlered and areas requiring
further exploration with emphasis on high risk,
technical, cost, or ~hedule areas.

b. The summarized engineering information
provided for the PTDP forms an engineering
base agninst which subsequent engineering de-
cisions must be evaluatesd. The engineering
infornation provided in the "D defines the
techiueal portion of tne program requirements
buseline. \Where engmeering results dictate
changes which do not fall wichin the parameters
of the established e, the approved PTDP
must be npdated 1o veflect the new parameters.
Since the PTDP is the governing authority for
the program during the definition phase, it is
essenttal rhat resuiting engineering etfort be
responsive to, become an integral part of. and
be constantly assessed in light of the PTDP.
Examples of the -pecific types of inputs pro-
vided to the PTDP are:

(1) High Rk .liceas, The ~Program
Summary” section of the PTDP zhould include
high technical rick areas identified by engineer-
ing. These rreas ~hnuld be related to the sched-
ules and test portions of the PTDP: i.e., ex-
tensive testing which is time consuming might
be required for a high risk technical area.

(2) Functiona? D7agrarm+ Functional
dingrams should be included as part of the
*Acquisition™ zection of the PTDP to outline
requirements in functional terms, as well as en-
gineering descriptions of the functions in terms
of design requirements. This information
serves to scope the design etfort required.

(3) Equipment Configuration. Informa-
tion ccncerning the configuration of equip-
ment is used for production and logistic plan-
ning and serves as the basis for the information
contained in the “Acquisition™ and “Logistics™
sections of the PTDP: e.gz.. what are the tooling
requirements and how is the progmm to be
logistically supported ?

(4) detivation and Teat Concepts. These
concepts are used as a basis for further expan-
sion into section 4 of the initial Syvstem Per-
formance/Design Requirements (General Speci-
fiention (reference exhibit I of AFSCM 373-1).

(3) Vission Profile. \Where approprinte
for the type of system to be developed, a mis-
sion profile shall be prepared from the flight

e~
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mission functions and related functional re-
quirements depicted on the functional diagrams,
RASs, trade study reports, and time-line sheets.

¢. For electronic systems, the engineering
inputs to the PTDP shall establish the concept
and the intersystem integration requirements
necessary to insure an early integrated and com-
patible hardware computer program capability.

d. It is essential that engineering results
are constantly reflected in the PTDP as the
program proceeds downstream.

3.0 OEFINITION PHASE REQUIREMENTS
3.1 Phase lA:

Biock 6. Expand Operations, Maintenance, Test,
and Activation Funclions.

a. An initial step during phase IA of the
definition phase will be to expand the opera-
tions. maintenance, test, and activation func-
tions previously prepared. The SPO will ac-
complish this action in preparation for the
issuance of the RFP.

b. The requirement is to expand top and first-
level functional diagrams previously prepared
to reflect changes resuiting from the approved
PTDP and informaation acquired while await-
ing approval of the program requirements base-
line. The level of definition attainable at this
time will vary; however, it is anticipated that
as & minimum. second-level functional diagrams
should be prepared. Ezxamples of second-level
functional diagrams appear in paragraphs 3.0
and 5.0 of attachment 2.

¢. Functional diagrams will serve to struc-
ture the System Performance/Design Require-
ments General Specification (hereafter referred
to as System Specification). Since the System
Specification includes the requirements for sub-
systems such as propulsion, guidance, and com-
munications and overall activation and test
requirements, it will be necessary to prepare
functional diagrams to the level necessary for
establishing the parameters of these subsystems.
As preliminary design information becomes
available, appropriate changes will be made to
the functionsl diagrams. Specific considern-
tion will be given to functional diagrams de-
picting alternate functional solutions for high
technical, cost, and time risk aress. Trade
studies will be required to select between al-
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ternate flows. Alternative functional diagrams
will be maintained until decisions regarding the
best design solution can be made.

d. The functions selected and the functional
diagrams prepared are to be direct responses to
system requirements rather than to preconceived
equipment solutions.

Block 7. Determine Additional Design Require-
ments lor Operations, Maintenance, Test, ead
Activation.

a. The expanded functions will be studied
to tranelate them into design requirements. in-
cluding performance requirements. The de-
sign requirements should be to a sufficient
level of technical detail to provide prelimmary
recommendations for the method of accom-
plishing the function. This analysis of func-
tions will be documented on the RASs and time
line sheets.

b. Blocks 6. 7, and § are enveloped with a
slight stepping of the blocks. The stepping is
to graphically portray that the three activities
are initiated sequentially, and the envelope is
to indicate that the accomplishment of these
activities evolves concurrently.

¢. The design requirements will be quantified
or well qualified terms expressing the (1) pur-
pose of the function: (2) the parameters of de-
sign (e.g., input and output performance values
and allowable tolerances): (3) requirements
which constrain design such as power. physical.
interface, environment: and (4) requirements
for effectiveness, reliability, human perform-
ance, safety, operability, maintainability, trans-
portability, and survivability/vulnerability.

d. In some cases, it will be necessary for the
SPO and the AFSC division civil engineering
activity to conduct preliminary site surveys to
evaluate existing facilities, including transpor-
tation facilities, or the need for new facilities.
The results of these site studies will aid initial
determination of facility design requirements.

¢. The gross system effectiveness paraineters
defined in block 4 will be further defined as ad-
ditional design requirements are developed.
These design requirements provide the inputs
and the technical basis for preparing the initial
System Specification (reference block 10).

f. At this point in the process. only the de-
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scriptive entries, the *Design requirements”
column, and the “Facility requirements™ column
of the RAS will be specified. Concurrently,
time constraints, as appropriate, will be estab-
lished, apportioned to functions, and specified
in the “Design requirements” column. Detail
instructions for completing RANs are contained
in .ttachment 1.

Block 8. Identity and Perform Trade-Off Studles.

a. System/design engineering and cost effec-
tiveness studies involving trade-offs were re-
quired in blocks 3 and 4 to derermine the selec-
tion of alternative functions and to determine
the requirements for design imposed by the ue-
lected functions. These design requirements
were at the gross level providing recommended
methods for accomplishing the gross- and first-
level functions and converting these functions
10 requirements for design, such as purpose of
the function, parameters of design, design con-
straints, and the requirements for reliability,
safety. human performance, maintainsbility,
etc.

b. With accomplishment of more system en-
gineering by expansion of the first-level func-
tional diagrams to a minimum of second-level
functional diagrams and determination of the
corresponding design requirements (blocks 6
and 7, respectively), additional trade studies
are required concurrently with the development
of flows and design requirements to provide the
technical rationsle for selecting certain flows
and design requirements. Trade studies shall
be performed by the GSE/TDC or SEG/R&T
to support the sbove sctions described in blocks
3, 4,6, and 7. Requirements for trade studies
for high-risk areas to be reported in the proposal
and those to be performed by the contractors
during phase IB will be identified in the RFP.
These requirements shaill include weighting #ac-
tors for the significant factors to be used in the
trade studies and key data; e.g., costs involving
military operations and logistical support. .As
system engineering progresses, requirements for
other trade studies may be identified by the con-
tractor and the SPQO. The performance of any
additional trade-study effort requiring a change
in funding of the phase IB contract will be sub-
ject to negotiation.
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c. This action represents an early assessment
of anticipated problems, focuses management
attention on high cost, technical risk, and time
constraining areas, and is directed toward pre-
dicting the consequences of significant alterns-
tive decisions. Since the resulting decisions be-
come irrevocable at an early point in the pro-
gram, it is essentinl rhat adequate management
attention be directed to any suspect areas, Cer-
tain critical trade study areas will become ap-
parent and will be identified for study. These
trade studies are to be accomplished on a systen
basis by means of appronch and standardized
reporting to provide a means for systematically
considering alternate decisions.

d. Trade studies are made at different levels:
thus the detail reporting data required for dif-
ferent trnde studies will vary considerably.
Trade studies shall be reported describing the
the analysis performed and the conclusions
reached in selecting from ulternative functions
and design approaches. As design becomes in-
creasingly detailed, the trade study reports be-
come more definitive. Each trade study report
shall cover the following topics: (1) identifica-
tion and listing of functional and technical
design requirements for trade-off; (2) identifi-
cation of possible design approachee and their
design characteristics: (3) comparison matrix
of design approaches: and (1) selection of de-
sign approach. Detail reporting requirements
are specified in attachment 1.

e. It may be that the selection still leaves two
or three alternative design approaches. In this
case, further deta.led cvaluation is pursued un-
til the trade study process supports the exist-
ence of a “best fit” design approach considering
nll of the performance, technical feasibility,
cost effectiveness, and delivery requirements.
Parsllel system engineering documentation
shall be pursued for each alternative vatil such
time as a firm decision is reached. A brief
summury rationale for abandoning alternative
design approaches shall be included in the study
report.

f. The trade study report is used to generste
and justify changes to schematic block dia-
grams, functional diagrams, and corresponding
design requirements contained in the Systam
Specification. Asmore engineering is donedur-
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ing the definition and acquisition phases. the
trade study results will affect Part I Detail
Specifications. Trade studies of varying levels
of complexity and impact will be accomplished
during ench phase of the system cycle. For
example, trade studies range from conceptual
level such as manned hombing svstem versus
ballistic missiles. through selection of com-
inunication media. such as radio versus land line
versus earth current transmission. through de-
sign of prninted circuits such as soldered versus
plug-in units. to trade studies concerning logis-
tics. such as provisioning two items of MGE
versus provisioning one item of MGE. Another
example would be safety trade studies which
include identifyving hazards: safery preble
areas due to equipment interfaces: safety re-
quirements for conducting naintenan e, test.
and training during svstem operation. For elec-
tronic systems, computer programs become an
important trade study consideration. For an
example of a trade study report, reference
attachment 2.

g. Trade studies may involve a variety of
engineering teciniques including complete or
partial simulation of operations, environment.
and maintenance loading. It may also include
an application of probability rtheory: informa-
tion theory: human, niental. sensory, and phy-
sical  ecapabilities: <ervomechanism theory:
mathemai‘cal models: and staristical models.
These scientific tonlc provide the backup ana-
lytical data supporting the trnde study. The
practicability of applyving all these tools must
be considered. In considering the complexity
of many trade studies, it is apparent that quick
and reliable means of predicting the outcome
for one design approach versus another is para-
mount. For example, the major factors in the
choice of structual material for o space vehicle
require n complex trade study. Utilizing the
most current scientific tools available is required
to provide quick and reliable means of predic-
tion in considerarion of (1) economics of the
complete vehicle: (2) strength-to-weight ratio
of the material: (3) experience of the plant
technicians and the design team with particu-
lar materinls: (4) manufacturing processes
available for production and fabrieation of
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particular material<: 13) aerndyvnanic heating
encountered : (6) physical chiaracteristics of the
material in contaec with the propellants: and
{7) available insulations and bonding tech-
niques.

Block 9. Identify Subsysiems and Major End
ltems, and Prepare Initial System Specification
Tree.

a. This activity rvepresents the culmination
of efforts «irected toward the definition and
~caping of subsvstems and the inirial identifica-
tiem of major end irems~,  The lerermination of
major end items and their functioning relation-
shire will be estanliched by means of srhemntie
Mock dingrams (lereafter referred to as sche-
matic diagrams) described in derail in attach-
ment 1. At this point in rhe program only
zeneral schematic diagrams can be prepared.
A= additional information i< acquired. the sche-
matic diagrams will become more definitive.
The schematic diagrams will be used to estab-
lish and define the paramerters of interface re-
quirements betveen ('Els and within each CEL
The identification of subsyvstems and major end
items allows determination of major portions
of the system which can be assigned to one con-
tractor or GGovernment agency for design and
development (reference exhibit I. AFSCM
205-1).

b. The initial specification tree. reflecting
CEI1 installation in the system ( reference figure
2, exhibit I, AFSCM 373-1) will be prepared
to graphically portray the decisions regarding
the determination of major CEIs and appor-
tionment of engineering efforts. The specifica-
tion tree represents n gross definition of the
reintionship between CEIs: i.e.. the manner in
which each CEI is to be assembled into the
next higher level CEI. At this time, the speci-
fication tree is not expected to provide a com-
plete identification of all CEIs constituting
the hardware element of the svstem. Assvstem
design proceeds. the initinl specification tree
will be updated to reflect decisions regarding
the selection or deletion of CEIs. The specifi-
cation tree displays the magnitude of the hard-
ware desiym effort in terms of prospective CEls.
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Block 10. Prepare Initial System Performance/
Design Requirements Generol Specification.

a. The SPO prepares the initial Nystem
Specification which is to be included as part of
the RFP. The GSE -TDC or SEG R&T shall
prepare the technical portions of the initial
Svstem Specification. This System Specifiea-
tion presents tatal system reqpurements for the
Jdesign aned developmient eifort bused on s¥=tem
engineering  experience previou<ly acquired
and retlects the major engincering lecisions
whieh have been nuule regarding the perform-
ance and destgn ot the sv-ter,

b. The System Specification =hall be based
on the svstem engineering «ln-umentation pre-
-criber! herein: e.r., RANS and rimeline sheets.
Content requiremenis for the Svstem Specifica-
tion are specified in exhibit I. AFSCM 3v5-1.
The followinge <vstem enzincering documenta-
tion shall he part of the Syv<iem Specification:
11) Functional diagrams depicting the func-
tionnl parameters of the total system (reference
attachment 1), (2) schemaric diagrams estab-
lishing the desizn perforniance parameters of
each subsvstem (reference. attachment 1). The
SPO shall identify the systemn requirements to
he controlled using svstem reanirements ECPs
treference exhibir VIII, AFSCM 393-1) dur-
ing the phase IB contract perind.

e, (Gross category I, categorv (1, acceptance.
rest -verification, and [&C regnirements iwill be
included in the Nvstem =pecineation to provide
an estimate of the scope of the svstem test pro-
gram. The test requirements are intended to
provide the means of verifying that system
performance and design requirements have been
met. Results of the system test program con-
ducted to meet the requirements contained in
the System Specification will form the basis for
the acceptance of the terms and conditions of
design and development contracts.

Block 11. Provide Inputs to RFP. This step
represents a culmination of all previous system
engineering acrions: i.e., the work statement in-
cluded as part of the RFP will contain the
cumulative results of engineering knowledge in
terms of toral system requirements. The sig-
nificant engineering products to be included in
the RFP are:
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a. Systemn Speeincation.  \s  previously
stated. the System Specifieation, including the
specification tree and syvstem engineering docu-
mentation will be included as part of the work
statement.

b. Trade Study Requirements, Specific trade
sty requirement< will be identified, a3 well as
the approaci to Ine 1aken in conducting these
studies,  The rrade <rndies conducred by the
GSE. TDC or ~EG R&T will be ineluded.
Specific procedures and formar requirements
for trade studies will he ~pecified a3 stated in
attachment 1. The work ~tatements will spe-
cify the trade <tudies to he made during the
definition phase.

oo Test Progroa [opuirements, his svork
statement input includes the category I, cate-
wory II. acceptance. rest verification. and 1&C
requirements contained in the System Specifiea-
tion and rhe test program requirements emanat-
ing cherefrom.  For example. “The Hight test
program shall consist of 10 fligivs, and flight X
shall demonsirate that the requirements for
stage separation have heen met.” Require-
ments for demon=rration of reliability, main-
tainabilicy. and othier etfectiveness factors as
allocated to the varinus elements of the system
=hall be included. \ny required safety demon-
strations and explosive hazard classification
testing will also be delineated.

A. Actiration Proarom Requirements. The
overall requirements for production. I&C, and
training shall be inclided. These requirements
will be based upon the System Specification,
functional diagrams depicting the activation
task. RASs, and time-line sheets. For example,
the system engineering documentation relating
to activation defines the tasks for installing and
checking out the equipment. This would not
include derailed I&C requirements that must
be based on the detailed configuration informa-
tion which will appear in Part II Detail Speci-
fications but would include the gross require-
ments necessary for scoping the I&C tasks.

e. Incentive Recommendations. Incentive
recommendations by the SPO deputy director
of engineering will be based on the identifica-
tion of high-risk technical, cost. and time areas.
Incentives by definition are proportional to the
risks involved. Where a high-risk area is in-
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volved. a proportionate incentive shall be es-
tablished. Thus, the identification of high-risk
arens serves as the basis for the development of
incentive provisions.

Block 12. Confractors Start Proposal Prepora-
tion.

a. The next wzroup of actions. blocks 12
tirrough s, depictsa rypical sequence of actions
by contractors in responding to an RFP. Theze
actions ave presented to iilustrate the vontrae.
tors’ design iteration rather than to prescribe
rigid procedures which must be followed by the
contpactors, 1t is mtended to provide a better
understanding of the requirements to be con-
runed wirhin the REP.and the tzve and level of
response expected in the phase IB proposals.

b. While the relivery of the RFP officially
signals the start of the contractor proposal
efforts. considerable effort will have been es-
pended by contractors prior to this time: ie.
conceptual phase studies, advanced develop-
ment efforts, and independent research and de-
velopment etforts. Therefore, the program sill
not be starting from a zero point, but will
usually have the benefit of considerable back-
grcund information prior to the issuance of the
RFP.

¢. During the proposal preparation period.
the GSE/TDC or SEG ‘R&T shall prepare the
technical portion of the criteria to be used in
evaluating the contractor response to the RFP.

Block 13. Review System Specification and Sys-
fem Engineering Decumantation.

8. The System Specification and related sys-
tem engineering documentation defined herein
is the point of departure for contractor engi-
neering actions during the proposal effort. An
initial step by the contractor should be to review
the System Specification to structure his engi-
neering efforts in response to the RFP. [Initial
actiong include (1) an evaluation of the re-
quirements contained in the System Specifica-
tion through the use of the background knowl-
edge, experience. and capabilities possessed by
the contractor: (2) the establishment of a pro-
posed design approach to the requirements con-
tained in the System Specification; and (2) the
assignment of responsibilities to engineering ele-
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ments within the contractor’s urganization for
additional preliminary design edort.

. The system engineering documentation be-
comes 4 major enginering management tool in
assigning responsibilities to various engineer-
ing functions within the contractor’s organiza-
tion. Functional diagrams depict system re-
quirements in funcrional terms: schematic
diagrams depict de=igm characteristics hetween
and within each subsvstem: RASs relate the
functions to be performed by the system to the
design requirement which must be sarisfied to
meet these functions: and trade study reports
describe the comparative analysis and selection
between alternative design approaches. As
suci, the wotinaentation . ines the enginseriny
requirements to be satistied and thereby pro-
vides engineering management with the tools
necessary for assigning specitic responsibilities
to each engineering function and for assuring
that complete system coverage is attained. Re-
sults of engineering efforts during the proposal
period should be subsequently reflected in the
System Specification and the system engineer-
ing documentation submitted as a part of the
contractor’s proposal. therebr providing a com-
mon base for SPO evaluation of contractors’
technical proposals.

Block 14. Verify and Expond Fenctional Dia-
gram: and Design Requirements.

a. Following the revies of the RFP data.
particularly the work statement. and the Sys-
tem Specification included therein. the contrac-
tor should conduct a critical review of the top,
first-level. second-level, etc., functional die-
grams contained in the RFP. The contractor
should verify the accuracy and adequacy of the
operations, maintenance, test. and activation
functions appearing in the functionnl diagrams.
If necessary, the functions and their flows
should be modified to reflect the contractor’s
technical experience and planned approach to
meeting the system requirements. The flows
should be expanded to lower levels as necessary
to adequately portray his approach to system
design. Where alternative modes of operation
are applicable, these modes should be repre-
sented by alternative flows. The verified and
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expanded functional disgrams should be made
part of the contractor’s technical proposal.

b. Concurrently with the review of the func-
tional disgrams, the contractor should critically
review the design requirements contained on
the RAS. The contractor should verify the
-accuracy and adequacy of the requirements for
operation, maintenance, test, and activation
functions. Where necessary, the requirements
should bs modified or expanded to reflect the
contractor’s technical experience and approsch.
The verified and expanded design requirements
should be used to evaluate whether the func-
tions identified and their implied hardware solu-
tions will meet the conditions specified in the
System Specification.

c. Time-line analyses should be performed on
time-critical functions to determine automstic
or manual requirements. Functions should be
considered time-critical when the estimated time
required to perform the functions has an ad-
verse effect on reaction time, downtime, and/ot
availability requirements. Time-line analysis
should be used to derive time constraints sppli-
cable to design requirements identified in the
RAS and should provide the basis for evaluat-
ing time-gsensitive elements defined by the oper-
ationsl concept and plans in the RFP. The
time-line data should depict the concurrency,
overlap, and sequential relationships of the
functions involved in the analysis and evalus-
tion effort. Time-line sheets should be prepared
in accordance with attachment 1. The facility
requirements contained in the RAS should be
reviewed and expanded to reflect the contrac-
tor's requirement for facility support, paying
particular attention to the development of those
requirements that are of a direct technical sup-
port nsture. Where possible, specific facility
pecformance or design parameters should be
listed against the system functions on the RAS.

d. The verified and expanded design require-
ments on the RAS and time-line sheets should
be made part of the contractor’s technical pro-

poeal.

Block 15. Identity Requirements for End ltems,
Facllities, ond Personnel.

a. Utilizing the design requireinents con-
tained on the RASs for operations, test, activa-
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tion, and maintenance functions, the contractor
should extract portions of one or more RASs
and reassemble the design requirements into
CEIs by means of schematic diagrams. The
contractor should utilize the information pro-
vided by schematic diagrams in the System
Specification to accomplish the transition from a
functional orientation to an equipment orients-
tion. The schematic diagrams provided in the
System Specification should be verified and ex-
panded as nppropriate. The primary objective
of preparing schematic diagrams is to graphi-
cally portray interfaces of components and to
provide a tool for integrating design require-
ments into specific equipment and facility de-
sign recommendations.

b. A significant action during the prepsara-
tion of the contractor’s proposal should be to
identify preliminary design requirements for
the major CEIs contained in the specification
tree described in block 9. These CEIs will bave
been identified by the SPO in the initial System
Specification. The design requirements should
be entered on a design sheet as described in at-
tachment 1. It is not expected that complets
design requirements for these major CEIs can
be provided in the proposal: however, they
should be detailed enough to allow proper evalu-
ation of the intended design appreach for the
CEI. Requirerents which may be satisfied by
items of unmodified equipment in DOD inven-
tory (including facilities) or commercially
available items should be identified. The con-
tractor should consider (1) equipment defined
by current Government specifications or modi-
fications of such equipment; (2) off-the-shelf
commercial equipment currently in DOD inven-
tory; and (3) other off-the-shelf commercial
equipment or modifications of such equipment.
Furthermore, there may have been DOD equip-
ment specified in the SOR/OSR/ADO or
PTDP such as n 7040 computer or a Titan II
booster.

¢. In the process of revier and expansion of
fucility requirements on the RAS, certsin facil-
ity end items may be tentatively defined, psr-
ticularly in the case of command and control
centers, radar tracking stations, etc. It is neces-
sary to recognize as early as possible that cer-
tain facility equipments may impose critical re-
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quirements on other facilities. For exumple,
lavnel spray or deluge facility subsystem re-
quirenients may impose critical requirements on
water and power subsvstems, In the case of
contractor ident:fication of a major operational
CEL such as n commercin! compurter, it may be
possible to define detailed facility interface re-
quirements such as power, environment. and
Hoor space.  Where th.s level of detail 15 mndi-
vated by the CEI dennttion. the facility require-
men:= ~hou,.1 be rerarded on o factlity interface
<heet as outiined in attachment 1. Based on
these facilities, CET design requivements, and
data provided in the RFI. the contraceor =hall
prepare facility perspectives and schematic dia-
grams. For exinple: of factiny scuematic dia-
grams and facility perspectives, reference at-
tachment 2.

d. Urilizing 1 ) personnel wad training con-
straints contained in the Nysrem Npecification.
12) system design requirements, and (3) pre-
liminary methods of accomplishing gross func-
tions tblock 4), the contractorr should identify
the consequent personnel dnties oz gross jevel.
zlentify personnel positions. and proviae an
estiinute of the numbe: of personnel wlho wil; Le

required to operute, maintain, and ~ontrol the
system.

Block 16. Perform Selected Trade-OFf Studies
and 'dentify Definition Trade-Of Requirements.

a. Blocks 14 through 16 are aecomplished on
aconcurrent basis; thau is, trade studies are re-
ipured to provide the technical basis for the ac-
tions “.escribed by blocks 14 and 15. For ex-
ample. deterining time estimates for time-
critical functions will ofren require comparing
one potential solution with another by means of
a trade study. It is not intended that all the
trade studies specified in the RFP Le actually
made during the propusal prepuration period.
Tmde studies requiring extensive effort will be
minde during the definition phasc.

b. The vontractor should review the Trude
Study Reports provided with the RFP and the
tracde study requirements identified for accom-
plishment in phase 1B and verify their accuracy,
need, and criticality. The contractor should
identify, as part of his proposal, any additional
critical trade studies requived during the defini-
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tion phase. The contractor should document, in
accordance with atiachment 1. the trade studies
required to be reported in his rechnical proposal.

8locc 17. Vesifv ond Expand System Specifica-
tion.

a. The Svstem =~pecitication contained in the
RFP presentsin ~tmulanrlized format the system
destgn approuch 10 be emploved in meeting sy's-
tem requirement-,  In verifving and expanding
the System Specifieation, the contractor will be
requirerl to present engineering decisions which
sonvey an understanding of the requirements,
i overall engieering capability, and mannge-
ment acimen.

. Te the System Siecifentinn. tie contractor
should {:: reflect decisions regarding various
trade studies performed: (2) espand the speci-
fication tree to reflect lower level CEls, showing
the assembly relationship invelved in the pro-
duction and J&C' process: (3) present an
approach to the test program. including duvinon-
stration of effectiveness factors. such as relia-
bility/maintainability and any required safety
demonstration. as reflected by the requiremen.s
contained in section 4 of the System Specifica-
tion: (4) present an understanding of the inter-
face reguirements of the system (i.e, the
refationships berween and within subsystems) :
15} show his understanding of the dependence
the svste:n has on inputs from: and outputs to
other sverems: «6) depict the relationships be-
tween farilities, equipment. procedural data,
and personnel elements of the systen (i.e., which
functions have been allocated to each of the
above elements and what is the impact on AX
manpewer, equipment costs, schedules, facility
construction, etz.); (7) present the items of
inventory or commercial equipment he plans to
use as part of the system: (8) confirm the quan-
titative requirements initially specified by the
SPO: and (9) present his approach to the oper-
ation und maintenance of the system.

¢. It is the intent of the System Specification
provided in the RFP to establish a frame of
reference for further engineering effort rather
than an absulute set of requirements. The spe-
cific intent is to allow for maximum flexibility
of design approaches to satisfy total system
requirements. It is at this point that creative




AFSCM 375-5

effort is required and has the largest payof.
The System Specification provides a standard
hase within which competition can freely oper-
ate to ultimately produce the best system at the
lowest possible cost in the shortest time period.
In verifying and expanding the Systein Speci-
fication. each contractor has maximuin flexi-
hility ro display his full capabilities within the
parameters of svstem requirements.

A In the rase of an axeociate contractor
structure, each associate will respond to the
approprinte subsystems for which he is respon-
<tble as well .s the weneral rvequirements
contained in other sections of the System Speci-
fication. It will be the rask of the Source Se-
lection Board to evaluate the proposals in terms
of the best possible combination of contractors
with full consideration of interface appronches
a=simed by each assoriate contractor.

Block 18. Provide Inputs to Controctors' Pro-
posels. The contractors’ engineering npproach
to the requirements conunined in the RFP
~houl«t be reflected by specific inputs to the pro-
posals. Inaddition to these engineering inputs,
rechrical inputs should be made to the program
management plans such as the Test Plan, the
Togistical Support Plan, and the Activation
Plan. The system engineering documentation
sleveloped during the proposal preparation
period should be un integral pit of the pro-
posal.  Since the praposal submitted in re-
~ponse to the RFP will he subteqquently used us
the basis for contract negotintions. it is essential
that well-defined engineering requiremnents be
established by means of the proposal.

3.2 Phose 1B:

Block 19. Engineering Inputs to Phase 18 Con-
tract. Contract award for definition signals the
start of a significant engineering effort to define
the total requirements of the svstem. The con-
tract will be awarded againet the System Spe-
cification iientified as part f the program
requirements baseline. While preceding blocks
have described in some detail the preliminary
engineering definition effort primarily accom-
plished by the SPO, it is during phase IB of
the program that eng'neering definition in
depth is performed by the contractor. The
engineering products of the dehnition etfort
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will define the design requirements baseline
which scope the total engineering effort for the
acquisition phase. [t is therefore essential that
maximum engineering etfort he expended dur-
ing phase IB to define all the elements of the
svstem in as complete detail as possible. To
nccomplish the latter. an orderly sequence of
~teps has been established to assure that a sys-
tematic approach is followed. The following
steps provide the means for documenting the
engineering defimition of each elemen: of the
system.

Block 20. Identify Applicoble Requirements and
Update Source Documentation. The contractor
shall identify the requirements and correspond-
ing sourve documentation appiicaile to the sy=-
tem under consideration. [nformation sources
include the source documentation list provided
by the SPO (reference block 2). the negotiated
work statement and Syvstem Specification, and
other backyground infermation applicable to the
system. The proauct of this effort shall be a
single source documentiition list (o be used as
source reference for the svstem program. As
the documentation contained in the list is up-
danted, the list shall be updated to reflect the
current issue dntes of the referenced documen-
tation. The intent iz to pro-ide a method for
identifving in a ~ingle place an authoritative
reference list of documeniation rhat represents
available knowledge of 1/ » program.

8lock 21. Develop Deloi:
tions.

irations Punc-

a. The contractor shall develop detailed
opciations functional diagrams which depict
graphically and sequentially the detailed func-
tions which must be satisfied to meet stated sys-
tem requirements. These functional diagrams
(reference attachment 1) are indentures to the
functional diagrams that wete presented in the
phase IA RFD, expanded by the contractor’s
proposal. and included in the negotiated System
Specification for phase IB.

b. The contractor is not limited to the num-
ber of functional diagrams required to inden-
ture each major function. To describe the basic
operations requirements of the system in func-
tional terms, it is anticipated that third- or pos-
sibly fourth-level functional diagrams will be
required. In nctual practice, th.e level of inden-
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ture of functional diagrams can be based only
on sound engineering judgment and the pecu-
liarities of the system under consideration.

c. From a logical point of view. it is necessary
1o define operations functicns prior to defining
maintenance, test, and aotivation functions.
However, it is also true that the development
and selection of operations functions can be
influenced by previously acquired experience
concerning maintenance, test, and activation
implications. Operations functions which can-
not be logicaily supported from a maintenance.
rest, or activation point of view are not to be
selected. VWhile the identification of detailed
maintenance, test, and activation functions is
based upon operations functicns solutions,
there are other constraints and considerations
which limit the selection of these solutions.
Subsequent etforts to define the maintenance,
test, and activation functions will atfect the
selected operations functions and will validate
or result in changes v previously selected oper-
ations functions. ‘The prime emphasis in devel-
oping operations furcrional diagrams should be
to determine the minimum essential functions
necessary to meet operntions requirements,

d. Alternative functional paths for meeting
system operations requirements shall hs con-
sidered. Though trade studies were identified
and made earlier. the mnjor portion of system
trade studies will be conducted during this phase
of the program. It is essential. therefore, to
select only those alternatives which offer sig-
nificant payotfs in terms of time, cost. and per-
formance, and to investigate these nlternatives
in depth. Engineering decisions shall be made
on the basis of the best approach to the system
rather than upon any feasible approach. The
functional frame of reference specified and de-
picted by the basic functional disgrams (top-,
first-, and second-level) should be stabilized by
this time.

e. Since future definition effort will be di-
rected toward deriving solutions to operations
functions, major engineering effort shall be ex-
pended in preparing functional diagrams to in-
sure completeness and accuracy. Functional
diagrams represent the apex of the definition
pyramid and establish the total frame-of-refer-
ence for the definition of tiie equipment, facili-
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ties, personnel. and proced ral data required to
meet system objectives. Suu:<quent indentures
cannot be satisfactory if the frame-of-reference
1s in error. The significance of the initial de-
tailed functional diagrams cannat be overem-
phasized. They establish the uitimate goals
which must be met by the total engineering
process.

Block 22. Develop Design Requirements for
Operations Funciions.

a. This action is an extension of the work
prescribed in blacks 4. 7. and 14 and changes
made during the contract negotiation. Up until
this time. the operations. mmaintenance, test, and
activarion faretions have heen looked at r~on-
currently. The operauons functions are now
studied in detail. This is not to convey that the
impact of maintenance, rest. and activation
functions is not considered. but tro emphasize
that, before detail definition for maintenance.
test, and activation cun be vigorously pursued,
engineering must have defined what is to be pro-
duced and what is to be maintained. tested.
installed, and checked out.

b. Inherent in describing any process is the
necessity for specifying required actions in
series. This does not imply that the system en-
gineering process simply follows from left to
right from block to block without considerable
concurrency and feedback of results to change
original ideas. These feedbncks nre represented
by the dotted line from the first group of blocks
on the operations design line to the first group of
blocks on the maintenance design line.

c. The operations functions shall be trans-
lated into design requirements and documented
on the RAS. In developing the functional di-
agrams portraying the operntions functions, the
coniractor must determine design requirements
to assess the validity of the function chosen and
to provide the basis for future equipment se-
lection configurntion. In tianslation of the
opersations functions into design requirements,
major emphasis shall be placed on quantification
of information in performance terms.

d. The RAS shall contain the applicable
functional dingram number, the name and num-
ber of the function. the design requirements,
the facility requirements. and CEI identifica-
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tion. The “Design requirements” column shall
contain (1) substantiation of the function: (2)
parameters of design (i.e., input-output per-
formance values and allowable tolerances) : (3)
quantitative requirements which constrain de-
sign such as power. physical, interface. environ.
ment, human performance capabilities and limi-
tations. and time: and (4) requirements for re-
liability, survivability/vulnerability. -afety.
rmaintainability, and transportability. For an
exampla of a RAS completed 1o this point in
the process. reference paragraph R.0, attach-
ment 2.

e. The “Facility requirements” column shall
identify and justify facility functions such as
(1) environmental requirements (e.g.. tempera-
ture and humidity ranges, illumination. and
noise levels) : (2) power. air conditioning, ven-
tilation. heating, space. and mounting provi-
<ions: (3) civil/structural/architectural re-
quirements imposed by the function and design
requirements (structural requirements shall be
in terms of material and minimum dimensions) :
and (4) facility equipment identified earlier.
The facility requirements, the design require-
ments, and the top level functional diagram
provide the data for facility system engineer-
ing (FSE) to identify critical requirements and
to complete facility functional dingrams, RASs,
schematic diagrams. facility perspectives. and
design sheets as appropriate for the TSRP.
FSE contenctors shall identify those nperations,
inaintenance, test, and activation functions with
fucility implications and prepare facility func-
tionsl diagrams. The facility design require-
ments resulting from the facility functional dia-
grams shall be documented on RAS. In this
case ne “Facility requirements” column of the
RAGL shell be used to identify additional facil-
ity requirements imposed by facility design
requirements.

f. Time-line analyses shall be performed on
the time-critical operational functions which
may or may not invoive human performance.
The design requirements shall be used to de-
termine if the times imposed by the functions
on the RAS, when cumulated, will meet the
critical time requirements specified in the Sys-
tem Specification. Time-line sheets shall be
used to record the time-line analyses ns specified
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in attachment 1. An esample of a time-line
sheet of time-critical operations functions is
shown in paragraph 9.0 attachment 2. The
time lines shall display the length of time re-
quired to accomplish a function plus the appro-
priate function start rime considering optimum
use of equipment and personnel. Travel time
and equipment warmup time are to be included
in the time calculations. The time lines de-
termined in block 14 were estimated allowable
times, whereas the times calculated or predicted
at this point are estimated required times based
upon rhe design requirements developed. The
rime-line data shali be used to evaluate the op-
erational concept and plans in rerms of system
reaction time.

Block 23. System Requirements Review.

a. This action consists of the initial SPO
review and evaluation of the contractor’s effort
to define the system requirements in terms of
operations functional diagrams, RASs, and
time-line sheets. Backup trade studies should
be available to support the contractor’s tech-
nical decisions presented for review. Since this
documentation establishes the frame of refer-
ence for the remaining system definition effort,
the SPO will verify that the frame of reference
is valid and that interfaces between contractors
have been nppropriately allocated. In order to
accomplish this validation, it is necessary to as-
sure that all participating contractors have pro-
vided their functional diagrams to the appropri-
ate integrating or prime contractor prier to the
initial system requirements review. All con-
tractors shall participate in the initial system
requirements review.

). The function of the in process” review
will be to evaluate the progress and direction of
the initial phase IB effort ruther than to con-
duct an on-the-spot technical integration of the
system. This review serves to inform the SPO
that the contrnctors are performing within the
scope of the definition contract and are conduct-
ing an effort appropriate ta the tasks delinented
by their work statements. This action esiab-
lishes a documented point nf departure for fu-
ture effoit. While the degree of formalization
and the depth of this review is dependent upon
the nature of the program. the review will be
the basis for any technicnl or management re-
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alinement considered necessary by the SPO 1o
meet the definition phase objectives. Asa mini-
mum, it is expected that the functional dingrams
to the third level would be reviewed at this time.

¢. This system requirements review wiil serve
us the vehicle for additional direction: e.g.. any
changes in requirements would be reviewed for
impact on established functions and the corre-
~ponding desten approach. It is to establish an
orderly procedure for the exchange of technical
imformation using standurdized documentation,
between the contrurtors and the SPQO at a speci-
el and scheduled time.  ‘This action must as-
sure \hat engineering decisions ure recorded,
that actions are assigned to participuting agen-
ies, and that techrical directiun is understood
by all concerned activities.

Block 24. Perform Trade-N# Studies (Opero-
tions Elements of the Systems).

2. Blocks 4. 25,26, and 27 are performed con-
currently. The contractor shall accomplish (1)
the trnde studies specificully directed in tie defi-
nition phase contruct and (2) those necessary to
provide technical substantintion of requirements
for CEls, facilities. personnel. and truining re-
quired for operstions functions. Where possi-
ble, efforts to perform the directed trade studies
shall be correlated with the trade study actions
required in support of blocks 25. 2° and 27.
Trade study etforta shall balance the relation-
ship between categories I and II test require-
ments, operations design requirements, and acti-
vation requirements. The decisions made and
documented to date are an input to the trade
studies to be performed. The trade studies shall
identify alternate CEIls, facilities, personnel,
programs for training, and for electronic sys-
tems the planned use of computer programs re-
quired to satisfy the operations functions and
design requirements developed in blocks 21
and 22.

b. The trnde studies shall consider us u mini-
mum (1) availability of current equipment in
the DOD inventory, existing fucilities, facility
equipment, personnel with necessary skills, and
existing training programs and trsining equip-
ment; (2) special tooling required ; (3) develop-
ment and production lead times required: (4)
state-of-the-art: (3) manufacturing require-
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ments: und transportation requirements. Spe-
cial emphasis shall be directed to assessing the
impact on the total system made by the selection
of alternate CEIs. facilities. personnel, and
training. For example, the effect a spacecraft
configurution has upon thrust requirements,
payload. size and weight of personnel. and OGE.
An example of trade study factors influencing
Jdevelopment. rosts, and facility requirements in
the selection of a propulsion design are (1)
damaging noise and vibrtion levels: (2) engine
radionctivity or potential for spreading radio-
active material after catastrophic malfunction;
(:3) propellant toxicity chamcteristics; and (4)
high residual radioactivity after operation.

. Trade studies =uall be documented in ac-
cordance with attachment 1. and reported as
directed by the SPO. The decisions made from
the results of the trade studies shnll be reflected
on (1) design sheers. inventory equipment re-
quirements and ('EI ildentification specifics-
tions, schematic dingramns for operations CEIs;
(2) design sheets. inventory equipment require-
ments specifications. facility perspective, sche-
matic diagrams, und facility interface sheets for
facilities: und (3) RASs und time-line sheets
for operations personnel and training. Trade
study results shall be exnmined to determine
feedback chunges to operations functions, design
requirements for the operntions functions
thlocks 21 md 22), and to the System Specifi-
“Heiom,

Block 25. Develop Dasign Requirements lor
Operations End ltems.

a. Utilizing the design requirements on the
RAS, the contructor shall extract portions of
one or more RASs, reassemble the design re-
quirements into operations items by means of
schematic dingrams. and develop corresponding
groes category 1 test and gross activation re-
quirements. The design requirements on the
P.AS, and the initin] test requirements shall be
integrated on the design sheet for each CEI and
critical components. Herenfter, CEI refers to
contract end items or critical components. The
operstions items identitied nt this point are typi-
cally the highest level assemblies expected from
the factory. For manned or unmanned space
systems. manned or unmanned aircraft systems,
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and ballistic missile systems, AVE and OGE
comprise the operntions ('Els for which design
requirements are developed. For electronic sys-
tems, OGE (ins'ndiig computers). and com-
puter programs, are the operations CEIs for
which design requirements are developed. See
figure 3 in chapter 5 for an illustration of the
svstem element hreakdown of rvnical svstem
programs.

h. The design ~heet ~hall be used as the hasie
desigm and test requirements documient, serving
as the “design to™ forcing function upon engi-
neermng and provuling it eategory | 1est ve-
quirements. The design <heets prepured during
phase IB become sections :3 und 4 of the Part I
Dewil Specifications whiciv are required proci-
ucts of phase IB. It is mandatory that require-
ments be stated in engineering terms. Npecific
numerical input-output performance values and
allowable rolerances shall be used rather than
general sturements.  For example. statements
such as “the CEI shall be designed to be mauin-
tainable™ is not acceptable. Rather. the re-
quirements impimed by maintainability simll be
~tated in quantitied or best-estimate quantitied
or well-qualified terms which define specific de-
sign features (see MII-M-26512C).

¢, The basic intenr of the lesign sheet is to
provide a single foal point for consideration of
all design and caregories [ and II test require-
mnents for a CEL  Design and test requirements
~hall relect inputs from varons disciplines such
as desym engineering, facility engineering,
~afety engineering. human engineering, miin-
tainability, survivability/vulnerability, relia-
bLility, transportability. value engineering, and
test and shall be hused on design and test re-
quirements in the System Specification, RAS,
trade study. and any other system requirements
documentation (reference hlock 20). FEntries
will vary considerably depending upon the com-
plexity of the CEL the preliminary design en-
gineering accomplished during the definition
phase. and system requirements. During pre.
liminary design engineering and in the process
of trade studies, esign solutions to design re-
quirements develop. The design solutions se-
lected by the rcontractor now bhecome recom-
mended design approaches.

d. The design and test requirements for each
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CEI shall be documented on the design sheets.
Common hand tools. desks. furniture, etc., shall
not be identified by means of design sheets. The
design sheet shall be identified by the CEI num-
ber or for engineering critical components the
identification number assigned to the item (ref-
erence paragraph 6.2.3. exhibit X, AFSCM
375~1), and shall appear the first time the sheet
13 prepared. The CEI numbers and nomencla-
ture of the design sheet shall be entered on the
RAS under the “Equipment Identification” col-
wmn adiacent to the corresponding design
requirements which the item of equipment satis-
fies. For items not to be .dentified on a design
sheet the nomenclature and index number (ref-
erence attachment 1; shall he entered. The
design sheet shall be reserved for contractor fur-
nished equipment. Detsil requirements for
preparation of the design sheet are specified in
attachment 1.

e. Design requirements to be satisfied by
DOD standard items of equipment and facilities
shall be directlv translated from schematic dia-
grams and RASs into the requirement sections
of the appendixzes of the Inventory Equipment
Requirement Specifications (reference eghibit
V, AFSCM 375-1). The contractor shall use
the AF technical information file (MIL Hand-
hook 300) and any other means available to in-
sure mazimum considerntions of (1) equipment
defined by current Government specifications or
modifications of such equipment: (2) off-the-
shelf equipment currently in DOD inventory :
and (3) other off-the-shelf equipment or modi-
fications of such equipmert. The inventory
equipment requirements shall be quantitative
and include the functionsl characteristics of the
item in the system, subsystem, installed environ-
ment, and complete item identification (i.e.,
Federal stock number, part number, nomeacla-
ture). The functional characteristics and de-
gign requirements are to be derived from the
svstems specification, RAS, trade studies, and
other system requirements. The Inventory

Equipment Requirements Specification is used
directly in lieu of the design sheet whenever the
contractor intends to recommend existing un-
modified DOD inventory equipment to fulfill
the functional characteristics and design re.
quirements. The design sheet is used for inven-
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tory equipment and commercial items which are
to be substantially modified. The Part II De-
tai] Specification format for prime equipment
(reference exhibit IJ, AFSCM 373-1) is appli-
cable for defining unmodified or slightly modi-
fied commercial equipment. The nomenclature
part number and/or Federal stock number of
the inventory equipment item shall be entered on
the RAS in the “Equipment Identification™ col-
umn and adjacent to the corresponding design
requirement which the item of equipment
atisfies.

f. Schematic diagrams are u-ed to reassemble
the design requirements on the RASs into an
integrated set of design requirements compris-
ing a CEL. In the development und use of sche-
matic diagrams and the preceding functional
mechanization drawings, trade studies may be
required. Schematic diagrams shall depict the
functional operation of the recommended equip-
nent in a system installed configuration. Later
these schematic diagrams shall be revised to
include maintenance characteristics determined
from the RASs developed in analyvzing mainte-
nance functions. The schematic diagrams shall
show how the design requirements on the RAS
are to be satisfied by the proposed CEI or sub-
svstem designs. They shall show the flow of sig-
nals and sequencing requirements. together with
interface requirements with other subsystems
and CEIs. Schematic diugrams shall identiyy
the RAS and functions being satisfied. They
shall illustrate end-to-end and. or closed-loop
functional relationships of the hardware to
satisfy design requirements for the operational
mode and shall later be revised to include the
maintenance mode. The evolution of schematic
disgrams starts with functional diagrams and
leads to functional mechanization uisgrams.
which lesd to functional schematic diagrams
and detail schematic diagrams. The terminol-
ogy of theee diagrams is not standsrd. Func-
tionsl mechenization diagrams may be referred
to as Jogic diagrams. However, there are other
types of logic diagrams which are used subee-
quently to schematic diagrams, as in the case of
electronic circuitry used to prepare detail draw-
ings. Mechanization, schematic, and logic dis-
grams a;e required st different lovels, just as
“design™ occurs at different levels. Detail re-
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quirement for sciiematic dingrams are in attach-
ment 1. An ezample of schematic diagrams is
presented in paragraph 8.0, attachment 2. De-
tail requirements for logic diagrams are pre-
sented in MIL-STD-806.

g CEI test requirements developed at this
point shall be limited to the initial definition of
category I tests necessary to «emonstrate com-
pliance with the performance and design re-
quirements specified in section 3 of the design
sheet. For the purpose of this manuasl, category
1 tests are defined as including system. sub-
svstem. and CEI engineering evaluation tests:*®
preliminary qualification tests®: formal qualifi-
cation tests: tests and demonstrations of effec-
tiveness factors: and engineering critical coni-
ponents qualification tests necessary as part of
the design and development program. Accept-
ance tests for CEIs. subsvstems. and systems are
not part of cntegory I tests. Test requirement
entries in section 4 of the design sheet shall refer
to the section 3 requirement to be demonstrated
and shall indicate whether compliance will be
demonstrated by engineering evaluation tests,
preliminary qualification tests. formsl quslifics-
tion tests. tests and demonstrations of effective-
ness factors, engineering critical component
qualification tests, or combinstionz thereof.
t Reference AFR 30-14. AFSCM 3754, and
exhibit IT of AFSC)I 375-1 for category I test
objectives.) YWhere selecred section 3 require-
ments compliance demonstration must be de-
ferred to category II testing due to (1) the in-
tegral system relstionship of certain CEls or
(2) the need to make such tests in an operstional
environment, these category 11 test requirements
shall be specifically identified on the design
sheet. All category I and category IT test re-
quirements shall be identified in section 4,
“Quality assurance,” in the System Specifica-
tion and Part I Detail Specifications.

h. Test requirements developed shall be in
consonance with the test concepts and require-
ments established by the program requirements
baseline. Test requirements for category I tests
should not duplicate each other and should not
duplicate the acceptance, 1&C, and category 11

®NOTT.: Limited to tests meeting the criteria in
exbibit 11, AFSCY 375-1.
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test requirements. To minimize test duplica-
tion, reliability tests and demonstrations shall
be performed as an integral part of other cate-
gory I testa and category 11 tests to the greatest
extent possible. Effort shall be made to provide
test program coatinuity from s test “measure-
roent-to-be-accomplished™ and a time-sequence
basis. For example, engineering evaluation and
quslification tests may quantitstively verify
that s specific pull force will open a critical
module drawer under all operations conditions
expected to be experienced by the item: acrept-
ance tests would more simply measure the force
required to open the module drawer at ambient
conditions on the specific item being accepted
to determine whether manufscturing tolerances
are such that the pull force was within the
allowable mazimum/minimum ranges specified
in the contractual specification: category II
tests would not measure the required force at
all,but may determine whether the required pull
force was within the capability of the personnel
simulating the operations situation.

i. CEI, subsystem., and system category J test-
ing shall be done before acceptance of the initial
CEI, subsystem, and system. In some instances.
acceptance testing may be conducted on a devia-
tion basis. For example, when CEI qualifica-
tion testing has not been completed before
acceptance of the initial CEI. a contractual
deviation must be granted before initintion of
the CEI acceptance tests.

j. Based on the test requirements for oper-
ations CEIs, the test functional diagrams and
corresponding RASs, schematics, and test
equipment design sheets siiall be further ex-
panded or initisted to define new test functions.
test sequences, and requirements for special test
equipment, test facilities, and test personnel.
As the definition phase progresses, test and acti-
vation functions and related equipment, facility
pervonrel, and procedural data requirements
that are generally defined at this point shall be
expanded into test and activation requirements
in the same manner as operations and mainte.
nence requirements. Test and activation re-
quirements and solutions shall be subject to the
reviews and controls specified for operations
snd maintenance.
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Block 26. Develop Operations Requirements
for Facilities.

a. Facility system engineering (FSE) shall
integrate facility design requirements into fa-
cility CEIs in the same manner as for other
operations CEIs (reference block 25). Facil-
ity CEIs may bLe represented by complete
facilities such as ADC control centers, SAC
launch control facilities, and TAC alert hang-
ars which also serve as facilities for mainte-
nance, or by critical RPIE subsystems such as
power generation and distribution and environ-
mental control systems. In some cases facility
CEIs may indenture to other CEIs. Facilities
that must be constructed for systemn operation
or in support of svstem operation shall be de-
fined in Facility CEI Specifications (reference
exhibit ITI, AFSCM 375-1). Equipment so
identified aball be defined on design sheets, and
the determination of RPIE/AGE designation
will be made by the .\ir Force in acrordance
with AFR 40041 prior to initistion of the ac-
quisition pl.ase. Facilities or equipment avail-
able in Government inventory shall be defined
in the Inventory Equipment Requirement Spe-
cification (exhibit V, AFSCM 375-1).

b. The essential inputs to the facility CEI
Specifications and equipment design sheets shall
come from (1) functional diagrms; (2) sche-
matic diagrams: (3) RASs: (4) facility inter-
face sheets: and (3} engineering analysis, eval-
uation, studies, and site investigations.

c. The facility functions identified by other
contractors shall be analyzed by the FSE and
further developed into specific facility func-
tions depicted on functional diagrams. This
analysis will normally result in the development
of lower indenture functional diagrams and
preparation of RAS by the FSE o further
define the facility requirements and concepts of
design.

d. Facility interface sheets prepared by other
contractors shall be analyzed by the FSE and
collsted into design requirements for specific
facility CEIs. When being prepared by con-
tractors other than the FSE, the facility inter-
face sheet is a work sheet and a checklist to
assist the contractor in developing the facility
support requirements for operations equipment.
In this manner, each of the participating con-
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tractors states his requirements for facilities
support of the operations CEI he is defining.
The facility interface sheet is the means for
transmittal of requirements data to FSE. In
the hands of FSE, the facility interface sheet
hecomes 2 working tool for the FSE to collect
and collate all interface requirements imposed
on a particular type of facility subsystem.
For example. all facility interface sheets show-
ing CEI requirements for electric power are
collated. aleng with RAS requirements, to pro-
vide input to the preparntion of the power sub-
svstem schematic block diagram and desigm
sheet. The same facility interface sheets may
be sorted by specific locations or areas to derive
the structurul and environmental requiremnents
for a particular building.

e. The FSE shall originate facility interface
sheets where the definition of a particular oper-
ations facility CEI results in an interface with
another facility CEI: e.g., launch duct require-
ment for cooling water. They will be handled
and processed by the FSE just like any
other facility interface shct. The extent
of entries on the facility interface sheet
will depend on the extent of definition of
facility CEIs and operations CEIs in block 25.
Paragraph 7.0, attachment 1. specifies the detail
requirements for completing the facility inter-
face sheet. Inconjunction with the preliminary
desigr, of facilities using schematic diagrams.
it will be necessary to make site survevs to con-
firm the preliminary site surveys made earlier
to acquire civil engineering data not otherwise
aveilable. The sice surveys shall take into con-
sideration topography, aerology/meteorology,
and geological and geographic nreas. The task
of assessing site copabilities with respect to re-
moteness, industrial, or support considerstions
shall be defined by the SPO for the FSE con-
ducting the surveys. Incident to site sur-
veys, the investigation of subsurfaces and the
analysis of water supplies shall be conducted
and reported ns prescribed by the SPO.

f. Inventory Equipment Requirement Speci-
fications shall be used only for existing Govern-
ment facilities and minor modifications thereof.
Basic technical requirements to be entered di-
rectly in the Inventory Equipment Specifica-
tion shall be to a level of depth that will allow
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rechnical evaluation of the need for and extent
of facility change required. Design character-
istics shall not restate available information.
buz shall reference the identifving number,
location, and real property records describing
the existing facility.

g. Facility schematic diagrains shall be pre-
pared and uced in rrade ~tuclies and in prepar-
ing design sheets. The diagrams shall present
the subsystem components in the same logical
and sequentinl manner depicted on the facility
functional diagrams. Specific points of inter-
face shall be indicated to depict the subsystem
in a total system installed mode. More than
one schematic diagram may be devoloped to
indicate aiternate methods of ~aqisfving fune-
tiona! requirements. When this is done, the
diagram shall be identitied and classified in
reference to the assigned subsystem.

h. The requirements derived from all sources
and analyses are arranged Ly the FSE into a
basic facility concept. .Attention shall be given
to grouping design requirements on schemstic
diagrams and design sheets 0 that the integrity
of TSRP, NSRP, and critical RPIE sub-
systems is established and maintained while
recognizing the requirements and procurement
policies of the military construction program
(MCP). Test and activation considerations
must be developed in the test and activation
system engineering documentation for facility
CEls, as well as requirements fcr particular
fucilities imposed by system or other CEI test
and activation functions.

i. The integrated civil/structural/architec-
tural operstions design requirements for facili-
tiea shall be supported by facility perspectives
depicting the area plan, site, elevation, and floor
plan. Anarea plan should show location of the
facility with respect to general area. A de-
tailed site plan should include access require-
nents, special widths, required relationships
between outside elements, clearances, parking,
loading required setbacks, paving, etc. A floor
plan should include dimensional requirements,
height requirements (cross section), doors,
widths of entrances, location of special electrical
or mechanical provisions, clear space require-
ments and bLlockouts. elevations, anchor bolts,
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or other provisions for equipment identified to
he housed in the facility.

Block 27. Develop Requirements for Operations
Personnel and Treining.

2. With equipment, computer programs, and
facilities defined in terms of integrated design
requirements on design sheets and the Inventory
Equipment Requirements Specifications, the
RASs shall now have additional entries made
1o identify personnel, training, training equip-
ment, and procedural data requirements im-
posed by the equipment and fsnilities defined.

h. When function and design requirements
on the RAS demand man-equipment interface
(thuman performance to operate operations
equipment or facilities) : personnel, training,
training equipment, and procedural dats re-
quirements shall be entered on the RAS. In
cetermination of these requirements, inputs
shall be made from engineering, safety spe-
cinlists, personnel subsystem specialists, and
technical publication personnel. The data de-
veloped at this point, plus the data to be
produced later, shall be used as the scurce data
for determining the (1) exstent of training re-
quired: (2) preliminary list of training equip-
ment: (3) list of required procedural data: and
(4) qualitative and quantitative personnel
requirements information (QQFRI). The
SPO may require the contractor to prepare se-
lective task analyses to provide more detailed
data for determining detail design of man-
equipment interfaces: determining the training
required; determining programed instruction
requirements; selecting and designing train-
ing equipment and aids; and preparing the
QQPRI. Thees detsiled data shall be based
on the criteris contained in the RAS required
by contract and shall be developed in accordance
with MIL~-D-2628¢ for personnel information.

c. The “Personnel and training equipment
requirements” column shall have entries defin-
ing (1) the major tasks required to be per-
formed by personnel: (2) the time required to
nccomplish the tacks; (8) the significant human
performance requirements determined by or
constraining the tasks, inciuding sustenance
and life support requitements; (4) the extent
of training required; and (5) training equip-
ment or aids, including the class of training
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equipment or aids. The gersonnel, training,
and training equipment required is based on
the cumulative eflect of the line entries in the
“Personnel and training equipment” column of
the RAS. Just as the design requirements are
to be grouped into CEIs, the tssks are grouped
into Air Force specialty codes (AFSC), the
training requirements are grouped into courses,
the class of training equipment recommended
is synthesized into treining equipment on design
sheets, and the procedures are grouped into pro-
cedural data. Where the procedure for opera-
tion of equipment and facilities is not obvious.
and procedural data are required, the type of
procedura] data and identifying number shall
be entered under the “Procedural data require-
ments” column. Detailed requirements for
completing these colun.ns are specified in
attachment 1.

d. The information developed in the “Time
required” column serves as an input to and
verification of the estimated required times de-
veloped for time-critical operations functions
in block 22. Time-line sheets shall be used in
performing trade studies between the least time
required to perform a given function and the
best use of perscnnel and equipment accom-
plishing the function. Results of these trade
studies may lead to a change from the manual
operation to automation or mechanization; i.e.,
in the case where the time for man to calibrate
an electronic CEI will not meet reaction time.

e. Based upon the above personnel require-
ment and task information, category II person-
nel subsystem test and evaluation concepts and
requirements can begin to be formulated to pro-
vide inputs to the appropriste test plans.

Block 28. $S+lect AVE and/o¢r OGE and Facll-
ities.

a. This action represents the contractor’s
identification of equipment, facilities, and com-
puter programs essential to the performance of
the intended mission. These equipments, facil-
ities, and computer programs (reference para-
graph 18b, chapter 6) shall be defined by means
of design sheets or Inventory Equipment Re-
quirements Specifications in terms of design
requirements necessary to meet established sys-
tem functions. This selection of equipment
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includes only the equipment which performs
the operations mission: e.g.. booster, spacecraft,
commend and control console, and radome.
Subsequent selections treference block 41) will
include equipment and facilities required to
maintain equipment selected foi' the operations
mussion.

h. Engineering manazement emphasis is re-
syuired to assure that rue ~election of equipment
and facilicies is valid and based on sound engi-
neering judgnient and supporting documnenta-
tion. By tracing the logic of the process from
~ystem requirement~ fo functions to «esign re-
siuirements, the engineering manager can sub-
stantiate the validity of the equipment selected
and. if required. direct additional engineering
definition effort. This step represents a major
decision point and management must be assured
that a thorough job is accomplished. Subse-
quent etfort may require changes in the selecrion
of AVE and, or OGE and facilities: however.
mazimurm manugement efiort should be directed
to keep these changes at a minimum. The
equipment and facilities selected shall be iden-
tified on the specification rree in the System
Specification.

Block 29. Identify High Risk Areas and Long
Lead Time ltems.

a. The contracior <hall identify high-risk
areas  and long-lead-time CFlIs which are
either rime, rost. or performance critical.
These high-risk areas and long-lead-time items
include items which are state-of-the-art prob-
lems, critical materials, engineering critical
components, significant dollar cost items, and
items which require extensive manufacture or
testing time.

b. The purpose of this identification is to di-
rect specific emphasis where required to assure
that unforeseen delays, costs, and schedule slip-
pages ure not built into the program. While
the conceptual and early definition phase
efforts will have identitied some of the problems
to be anticipated in high-risk areas, this action
is to assure that these problems are studied and
resolved. For example, schedvle adjustments,
selection of alternative design approaches or
early procurement acrions may be required.

49
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Block 30. System Requirements Review.

a. The SPO will review the selected AVE
and/or OGE and facilities: the personnel re-
quirements: the etfectiveness factors apportion-
ment. and high-risk areas for the purpose of
assuring that system requirements are being
met. The svstem engineering documentation
tee, functional Jdragrams. NASs, schematie
dingrams, design -heers, inventory equipment
requirement and CET Identification Specifica-
tions, facility interface -heets, rrade-study re-
ports, time-line sheets. and faciliry perspectives,
leading ro the selection of equipment and facil-
ities) will be selectively reviewed for technical
adequacy. Selertion of documentation to he
reviewed and the depth of review will be estab-
lished by the SPO. Specific attention will be
directed toward a review of interface documen-
1ation between reluted contractors to assure
thar system compatibility is being maintained.
The schematic diagrams will furnish the basic
information necessary for the review and eval-
uation of interface problems and solutions.

h. Actions emanating from contractor and
SPO engineering changes will be documented.
Where inventory equipment is identified by con-
tractors. the SPO will determine availability
of the items. Special emphasis will be directed
by the SPO to insnring maximum use of equip-
ment in the DOD inventorv and to meeting
rather than exceeding or falling chort of total
system requirements by the equipment design
requirements. Where it is apparent that the
contractor is undertaking a design effort that
clearly exceeds the state-of-the-art, allocated
funds. or imposed schedule. appropriate action
will be taken to redirect such efforts.

c. The prime objective of this system require-
ments review is to assure that the definition
effort is proceeding in a logicnl manner toward
its ultimste objective. All contractors shall
participate in this revies. The SPO will as-
sure that the review is conducted so that crea-
tive or proprietary differences betteen contrac-
tors are not compromised.

Slock 31. Update System Specification.

a. The contractors shall use the results of the
engineering effort to update and refine their
portions of the Nvstem Specification specified
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in the phase IB contract. Though shown on a
step function to indicate a =igmfieant milestone,
maintaining an accurate system specification is
a continuous effort. Particular attention shall
be paid to the design: performance parameters
of the subsystems hased on interface require-
ments identified in ~chematic diagrams. Tt
shall be the function of the SPO deputy direc-
tor for engineering to as=ure that subsystems
are properly interfaced and rhat averall system
integrity is maintained through the nse of the
System Specification.  The svatem engineering
docnmentation provules ~ouree information for
the requirements contained in the System Speci-
fication. Chunges to this documentation shall
le reflected in rhe System Specitication.
Changes to the Nystem Specification include
expansion of the Specification Tree and devel-
opment of the CEI list to reflect equipment
selected Ly the acrivity described in block 28

b. Updating and refining the Syste:n Speci-
fication may change the performancedesign
requirements which were identified as part of
the prograin requirements baseline. Clianges
to these requirements -~hall bhe accomplished
using system requirements ECD's in accordance
with exhibic VIII. AFSCM 373-1.

Block 32. Develop End-ltem Maintenance
Functions for Critical RPIE Subsystems, AVE,
and/or OGE.

a. The next wroup of blocks eseribes the
maintenance design vnmineering actions con-
ducted to define the incennnre design re-
quirements of the system. The ultimate goal
of this series of actions is to assure that main-
tenance implications are considered in depth
prior to the additional preliminary design of
operations equipment/facilities. It is neces-
sary to consider the <equential maintenance
funciion requirements leading to the selection
of equipment (reference block 34) and the
maintenance function requirements generated
by the equipment previously selected (reference
biock 28).

b. The first action in this group of blocks is
to indenture the operations equipment, defined
by the preceding actions into components and
to determine the maintenance functions which
must be performed on these components.

30
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FEqunipment mnintenance can be caregorized into
standard functions. It is, therefore, possible
to select from a standardized list the equipment
maintenance functions required. The list con-
tains the following functions: test-checkout,
culibrate, adjust. remove-install, replace. re-
pair-overhaul. protect-service, visual check-
inspect. «lean-purge-filter-contamination. com-
posite rest, svstem alignment. store-handle,
monitor-operate, and interface. The end-item
maintennnce <heet «reference attachment 1)
contains the standard list of maintenance func-
tions and <hall be used to record the maintenance
vequirements for each CEI. For facilities. only
critienl RPIE =uhsvstems <hall be analvzed
utilizing -wl.irem niait renance sheets to deter-
intne detail maintenance requirements.

«. In identifving the functions required to
maintain the AVE andor OGE and critical
RPIE <ubsystems appropriate ~onsiderations
of the various modes ~hall Lie included. For
example. (1) the preventive or corrective main-
tenance required tn keep the syvstem opersting
while the AVE and/or OGE are in their oper-
ating confizuration (system installed): (2) the
maintenance required on each reparable AVE
and OGE assembly which may be removed/in-
stalled in the svstem installed configuration
te.z.. modnlar drawers iu equipment racks):
and (3) maintenance required on each reparable
assembly which may be removed,installed only
after its next higher assembly has been removed
from the svstem installed configuration (e.g.
computer elements, valves. and printed card
circuits).

d. Maintenance functions for each item of
AGE and/or OGE and for critical RPIE sub-
systems shall he identified down to the lowest
reparabla nonstandard component. In deter-
mination of the maintenance functions to be
perforined on AVE and/or OGE, the following
sequence shall be used. First the CEIs are
analvzed as a unit. The next step is to inden-
ture each CEI into its major nssemblies. then to
indenture each major assembly into its lowest
reparable components. The above sequence of
indentures shall be listed consecutively on the
end-item maintenance sheet. At thistime it will
be impossible to indenture the equipment to the
lowest reparable level. The basic intent is to
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accomplish the lowes\ level of indenture possible
and to develop lower level indentures as addi-
tional information becomes available. The pur-
pose at this time is to assure that design param-
eters of the equipment selected do not impose
excessive or impossible maintenance require-
ments upon the svstem.

e. Maintenance functions provide a basis for
apportionment of effectiveness values to CEls
and components predicted to be the reparable
at organizational and field levels: design of
maintenance oequipment : determining human
performance requirements for maintenance:
and provisicning. Attachment I specified the
detailed requirements for determining the main-
tenance requirements utilizing a  manual
procedure.

Block 33. Develop Design Requirements for
End-ltem Maintenance Functions.

a. Following the establishment of the func-
tions required to maintain the operations CEIs
(critical RPIE subsystems. AVE. and/or
OGE), it is necessary to translate these func-
tions into design requirements. The contractor
shall record the product of this effort on the
RAS. Maintenance implications of the TSRP
functions must be considered along with the
AVE and OGE. Not only do facilities design
requirements derive from AVE and OGE mmin-
tenance functions, but also the facilities them-
seltes must be maintained. thereby imposing
maintenance requirements on facilities design
and, in some cases. requiring MGE for critical
RPIE subsystems. The RAS provides the
documentation necessary to insure consideration
of each function and establishment of corre-
sponding design requirements.

b. After maintenance design requirements are
determined, it is necessary to assure that the
requirements are either incorporated as main-
tenance design features into the operations
CEls or that the design requirements are met
by MGE required in support of the operations
CEls. An example of the former would be the
utilization of a computer accomplishing a guid-
ance function to check CEIs employed in per-
forming the flight control function. An ex-
smple of the latter would be a test set required
to verify that adequate power is being pro-

L}
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vided. In the case of the test set. jacks would
have to be designed into the AVE to permit the
performance of the checkout function.

¢. Each mainteinance function entered on the
end-item maintenance sheet shall contain corre-
sponding design requirement entries on the
RAS. The end-item maintenance sheet fulfills
A purpose similar to that of the functional
diagram: namely. that of delineating the func-
tions which the syvstem elements have to per-
form. The RAS is nsed for hoth the end-item
maintenance sheets and the functional diagrams
to translate functions into design requirements.
These requirenients shall be stated in specific
terms. For example. input and outnut voltages
should be specinied for a mamntenance decoder
which is required to replace the OGE decoder
during test. An example of a specific state-
ment might be “Internal test points shall be
provided and must be brought ont to test con-
nectors on the drawer tronts to allow the con-
nection of the test equipment.”

d. Facility design reguirements emanating
from AVE and/or OGE shall be entered in the
“Facility requirements™ column of the RAS.
This column contains the data for FSE to de-
termine facility equipment required to support
AVE and/or OGE.

e. The maintenance design requirements de-
termined will be preliminary in nature due to
the limited preliminary desicn. The detailing
of the requirements will necessitate additional
preliminary design of the CEI. Nevertheless.
sufficient information concerning requirements
should be available to make a preliminary as-
sessment of the design approach to be pursued.
As 2 minimum, sufficient information will have
been acquired to proceed with the establishment
of the initial parsmeters of the MGE and facil-
ities required 10 support the AVE and/or OGE.

Block 34. Develop Detalled Sysiem Mainte-
nance Functions.

a. While this action is proceeding concur-
rently with the action required by block 32, it
is a distinctly different effort. The action of
block 32 is concerned with the maintenance re-
quirements generated by CEI design. This
action is concerned with maintenance require-
ments generated by svstem design. While there
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will be an interactive etfect between the two
efforts, the levels of functions are distinctly
different.

b. The contractor shall identify system main-
tenance functions on functional diagrams in the
manner prescribed for the formulation of oper-
ations functions. As in the case of operations
functional diagrams, it is not anticipated that
functional diagrams will be indentured below
the third level. System maintenance require-
ments were translated into gross functions such
as “Launch and launch control maintenance,”
“Support base maintenance.” and “AVE re.
cycle and depot maintenance.” on the top-level
functional diagrams (reference attachment 2).
While gross maintenance requirements have
been previously incorporated into the initial
design parameters of the AVE and/or OGE
and facilities, the detail definition of system
maintenance functions will depend upon the
specific AVE and/or OGE selected. ie.. it is
necessary to determine *“what™ before the “how™
can be thoroughly explored.

c. Each gross function is indentured to the
level necessary to insure adequate description of
the system maintenance requirements in func-
tiona] terms within the design parameters of the
AVE and/or OGE und facilities previously
selected. For example. in the case of a space
system, it will be necessary to identify the func-
tions which must be performed for the preven-
tive and corrective maintenance of the space
vehicle, booster, guidance package. the AVE re-
movable from the booster, including separate
stages as appropriate, and other identified OGE.
Thus, “Support base maintenance” functional
diagrams would be prepared to cover those
functions involving the receipt, handling, stor-
nge, and transportation of out-of-commission
AVE and OGE at the support base. “Launch
and launch control maintenance™ subfunctions
would be established to cover the functions in-
volved in removing and replacing the space
vehicle and major end items of the booster: ...
guidance package and propulsion stages.
Maintenance function requirements such as mal-
function isolation or corrective action after dis-
covery of a malfunction would also be covered
in the “Launch and launch control maintenance
subfunction.
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d. The contractor shall assure that mainte-
nance functional diagrams are indentured to
the level necessary to completely describe the
maintenance functions imposed by svstem re-
quirements.  Detailed requirements for the
preparation of functional diagrams are covered
in attachment 1.

Block 35. Develop Design Requirements for
System Maintenance Functians.

a. Following the establishment of the system
maintenance functions, the contractor shall de-
velop requirenients for a design to satisfy the
prescribed functions. This task shall employ
the methodology ized in determining operations
design requirements (reference block 22), De-
sign requirements shaii be Jetermined for each
function and shall be documented on the RAS.
In determination of maintenance design re-
quirements, previously selected AVE and/or
OGE equipment will be a major constraint.
For example, the design requirements necessary
to satisfy the function “Remove command
module”™ will have heen predetermined to a
large estent by the design parameters of the
command module, including size. weight, en-
vironmental requirements, etc. This ig not to
imply that trade studies between maintenance
and operational requirements should not be con-
sidered but, rather. that there is a direct rela-
tionship between selected AVE and/or OGE
and maintenance design requirements. Alter-
nate methods for meeting prescribed functions
shall be considered in depth.

b. Facility design requirements for TSRP
equipment and structures, building, etc., will be
recorded on the RAS in the same manner as
other equipment. In this case, the “Facility
requirements” column will describe the inter-
faces bet ween facilities and other system equip-
ment: e.g., OGE designed by other contractors.
The cstablishment of design requirements in a
systematic manner through the use of standard-
ized documentation provides the means for
assuring that design interfaces between equip-
ment and facilities have been properly consid-
ered nnd that a communication link has been
established betiween the various contractors in-
volved. This requirement is especially signifi-
cant in the case of long-lead-time facilities
where construction must begin prior to the com-
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pletion of the design of equipment. In this case,
the {ecility design becomes a co.straint upon
the design of the equipinent : e.g., booster length
will be restricted by the size of the silo which
provides environmental protectirn and control.

c. The stabilit—- ard depth of design require-
ments recorded  the RAS will depend upon
the exten: of design information availoble.
When additi~nal design information is ac-
quired, design requirements will become more
detailed and stable. In the determinarion of
design requirements, the preselection and
grouping of design requirements on the basis of
preconceived 2quipment and facility configura-
tion should e avoided.

Block 36. System Requirements Review.

a. This action is similar to the activity de-
seribed in block 23 but shall be primarily 3i-
rected toward a review and evaluation of the
maintenance functiol.; and requirements. Dur-
ing this review, the SPO will assess the progress
of the definition effort and identify the working
effectiveness of participating contractors.

b. Maintenance functions developed will be
reviewed to determine that the support concopts
are valid, technicslly feasible, and understood
by the participating contructors. Functional
diagrams will be reviewed for continuity and
accuracy. The allocation of functions to partic-
ipating contractors will be reviewed to assure
that interfaces have been adequately covered.
The RAS will be reviewed to assure that ex-
plicit requirements have been entered for func-
tions identified on the functioual diagrams and
end-iter: maintenance sheets. 1t will not be the
function of the review to perform an on-the-
spot technical integration of the system but,
rather, to review how well the integration effort
has beea accomplished. As a product of the
review, the SPO will identify and assure reso-
lution of any technical integration problems
emanating from the definition effort.

¢. To assure that this review and all subse-
quent reviews accomplish the intended purpose
and do not delay the contractor’s effort during s
critical part of the definition or acquisition
phase, it is essentisl that the contractors and “he
SPO be equally responsive to actions resulting
from the revierws.
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Block 37. Pertorm Trade Off Stndies (Mainte-
nance Elemenis of the System).

a. The next sequence of engineering actions
tblocks 37. 38, 3¢, and 40) is directed toward
the definition oi the basic maintenance ele-
ments of the sysiem (MGE. AAE, facilities.
and personnel). While each action is discussed
separately. the actions are interrelated and .nus:
Le performed concurrentiv. The objective of
this series of engineering actions is to provide
a firm basis for the selection of maintenance
<vstem elements which best fit the design re-
quirements previously specified. “or achieve-
ment of this objective. it is necessary to evaluate
design alternatives nn the basis of time. cost.
ard performance. In some cases. engineering
judgment rwill be adequate to justify the design
choice or there will be no alrernatives to choose
from. whiie in other cases alternatives will have
to e considered in detail before valid decisions
can be made. The coutractor shall acomplish
trade studies necessary to provide techaical sub-
stantiation of requirements for end items, facil-
ities, personnel, and training required to accom-
plish maintenance functions.

L. This action shall employ the rationale used
in conducting trude studies for operations ele-
ments (reference block 24). Mintenance trade
studies shall be reported in accordance with the
requirements of atrachment 1. Results shall be
reflected on appropriate functional diagrams.
RASs, time-line sheers. design sheets, schematic
dingrams, and end-item maintcnance sheets.
\ppropriate feedoncks shall be made to opern-
tions requirements where maintenance selections
result in changes to previnusly selected opera-
tions elements. The objective of these trade
studiiz is to nchieve n system balance based on
che consiaerution of trinl requirements. By
placing specific emphasis on maintenance as a
sepunute entity, the continctor and the SPQO are
able to visualize the entirz system. Trade study
results will provide a firn Lusis for the alloca-
tion of mnintenunce functions and design re-
quirements. Maintenance trade studies to be
conducted at this time are those required tc sup-
port the nction: specified in blocks 38, 38, and
40.
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Block 38. Develop Design Requirements for
Maointeaance End ltems.

a. A critical step in the design process is to
develop the design requirements into deliver-
able CEI packages. This erep is based on previ-
ously ucquired design knowledge, the results of
trade studies, and the description of the system
in functional teems.  The vontructor shall deter-
mine how system requirements will be met in
terms of maintenance CEls.  Additionally,
aerospuce ancillary equipment (AAE) required
10 support the manintenance and operation design
~hall be identified. Specitic steps required in
the deveiopment of lesiyn requirements for
maintenance end items are similar to those pre-
sented in block 25 for operations CEls.

b. The task of design engineering becomes
one of grouping the design requirements appear-
ing on the RASs through the use of schematic
dingrums into CEIs.  Results of the grouping
appear ns design requirements on the dJesign
sheets. Each design requirement appearing on
the RAS shall be covered on one or severnl de-
sign sheets. These design requirements will he
further expanded to assure that quantitntive
input/output information is included which
adequatecly describes the total design require-
ments of the CEI to be designed. tested. and
delivered.

c. MGE resulting from this netivity is first-
level maintenance equipment: ie. primarily
organizational and. in some cases. tield equip-
ment required in suppoit of operntions equip-
ment. AAE resulting from this action is that
equipment required to imin personnel or to in-
stall, essemble. checkout, test, or repair the sys-
tem. These items of equipment do not become
organizational equipment: i.e.. they are “dead
ended.” Examples of AAE are flight-test in-
strumentation equipment, safety-destruct equip-
ment. and a mission simulator. Detniled re-
quirements for preparing design sheets are pre-
sented in parngraph 6.4, attachment 1.

Block 39. Develop Mointenance Requirements
for Facilities.

a. The FSE shall wanslate and group the
facility design requirements for maintenance
into facility CEIs using the methodology that
wus emploved for grouping facility design re-
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quireinents for operations (reference block 26).
The design requirements contained on the RASs
shall be grouped by nenns of <chematic dia-
grams and recorded in Facility CEI Specifica-
tions and on design sheets. Existing facilities
shall be identified thirough the use of Inventory
Equipment Requirements Spercifications.

b, Because of leadtime requirements, facility
construction is often required prior to the com-
pletion of desiym and fabrication of equipment.
Furthermore. constructed factlities usually do
not provide flexibility for changes 1e.g.. launch
facilities and hangars, when hardened, are costly
to modify). Therefore, the early establishment
of equipment and facility interface control is
eritical,

c. The facility interfuace sheet «reference para.
7.0, artachment 1) shall be used by all con-
tractors to document and transmit facihity re-
quirements gzenerated hy the esign require-
ments of other equipment. This sheet provides
i means for vecording and timnsmitting facility
interface information fram nonfacility contrac-
tors to the FSE and will become the basis for
the development anvl assessment of maintenance
facility design requirements. T'le facility inter-
face sheet serves as an interface control docu-
ment for insuring identification of equipment
requirements having an impact on facilities.
Facility interface sheets are to he used by the
FSE 1o record facility interface information
resulting from the design vequirements for
RPIE. For example. a fixed crane or hoist de-
fined as maintenance RP1E will require facility
power and structural support. A facility inter-
face sheet for the crane would summarize thess
requirements for input to the preparation of de-
sign sheets for the power or structur) support
facility items.

Block 40. Develop Requirements lor Mainte-
nance Personnel and Training.

a. Sufficient information has been acquired to
specify the initial requirements for maintenance
personnel, training, training equipment, and
procedural data. Requirements for mainte-
nance personnel and training shall be developed
by the contractor using the RAS the same as
described in block 27 for operations personnel
and trnining requirements,
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h. As in the cnse of operations personnel and
training requirements, the requirements speci-
fied for maintenance personnel and training
will be preliminary in nature. The identifica-
tion of complete personnel and training require-
ments is dependent upon additional design ef-
fort and the identification and selectinn of the
rotal MGE. AAE. and facilities required for
maintenance. ITowever. sufficient information
van be acquired concerning personnel and train-
ing requireinents for an evaluation of the se-
lected system elements: ¢.g., per=onnel. facilities.
and equipment on the basis of the design re-
quirements appearing on the RAS and design
~heete

c. The personnel and training equipment en-
tries on the RAS will provide information to
answer questions such as: Has a proper balance
hetween the various elements heen nchieved?
\re certain areas overlonded? Are skill levels
and tasks too demanding? Are training re-
quirements excessive to the capabilities for
training? Should a higher degree of auroma-
tion be achieved?

Block 41.
Facilities.

Select MGE, AAE, and Maintenance

a. The contractor shall select the MGE and
AAE necessary to support the operations ele-
n.ents previously selected in block 28. The con-
tractor shall select the additional facilities pe-
culiar to maintenance which are necessary to
satisfy the facility design requirements de-
veloped in blocks 88 and 30. This activity
represents the first iteration of engineering ef-
fort to define the total list of maintenance
equipment. .All major items of MGE, AAE,
and facilities required shall be identified.

b. Subsequent steps include the balancing of
selected MGE agninst previously selected fa.
cilities and/or OGE. the analvsis of MGE to
determine additionnl maintenacnce require.
ments and identification of related MGE, AAE,
and facilities for test and activation. Mainte-
nance equipment, facilities, and AAE selected
will be identified on the CEI list and the speci-
fication tree in the System Specification.
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Block 42. Identify High-Risk Areos and Long-
Lead-Time liems.

a. This block describes the action directed
toward the identification of high-risk mainte-
nance areas. The action required is similar to
that performed under block 29 and is a result
of the trade studies described in block 37. In
trade studies. high-risk areas may have been
identified. For example. the uze of un airborne
computer to perform checkout functions may
Lecome a ligh risk unti] sufficient experience is
acrcumulated to determine that the compurer can
accomplish both functions.  Other examples of
high-risk areas might be (1) the feasibility of
developing ap autamatic malfun~ticn detector
of the totai sy=1em 1n a zvstem instatled configu-
ration: (2) the lead time involved in construc-
ting a new maintenance facility where the total
requirements for the facility (in terms of specific
environmental tolerances, power requirements,
etc.) will not be established in time to meet con-
struction start dates: and (3) the uncertainty
of availability of Government test facilities at
the time required.

b. There are many maintenance and support
factors which must be considered: however, the
prime emphasis shall be on major trouble spots,
and the criteria for the selection of these can
only be based on sound engineering judgment.
Where a trouble epot is identified. it may be
possible to eliminate or recdiuce rhe risk through
the selection of an alternate item of equipment.

Block 43. System Requirements Review.

a. The SPO will review effectiveness factor,
apportionment, personnel requirements, high-
risk areas, and the hardware selected as stated
in block 41. Documentation leading up to the
selection of the equipment, such as msintenance-
oriented functional diagrams, schematic dia-
grams, RASs, design sheets. and time-line
analyses shall be reviewed for technical ade-
quacy and system continuity. Specific atten-
tion shall be directed toward the detail review
of interfoce documentation, high-risk areas, and
results and progress of selected trade studies
involving maintenance. Where inventory
squipment has been identified, the SPO shall
determine availability of the items.
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b. As in block 30. the purpose of this review
1s to nssure that appropriate progress is being
made in defining the system and that actions
required as a result of previous reviews have
Lieen accomplished. TWhere interfaces or other
technical probiems cannot be resolved between
contractors, the PO shall arbitrate to nssure
that necessarv technical (lecisions are reached
and that the definition provess is permiited to
proceed in n timely manner on a toml system
hasis.

Block 44. Periorm Trade-Off Studies (Opero-
tions Design vs. Maintenance Design).

a. The purpose of this step is to integrate the
nperarions design with the maintenance design
‘o oprimize all major system eiements. The
contractor shall perform any necessary trade
studies to insure a balance of selecred operations
and maintenance equipment, faciiities, person-
tel. and related rtest and acrivation require-
ments for the purpose of evaluating the defini-
tion nccomplished in terms of meeting rather
than exceeding cnst. time. and performance
requirements.

b. These studies shail consider how well the
system defir.ed has considered effectiveness fac-
tors and the requirements for performance.
maintenance. personnel. development and rest.
and production. The vonsideration of factors
involved in svstem downtime such as mainte-
nance and personnel requirenients represents a
preliminary assessment of the effect that a par-
ticular configuration has upon elements of the
system involved in maintenance (MGE, per-
sonnel, facilities). Decisions resulting from
the comparative analysis of operations and
maintenance requirements shall be reflected in
the system engineering documentation.

Block 45. Prepare Delail Specifications.

a. One of the mnajor objectives of the system
engineering process is to provide the foundation
for the uniform gpecification program. System
engineering has svstemutically identified and
defined complete “‘design-to” requirements and
reluted category I and IT test requirements for
ench CEI. The design sheets which have been
prepared shall now become the ‘“Requirements
and quality assurance” <ections (3 and 4) of
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the Part I Detail Specifications for prime
equipment. tocility. identification items, and
critical components (reference exhibits II.
IIL IV. ard VI AFSCM 373-1). Additional
specification sections required by AFSCM 375-1
shall be prepared and combined with sections
3 and 4 to form the initial version of the Part
I Derail Specification. [uventory Equipment
CEI Specifications <hall be «eveloped in uc-
cordance with exhibit V. AFSCM 375-1, and
as an integral part of the svstem engincering
process.  Appropiiate ~hanges and additions
<hall he made 10 the Svstem Specification to
retiect the content of the Detnil Specifications
prepared.

h. The Part I Detail Specification. asg the
basic document for specifving all design and
test requirements. provides a single line of com-
munication between rthe designer an< the SPO.
The accumulation of “design-to” and test infor-
mation in the Part 1 Detatl Specifications re-
sults in estatlishing the design requirements
baseline at the completion of the definition phase
(reference chapter 2, AFSCM 375— 16 March
1984). Though the block portrays specifica-
tion preparation as a single activity, a continu-
ous relationship must be maintained between
operations design and maintenance design and
the uniform specification program. As addi-
tional items of equipment are selected, corre-
sponding specifications shall be prepared.
Changes in design and rest requirements shall
he incorporated in the appropriate specifica-
tions.

Block 46. Update Design Requirements for
Operations Functions.

a. The actions described in blocks 48, 47, 48,
and 40 represent an expansion in detwail of the
previous definition effort. Changes to opera-
tions functions, design requirements, test re-
quirements. activation requirements, and re-
quirements for equipment, facilities. personnel,
and training resulting from maintenance con-
siderations shall be recorded in the sysiem
engineering documentation.

b. Design requirements for operations func-
tions shall be updated by the contractor through
the use of functional diagrams. RASs, trade
studies. and time-line sheets. The reallocation

Y
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of design. test. and acrivation requireinents re-
~ulting from trade studies. as well as the assign-
ment of mnintenance functions to operations
equipment. shall be recorded in the RAS and
time-line sheets.

Block 47. Update Design Requirements for
Operations End ltems.

a. The contractor shall updare the desizm and
test requirements confainedd in the applicable
Detail Specifications.  This 13 accomplished in
the snme manner as initial desiem and test re-
quirements for CEIs were developed (reference
block 23). with the exception that thie schematic
diagrams and Detail Specification now contain
maintenanre design features: w.g.. test taps,
test gages, and quick disconnect requirements.
Changes to Detail Specifications will range
from minor changes 1o rthe deletion. addition.
and repackaging of CLEJs.  In the case of addi-
rional CEIs. it will be necessary 1o prepave
backup end-item maintenance sheets and RASs
to assure that maintenance implications have
heen considered.

b. This action represents applving the results
of the efforts made in integrating operations.
inaintennnce, test, and activation requirements.
The contractor shall assure that design require-
ments entered in the Detail Specifications in-
clude the decisions made as the result of trnde
studies and addirional design efforts. For ex-
ample. in the use of electronic <vstems, an
updating of the design requirements for the
computer program would:

(1) Specify detail performance and design
requirements for the computer program CEIs
and identifiable elements within these end
itemns; specify constraints, limits, and standards
necessary to insure interface compatibility with
the other computer programs and equipment
CEIs: und specify detnils of the functions to
he performed by each computer program CEI
This includes necessary logic, mathematical
formulas, decisions, sequencing, data formats.
data base requirements, eic.

(2) Specify computer programs CEI per-
formance in terms of the functional require-
ments. This includes requirements which es-
tablish the efficiency/effectiveness of the CEls
us viewed by the user.
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131 npecify detl requirements for veri-
ficution of performance and design of the
computer program CEIs and general test
methodology 1o he used.

Block 43. Update Operations Requirements for
Facilities.

A Changes resunlting from balancing opera-
fions and usuntenance regirements and solu-
tiuns, us well as te=t and activation requirements
and solutions, -hall be reflected in facility
docwmentation.  The «contractor shall make
appropriate clianiges to tiw Part I Detail Spec-
iications.  LRASs fuciliey interface sheets.
facility schematic diagrams. and facility per-
speetives deveinped earer creicrenve block oo
to assure that the impact on facilities has been
duly considered. Changes o facilities will
vary from minor changes 1o the deletion or
addition of equipment and facilities.

b Requivement~ develuped from the actions
specified in blocks 26 and 39 have identified
facilities to fulfill a direcr <upport functionsl
role such as alert hangars. protective silos, run-
ways, propellant loading farility, and mainte-
nunce docks. It is now possible to identify new
facility requirements imposed by the facility
Jdesigm itself (i.e.. electric power, emergency
power, deluge. ete) aud 10 further define
the requirements imposed on facilities by the
svstem test and activarioh requirements.

Block 49. Update Requirements for Operations
Personne! ond Training.

a. Changes to personnel und training require-
ments to support operations. us well as test and
activation, shall be incorporated on RASs and
time-line sheets to reflect the personnel and
training nspects of the system that have been
considered as part of the trnde studies and de-
sign effort. The personnel requirements of the
system engineering documentation shall be
updated and, where contractually required, fur-
ther detailed into the initial QQPRI document
i accordance with the requirements of MIL-
D-26239. This document establishes the duties
and positions of personnel required to operute,
maintain, nn? ~ontrol the system and defines the
Lasic tasks nssigned or allocnted to the positions.
Physical location. time to accomplish. and indi-
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vidual technical capability are major factors in
determining personnel positions and duties.
Assignment of tasks to positions must be done
on a logical basis.

b. Concurrently with the formulation of the
initial QQPRI, the system engineering docu-
mentation pertaining to recommended fraining
equipment and extent of training required shall
he updared and. where contractually required.
restructured into a training equipment plan-
ning information (TEPI) Jdocument. The
formulation of the svstem trining equipment
package is dependent upon the etfective group-
ing of rraining equipment in relation to the
estent of training required on the positions
iclentified in the initial QQPRIL. (lose coor-
dination regarding anticipated student foad
and availability of training facilities is re-
quired between the 3PO. ATC, and the using
ommand in order to achieve realistic trining
requirements.

Block 50. System Design Review.

a. The SPO will teview thie svstem design
approach and the =ystem eclements defined.
The review is to identify how the final combi-
nation of operations, maintenance, test, and ac-
tivation requirements has atfected program
roncepts: atfected quantities and types of
equipment : established new or modified facili-
ties: and establiched new or modified personnel
requirements. The PO will Jdetermine that
the requirements for each svstem element are
essential and are in consonance with the pro-
gram requirements baseline. The review is to
determine whether the system design defined
presents an optimum balance of system ele-
ments and that s technicsl understanding of
all requirements has been reached,

b. This is the last in-process review during
phase IB, and it is essential that the documen-
tation developed be critically examined to
insure attainment of the objectives of the
definition phase. The documentation to be
available for review <hall include functional
diagrams, RASs, trade study reports, schematic
disgrams, time-line sheets, initial Part I Detail
Specifications, facility interface sheets, facility
perspectives, end-item maintenance sheets, and,
where applicable, the initiai QQPRI and
TEPIL

8
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Block S1. Update Syste— Specification. This
action repre wts th .teration of the Sys-
tem Specification d . phase IB. The con-
tractor shall incorporatw. into the System Speci-
fication, the decisiors resulting from the
engineering required by blocks 32 through 50.
Changes to the zpecification tree shall be made
to identify the equipment resuiting from the
actions described in blocks 41 and 47. The
svstem epecitication shall incorporate appro-
priate syvstem engineering documntation: e.g..
functional diagrams ro describe functional re-
quirements and schemarie diagrams to portray
interfaces.

Block $2. Complete Detail Soecifications. The
Detail Specidvations initisted in biock 45 shail
be completed at this time. The contractor shall
complete these specifications on the basis of the
svstem engineering dorumentation accumulated.
The Part I Detail Specifications for the opera-
tional, utility, and support computer pro-
grams may not be completed until Part I Detail
Specifications for the prime equipment have
been prepared. The completed specifications
shkall be part of the phase IB final report (ref-
erence AFSCM 373—) and will become contract
requirements for the design and development
portion of the acquisition phase.

Block 53. Estimate Quantities of AVE aond/or
OGE, Facilities, and AAE. The contractor shall
estimate the quantities of AVE and/or OGE,
facilities, and AAE supporting the operations
mode of the system. Quantity determination is
based on variables such as force size, reliability,
alert status requirements, and maintenance
downtime and, therefore, bears a direct rels-
tionship to the design approach selected. The
impeact of the selected design npproach on the
quantities of equipment and facilities shall be
evaluated and assessed. \VWhere necessary, spe-
cific trade studies shall be conducted to assure
that optimum quantity requirements are
achieved. Quantity determination can only be
estimated at this time: nevertheless, these gross
estimates are required to aid in determining
program cost and schedule estimates for phase
II and for the period beyvond phase II. As
design becomes more definitive, these initial
estimates shall be adjusted accordingly.




10 Mearch 1966

Block S4. Estimate Quantities of MGE, Main-
tenance Facilities, and AAE. Figure 5 shows a
parallel activity in the maintenance design line
for determining the quantities of the MGE,
maintensnce facilities, and AAE supporting the
maintenance test and the activation modes of
the system. This action is similar to that de-
scribed in block 53 and 15 a predecessor of
hlocks 70 through 73 (maintenance loading)
and blocks 86 and 87 (provisioning). The test
and activation system engineering documenta-
tion shall be nsed as a basis for the svstem allo-
cation document required by exhibit XI,
AFSCM 375-1. These quantity estimates shall
he updated as detail designs become avusiadie.
Block 55. Provide Inputs to Phase IB Final Re-
ports and the Phase Il Proposals. This action
depicts the relatioaship between engineering ac-
tivities and the final report. and the contractor’s
firm proposal for the acquisition phase (phase
II). The phase IB reports and phase II pro-
posals (reference AFSCM 375-4) shall contain
the cumulative results of system engineering.
Inputs to the final report include:

a. Information scquired from trade studies
required to summurize their results.

b. Functional diugrams, schematic diagrams,
RASs, facility interface sheets, facility perspec-
tives, and end-item maintenance sheets describ-
ing the rationale and design approuch selected.

¢. The System Specification and Part I Detail
Specifications emanating from the system en-
gineering documentation.

d. The list of required procedural data based
on information ucquired from the RASs.

e. Technical information necessary for the
prepamtion of the contractor’s phase II pro-
gram managenent plans.

f. The adequucy of the iogistical support plan
for the acquisition phuse.

8- The identification of high-risk areas and
long-lead-time items.

h. Information necessary for the development
of incentive fentures.

i. Estimates of the quantities of equipment,
personnel. and facilities required.

————-——-___—_—T
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3.3 Phase IC:

Block 56. Technical Evaluation end System
Engineering Synthesis.

a. Upon receipt of the contzuctor’'s phase IB
final reports the SPO will (1) evaluate the tech-
nical portions of the tinal reports to determine
whether the svstem detined 1s technically sound:
12) evaluate high-risk areas identified : (3) eval-
uate the final report to determine whether the
contractor has satisfactorily fulfilled technical
tasks of the phuse I3 statement of work: and
14} svnthesize the best features of each contrac-
tor's design approach into an optimum system
within the overall performance. cost. and sched-
1le requirements and proprie. 1- Hialtativas,

b. Engineering synthesis shall be made only
when major deficiencies are in evidence or major
advantages would accrue. During this synthesis
the N PO rwill generate new or revised functional
dingrams. RAR, rrade study reports, schematic
diagrams, time-line sheets. Detail Specifications,
and effectiveness mocels, if the requirements
specified in the final report do not represent the
optimum system or are not conducive to fixed-
price, fixed-price incentive. or cost-plus-incen-
tive-fee contracting.

¢. Evaluation of each final report and phase
11 proposal will determine the technical ade-
quacy of the following documentation in light
of the program requirements baseline:

(1) The updated System Specification,

(2) Functional diagrams and related RAS
and time-line sheets.

(3) Trade study reports. system effective-
nees models (including cost effectivencss data),
and other technical backup data.

(4) Part I Detail Specifications and re-
lated schematic disgrams and facility interface
sheets.

(3) Contracror's phase 11 program man-
agement plans.

(6) End-item maintenance shests and re-
lated maintenance RAS.

d. The Part I Detail Specifications, modi-
fied as a result of evaluation and synthesis, con-
stitute the defined design requirements baseline.

4.0 Acquishion Phase Requirements:

Slock 57. Inputs to Development Contracts.
The products of the definition phase (namely
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the Nystem Specification and the Part I Detail
Specifications. as amended by program redirec-
tion and continct negntintion) serve ns the basic
requirements for the design and development
contract.  Engineering definition continues
throughout the acquisition phinse until the sys-
tem has heen described by Part [T Detail Speci-
tications asd drawings.  \s adilitional derailed
Jdesign information becomes available. changes
10 existing requirements will be necessary. For
example, category I test results may dictate de-
<igm changes and the necessity for further dehi-
nition. .\ line item will b inesludded in the de-
~ign and development vontret to provide for
defining additional MGFE. \\E. and facilities
in order to permit suhsequenr development of
these items. In order 1o assure that design
etforts are constantly (irected roward svstem
requirements during phase 1. it 13 necessary to
apply progressively tighter controls upon the
engineering process. For example. the control
during design and development will be nchieved
by contrncting agninst the Part 1 Detail Speci-
tieations which constiture rhe approved «decign
requirements baseline. The ~teps necessary for
additional definition of e~ign and for con-
trolling design in n svstematic fashion are de-
<cribed in subsequent hlocks.

Block 58. Accomplish Preliminery Detail Design.

a. Dased upon the Svstem Npecification and
the Part [ Derail Specitications. the contracror
shall initiate prelimimnry detail esign. The
etfort may include «eveloping «letnil logic dia-
grams, engineering breadbonrds, mockups. etc..
required to complete preliminary detail design.
The evolving system design will begin to iden-
tify detailed constraints and additional require-
ments applicable to the mainrenance. manufac-
turing, and depot-level definition etfort.

b. Preliminary design for facilities sill initi-
ate engineering effort for the preparation of
Part II Detail Specifications (traditionally
called Facility Construction Contract Plans and
Specifications) in accordance with exhibit III,
AFSCM 373-1. Part II Detail Specifications
for facility elements whicli are not likely to Le
nffected by system change will be prepared first.
with progressive phasing in of Part II Detail
Specifications for higher rick elemients as opern-
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tion and maintenance requirements are vali-

dated.

dlock 59. Conduct Preliminary Design Reviews
(POR) on Operations Equipment /Facilities.

a. Preliminary design reviews (PDR) shall
be conducted by the contrartor on each item of
AVE. OGE. AAF. and facilities in accordance
with the requirements ~pevified in exhibit XIV,
AFSCM 373-1. PDRs shall be conducted for
the purpose of assuring thar the engineering de-
sign approach selected to satisfy the specified
lesign requirements 1~ aceeptable. It is neces-
sary 1o determine . ~pecific «esign approach in
order to proceed with more derailed design.
This may lead 1o tie <vntliesi- of alternative
approaches thal 1nus’ oo shdied and evaluated.
The PDR and its relationship to other reviews
and baseline management is des ribed in chap-
ter +. PDRs are not intended to restrict design
Hexibility. particulariy detail dlesign, but are in-
tended to prevent rundom. uncoordinated
changes.

b. PDRs shall be conducted on related groups
of operations equipment and facilities in order
to insure direction of follow-on detail design
toward meeting established design requirements.
Tt will be recalled that the Part I Detail Speci-
fications, against which the design and develop-
ment contract was negotiated. formed the de-
sign requirements baseline. Changes to the
requirements contained therein are subject to
contract negotiation and change. Therefore,
engineering etforts directed outside the purview
of existing requirements in Part I Detail Speci-
fications are without contract reference.

c. Since the design of operations equipment
and facilities determines the requirements for
maintenance equipment and facilities, it is es-
sential that an operations design approach be
established prior to the initiation of detail msin-
tenance design and detailed test and activation
design. Therefore. 2 PDP on operations
equipment/facilitics must be conducted before
the commencement of detail design for mainte-
nance, test. and nctivation equipment. The
PDR should include consideration of the main-
tenance concepts resulting from blocks 32
through 43. PDRs shall be conducted on an
incremental basis. Each review shall be an
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integrated review encompassing all design engi-
neering areas and technical disciplines having
an input to the CEI design. Separate formal
design reviews shall not be conducted to deter-
mine adequacy of s particular design engineer-
ing area (e.g.. electrical or mechanical) or tech-
nical discipline (e.g.. effectiveness. reliability,
maintainability. safety, or human engineering).
Action items resulting from PDRs shall be
covered contractually and will be binding upon
PDR participants. Schedules and the tech-
nical agends for the PDRs shall be established
by the contractor subject to approval by the
SPO. The SPO may elect, however, to par-
ticipate in formulation of the agenda and PDRs
on high-risk or complex designs. Attendance
at PDRs by the SPO or the designated AFCMD
representative will be at the option of the SPO.

d. PDRs shall be conducted on facilities end
critica] RPIE subsysiems, by the AFSC di-
vision civil engineering activity to review the
preliminary design effort to verify compati-
bility of the preliminary design approach wiih
Part I Detail Specifications. This will include
reviews of the facility support elements (main-
tenance data, personnel, etc.) developed to date
and changes resulting from updated mainte-
nance requirements. TSRP and critical RPIE
subsystems design should be approximately 50
percent complete hefore these reviews are held.
Industrial facility and NSRP design should be
approximately 70 percent complete before
PDRs are conducted. Though the data for
facility design are greatly dependent on the
development of octher system elements, construc-
tion leadtimes often force early freesing of
facility requirements and, therefore, influence
the phasing of facility PDRs with respect to
the rest of the system. Nevertheless, the basic
function of the FDR for facility CEls is the
same as for other CEIs.

Bleck 60. Velidate Operations Equipment/Fe-
cilities Part | Detail Specifications.

a. The contractor shall incorporate the results
of the PDR into the appropriate AVE, OGE,
AAE, and facility Part I Detail Specifications.
The PDR determined that the design approach
was feasible and sound from a design, develop-
ment, test, and activation view and that the per-
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formance/design requirements specified in Part
I Detail Specifications can be effectively met.
PDRs therefore, serve to validate the Part I
Detail Specifications of the equipment/
facilities.

b. Changes to Part I Detail Specifications re-
quired as the result of PDR actions shall be
mnde using «esign requiremen's ECPs in ac-
cordance with eshibit IX. AF=CM 373-1.

Block 61. |Initicle Detail Design of Operations
Equipment /Fecilities.

a. The detail desien effort transitions from
the definition of detail requirements to the defi-
nition of derail design solutions. While detail
design may have been accompiisliei! to varving
degrees during the conceptual and definition
phases, the major detail design edort will not
have started until »frer the design requirements
baseline for the system has been approved. The
subsequent completion of PDRs results in an
approved design approach and establishes a
firm foundation for detail design. The result
of a PDR influences continuance of detail de-
sign in accordance with the approved design
approach. With the advent of detail design,
engineering documentation begins to evolve as
detail drawings, interface control drawings, and
Part IT Detail Specifications for the operations
equipment/facilities. The documentation rep-
resents a further detailing of the design ap-
proach validated as a result of PDR.

b. In the case of computer programs, the de-
tailing of the design approach consists of (1)
detail descriptions of individual computer pro-
grams or program packages according to input/
outputs and functional requirements: (2) de-
tail descriptions of program sequencing, timing,
mode of operstion, and storage allocation re-
quirements: (3) specificatior of interprogram
communication requirements and executive
control features for the computer programs:
and (4) specification of limits and tolerances,
and the translation into datn base storage re.
quirements, the data base element character-
istics, and computer program accuracy
requirements.

¢. Control of detail drawings shall be exer-
cised by means of the contractor’s engineering
release system ( reference exhibit XII, AFSCM
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373-1). SPO control of design requirements
will be exercised using Part I Deteil Specifica-
tions. Rigid drawing and Part IT Detail Speci-
fications control will not be enforced until after
FACIin order to provide for flegibility in detail
design.

Block 62. Perform Trode-OF Studies (Mainte-
nence Elements of the System). The contractor
zhall identify and rconduct trade studies of
maintenance, test, and activation requirements
to determine detail requirements imposed by
the AVE or OGE. MGE. and A\E selected
during phase IB. Typical ~ubjects for study
include levels of maintenance. quantity of
equipment, estimated range and depth of re-
quired spares and spare parts. facility utiliza-
tion, test and activation equipment, and total
predicted costs. Since there are detail mainte-
nance considerations which hare extensive im-
pacts on the total svstem such as downtime,
costs, and in-commission rates. these detail main.
tenance areas shall be handled in the same sys-
tematic manner as were the major operations
and maintenance trade studies conducted earlier.
The trade studies shall be documented as re-
quired by attachment 1. The performance
of trade study effort requiring a change in fund-
ing of the phase IT contract shall be subject to
negotiation.

Block 63. Develap Detoil Mointenance Func-
tions.

a. Sufficient preliminary design on AVE or
OGE, MGE, AAE, and critical RPIE subsys-
tems will have been accomplished to allow more
detailed analyses of maintenance requirements.
The next series of blocks ( blocks 63 through 67)
depicts the areas of revising and detailing of
maintenance requirements.

b. The contractor shall identify maintenance
functions which must be performed on previ.
ously selected MGE and related AAE using end-
item maintenance sheets. This action is similar
to that described in block 32. and includes the
expansion of end-item maintenance sheets previ-
ously prepared for AVE, OGE, AAE, and
critical RPIE subsystems. Maintenance func-
tions shall be indentured down to the lowest
reparsble nonstandard component for each
CEL
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c. Analysis of maintenance requirements for
critical RPIE subsystems procured under the
MCP will be limited to the lesel of hardware
detail contained in the Part IT Detail Specifica-
tions and supporting drawings (reference
block 38). \Where detailed equipment selection
or design is laft to the option nf the construc-
tion contracror, the derailed analysis of mainte-
nance requirements to the component level will
be delaved until component selection is made
and design documented.

d. Sufficient information will he available to
determine the rrequirements for depot-level
maintenance. The following paragraphs shall
apply for determining depot-level maintenance
requirements:

(1) The contractor shall review and eval-
unte production support plans for the purpose
of insuring the maximum continued utilization
of production equipment for depot-level
maintenance. Contractor production tooling
shall be evaluated for possible application to
depot maintenance. Whenever a depot func-
tion is identical to a function performed by the
contractor in production. the production equip-
ment shall be recommended for use by the
depot.

(2) The SPO will identify the CEIs which
the contraztor is to analvze for depot-level
maintenance requirements.

(3) The identified CEIs shall be analyzed
to the indenture level required to determine
special repair activities (SRA) reparable items.
and the depot tooling and test equipment re-
quired to perform SRA repair functions. Pe-
culiar depot tooling and test equipment shsll be
analyzed to the level required to identify sny
peculiar maintenance equipment and all csli-
bration requirements. Nonreparnsble parts
shall not be identified in the end-item masinte-
nance sheets. Guidelines for the determins-
tion of reparable items are presented in
AFSCM 65-2/AFLCM 65-3. For SRA, depot
tooling, and test equipment functions, end-item
maintenance sheets shall be completed. In pre-
paring related RAS, the contrnctor is not re-
quired to complete the “Facility Requirements™
column or the “Personnel and training equip-
ment requirements” column, with the exception
of the “Time required” subcolumn. Entries in




10 March 1966

the “Time required "subcolumn shall be the time
required on test equipment to fault isolate and
verify repair.

(4) Asdepot tooling and test equipment is
identified, end-item design sheets shall be pre-
pared. In addition to the performance, design,
and test requirements, each design sheet shall
contain a list of the basic part numbers of all
reparable items to be maintained by the recom-
mended end item. Subsequent to review and
approval of the end item, the contractor shall
incorporate the design sheet in a Part I Detail
Specification. Inventory equipment require-
ments shall be prepared for the depot tooling
and test equipment items available in the DOD
inventory and the SPO will determine avail-
ability of the items. CEI Identification Speci-
fications shall be prepared for those items that
are simple in function and design.

Block 64. Develop Detail Design Requirements
for Maintenance Functions. The contractor shall
develop design requirements for the detail
maintenance functions using RAS as explained
in block 33. The contractor shall revise pre-
viously established design requirements appear-
ing or the RAS to assure that the most current
preliminary design information has been re-
corded. For example, in the establishment of
functions and design requirements for lower
level items. it may be determined that a lower
indenture item can perform the function pre-
viously allocated to a higher indenture item.
Appropriate adjustment and changes shall be
made to reflect engineering decisions of this
type. Additional information shall be added
to the RAS to define in detail previously deter-
mined design requirements.

Block 63. Develop Detail Design Requirements
for Maintanence End ltems.

. The contrector shall identify changes to
previously selected MGE and determine addi-
tional MGE and AAE required to satisfy the
detsil design requirements appearing on the
RAS. This action is similar to that discussed
in block 38. The difference is that the equip-
ment being identified at this point is the MGE
and AAF required in support of the MGE and
AAE selected at block 38. Since the detsiled
definition represented by this block is con-
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strained by the development of preliminary de-
tail design information, it could not have been
accomplished during the definition phase
Therefore, the indenturing to be accomplished
represents contractually the detailing of exist-
ing requirements rather than the identification
of new requirements. For esample, the design
and development contract will have previously
scoped the effort required to define the new
items identified. The design sheet shall be used
to document engineering requirements for the
additional CEIs. These design sheets become
sections 3 and 4 of the Part I Detail Specifica-
tions to be placed on contract for the develop-
ment of thess additional CEIs. Where inven-
0ry equipinent meels estav.ished requirements,
the Inventory Equipment Requirement Speci-
fication shall be used.

b. Development of detail design requirements
for MGE to support RPIE may be delayed un-
til the conclusion of the competitive equipment
‘procurement under the MCP. It is necessary
for FSE and the construction agency to identify
these requirements as early as possible in the
construction cycle to insure availability of long-
lead MGE at facility acceptance. The proce-
dure used to identify MGE to support MGE
shall be followed for identifving MGE 1o sup-
port RPIE. This will assure that MGE for
RPIE is compatible with total system physical
and support requirements. that it is not dupli-
cating other MGE in the system: and that main-
tenance and calibration implications of the
MGE are considered.

Slock 66. Develop Detail Maintenance Require-
ments for Facilities.

. Since preliminary design efforts will have
established such specific equipment design pa-
rameters as tolerances, sizes, and power require-
ments, detail maintenance facility requirements
can now be developed. The contractor shall de-
termine required changes to previously defined
facilities resulting from preliminary design
changes to existing MGE and A4 E and identi-
fication of additional MGE. The step is neces-
sary to assure that previously selected facilities
can still accommodate the equipment and that
power, environmental, etc., interfaces have been
considered. Changes in facility requirements
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shall be made to RAS, facility interface sheets,
design sheets, rnd facility perspectives as re-
quired by block 39.

b. At this point the total facility design will
have progressed well t:oward completion, includ-
ing those maintenance elements that are integral
with operations facilities, such as work plat-
forms in silos, organizational maintenance nreas
or shops. and utility services for portahle MGE.
It will. therefore, be necessary tn evaluate pro-
posed facility changes resuiting from this de-
tailing and to trade off the design impact of the
change against the constraint of rhe existing
facility design completion.

Block 67. Develoo Detail Requirements for
Maintenance Personnel and Training.

a. As a part of the detailed definition, the
contractor shall determine the impact of pre-
liminary design changes and additions to per-
sonnel and training requirements | see block 40).
The basic tool to be employed shall be the RAS.
As design requirements are changed, changes to
personnel and training requirements shall be de-
termined in terms of personnel tasks to be per-
formed, performance times required. training
equipment required, and changes to procedural
data requirements. The initial QQPRI and
TEPI shall be further detailed. if necessary, to
reflect the results of additional preliminary
design.

b. While the above nctions 1 blocks 62-687) are
shown as separate steps, they are accomplished
on a concurrent basis. .\ continuous balance
must be maintained between the requirements
imposed by all elements of the system within the
constraints of time, performance, and coet.
When equipment requirements impose heavy
demands upon personnel and trnining, an alter-
native equipment solution should be sought.
When facilities constrain equipment design.
alternativs possibilities inust be considered.
Block 68. Select Additional MGE, AAE, end
Maintenance Facilities. The contractor shall se-
lect additional MGE, AAE, and maintenance
facilities to complete the list of maintenance
equipment required to support operations, main-
tenance, test, and activation functions. Nor-
mally, any new maintcnance facilities identified
will be depot-level maintenance or other special-
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purpose maintenance facilities that can be de-
signed and constructed independently from
previously identified integrated operation and
maintenance facilities. The equipment and
facilities selected shall be recorded in the CEI
list required in the System Specification. The
requirement to develop additional equipment
and facilities will he incorpornted into the
development contract.

Block 69. System Requirements Review. The
SPO will review additional selection of main-
tenance elements resulting from blocks 62
through 67. The SPO will take action to con-
tract for the development of these additional
CEIs. using the Part I Detail Specifications.
Where inventory equipment has been ident:fied.
the SPO shall determine the availability of the
item. As described in chapter 4. this review is
conducted to approve the establishment of any
additional maintenance design requirements,
including facilities. System and CEI effective-
neas requirements shall be updated by use of the
data developed in blocks 62 through 67. The
review to be made is similar to that described
in block 43.

8lock 70. Perform Maintenance Loading Trade-
OFf Studies.

a. The actions described in blocks 70, 71, and
2 are accomplished concurrentlv. The con-
tractor shall perform the trade studies necessary
to determine the combination of equipment,
spares, and personnel required to effectively
maintain the system.

b. In deriving information necessary to
*maintenance load” the system, it will be neces-
sary to conduct cost-effectiveness trade studies.
Maintenance loading analysis provides an ana-
lytical means to determine the quantities of
maintenance equipment, spares, and personnel
and to examine plausible combinations in ar-
riving at a best fit. Trade studies may be re-
quired to establish the basic ground rules neces-
sary for conducting 1naintenance loading
analysis. Examples of basic ground rules may
be “Londing will be accomplished on a single
failure basis.” or .\ CEI is in a maintenance
mode from tl:e point of malfunction indication
until the unit returns to the supply bin.”
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Block 71. Correlate MGE, Personnel, and Spores
to Maintenance Funclions.

a. Sufficient information should notw be avail-
able to assess the impact that design has on the
quantity of MGE, personnel, and spares re-
quired to maintain the system. The contractor
shall assure that the design identified will result
in attainable maintenance requirements: i.e..
that the quantities of equipment and personne}
required to maintain the system are not exces-
sive.

h. To determine the impact of design on the
quantity of equipment, personnel. and spares
required to maintain the system, it is necessary
to correlate the required MGE. personnel. and
spares with the maintenance functions. The
documentation to record these correlations is
suggested in attnchment 1.

. Inputs to the maintenance loading analysis
include information appearing on time-line
sheets, end-item maintenance sheets, RASs, and
Part I Detail Specifications. Other inputs
necessary include information derived from
the Maintenance Plan, System Specification.
and other documents listed as source documen-
tation (block 20). For example, such factors
as the number of days deployed before units re-
turn for preventive maintenance, the number of
units to be deployed concurrently, the hours of
work per person, and equipment availability
must be considered.

Biock 72. Determine Totcl MGE and Mainte-
nonce Personnel Required by Location.

8. The correlation of MGE, personnel, and
spares to maintenance functions, including the
effect of queuing, permits the determination of
the utilization frequencies of MGE by mainte-
nance location and the quantity of MGE re-
quired to support a given force structure. A
suggested way to document this dsta in sum-
mary form is described in attachment 1.

b. The contractor shall develop personnel and
equipment utilization data to evaluate the im-
pact of system design on maintenance require-
ments and to determine production requirement
and training loads. For example, the person-
nel utilization data shall be used as & guide for
structuring crews or teams when used with
derived time-line data. The information pro-
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vides the necessary data for evaluating the im-
pact of design changes. For example, when
the reliability of the system changes there will
be an effect on the quantity of equipment and
personnel required to maintain a constant in-
commission rate.

Block 73. Revise Quantity Estimates of Equip-
ment end Personnel. Utilizing the data derived
from blocks 70. T1. and 72, the contractor shall
revise the quantity estimates determined in
blocks 33 and 54. Quantity and location in-
formation inputs shall be made to the system
allocation docunient required by exhibit X1,
AFSCM 373-1: the QQPRI document for
quantities of personnel: and TEPI for trmin-
ILZ equipment requiremencs.

Block 74. System Requirements Review. The
SPO will review the information acquired from
the activities prescribed by blocks 70 through
v3. The specific task will be to evaluate the
impact of design on maintenance requirements
determined as the result of the maintenance
loading actions. Since considerable detailed
information concerning equipment and person-
nel quantity requirements is now cvailable, the
effectiveness of the planned use of equipment
personnel and facilities can be assessed. The
maintenance loading analvsis data will be re-
viewed, as well as the updated quantity esti-
mates. .As in the case of other SPO reviews.
previous review actions will be followed up.
This review action provides the hasis for tech-
nical direction required.

Block 75. Continve Preparing Arrcngement,
Envelope, Conetruction, Plan, and Interface Con-
trol Drawings.

a. The detail design initiated at block 61 may
require development of arrangement, envelope,
construction, or plan drawings. Arrangement
drawings show any projection or perspective of
items with or without controlling dimensions
to indicate their relationship. Envelope draw.
inge show outline, overall and mounting dimen-
sions. and other dimensions and data necessary
to disclose mechanical, electrical, functional.
and physical interchangeability of items. Con-
struction drawings illustrete the design of build-
ings, structures, and related construction, indi-
vidually or in groups. and include pertinent
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services, equipment utilities, and any other engn-
neering features required 1o establish the inter-
related elements of the design. Construction
drawings present design information by pic-
torial plans, elevations. sections. and detsils.
Maps. perspectives. and site plnns are not to be
construed as construction drawings. Plan
drawings depict foundation framing, floor, or
roof plans. .\ plan drawing 1ndicates the
~hapes. sizes. and materials of foundations, their
relation to the superstructure. and their eleva-
tion with reference to a tixed datum plane. loca-
tion of walls. partitions, bulkheads. structures.
companionwavs, columns, stairs, ventilators,
shape and size of roof. etc. These drawings
shall be prepared in accordance with MIL~D-
70327 and MIL-STD-7.

b. Construction and plan draswings are typi-
cal of those prepared in support of facility
design for inclusion in Part 11 Detail Speci-
fications, formerly called “Fucility Construe-
tion Contract Plans and Specifications”
(reference exhibit TII, AFSCM 373-1).
wherens arrangement- and envelope-type draw-
ings are prepared in support of detail design
of hardware. These drawings are representa-
tive of the type that are to be prepared to
document the progress of the detail design be-
tween the PDR and critical desiem reviews
(CDR). .Applicable detail design drawings
shall be available for use in CDRs. Some of
these drawings will have heeir prepured in pre-
itminary and sketch form during the latter
part of the definition phase and prior to the
PDR and are now made more definitive.

¢. Sufficient detail design information such
as schematic dingrams, is available to prepare
interface control drawings, which are to be
controlled as specified in AFSCM 375-1. In-
terface control drawings are used to define and
portray physical interfuces between equipment
being designed or procured by different con-
tractors, to define interface design responsibili-
ties within a contractor organization, and, in
the case of facilities, to supplement the facility
interface sheet. These drawings are actually
prepared as interface responsibilities are de-
fined. Some of these responsibilities may have
been defined during the definition phase. par-
ticularly in the case of facility interfaces.
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Interface control drawings siall be available
for use in CDRs and hecome part of Part I De-
tail Specifications. Interface control drawings
are not used for production.

Block 76. Continve Preparing Assembly, Instal-
lation, and Diagram Drawings.

a. With more detail desten accomplished,
detail drawings, <uch as azsembly. installation,
and diagram. shall be «developed. Some of
these drawings may l:ave heen prepared earlier
and are not necessarily complete at this point.
They form the basiz for production drasings.

b. Assembly drawings depict the assembled
relationship of two or more items or groups of
items and assemblies. or a1 uronp of sub-
assemblies required to maxe up an assembly.

c. An installation drawing shows general
configuration. attaching hardware. and infor-
mation to locate, position, and mount an item
relative to fixed points and other items. An
installation control drawing sets forth dimen-
sional information. clearances, and cable attach-
ments required to install an item to other items.

d. Diagram drawings are detailed schematics
of electrical and electronic circuits and fluid
mechanics piping/valving diagrams. These
detail diagram drascings are to be derived from
schematic diagrams and cerail design. The
detailed schematics shall indicate all interfaces,
piping. vnlves. controls. wiring. terminal, re-
lays., and other components omprising the
CEI in their operating relationships. Circuits
shall be depicted on an end-to-end basis. For
example, one functicn of the launch control
subsystem might be “transfer from ground
power to aerospace vehicle power™: the detail
schematic would indicate the circuit from the
initiating control switch through all of the
wiring internal to racks, consoles, and cables,
through the aerospace vehicle wiring to the
activating motor-driven switch/relay (which
transfers the power) and back through the sys-
tem to the indicator which shows that the
function was performed. .\l wires, terminals,
connector/conductor pins, relays. indicators,
and/or switches used in this circuit would be
included in the schematic.

e. These drawings are representative of the
type that are prepared 1o document the prog-
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ress (. the detail design. Each system will
dictate th2 type of detail drawings required.
Applicable detail design drawings shall be
available for use in CDRs. Engineering pro-
duction drawings shall be prepared in accord-
ance with MIL-D-70327 and the types of draw-
ings shal] be in conformance with MIL-STD-7.

8'ack 77. Conduct PDRs
Equipment [Facilities.

on Maintenance

a. In light of the design upproach estab-
lished during the PDRs on operations equip-
ment and facilities, the contractor shall develop
an engineering approach to the detail design of
MGE. maintenance, test, and activation facili-
ties and AAE. PDRs shall be conducted te
review the design approach for meaintenance
equipment and facilities. as described in chapter
4 of this manual, and specifiec; in exhibit XIV.
AFSCM 375-1. The objectives of PDRs are
10 assure that (1) the design requirements base-
line approved, established, a ' coniracted
against at the end of the definition phase can
he achieved. (2) the engineering desigm ap-
proach tuken by the contractor is technicaliy
feasible and sound. and (3) the detail design
can commence (o implement the design ap-
proach. Action items resulting from PDRs
shal' be covered contractually and hinding
upon PDR participants. Changes to the de-
-iZn r2quirements baseline established by the
Part 1 Datail Specifications shall be made using
rlesign requ rement ECPs in nccordance with
exhibit IX, AFSCM 375-1.

b. Changes to system engineering documen-
tativn shal) be made to reflect changes to design
and test requirements, design approach, func-
tional requirements, facility requirements,
training and training equipment requirements.
personnel tacks, and procedural data require-
ments. Schedules for PDRs shail be estab-
lished by the contractor subject to approval by
the SPO.

c. For maintenance facilitics, PDRs %ill es-
tablish that the maintenance facility require-
ments updated in blocks 62 through 73 are still
compatible with facility design accomplished
in blocks 58 and 61 or that design requirements
ECP¢ have been initiated and approved to meet
updated facility requirements. PDRs shall be
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conducted as described in block 52 of new spe-
cial maintcnance facilities selected in block 88.
Block 78. Validate Maintenance Equipment/
Facilities Part | Detail $pecifications. The PDRs
conducted on maintenance facilities will have
determined that the design approach for these
items is feasible and sound from a design, de-
velopment, test, and activation view and that,
therefore, the Part I Derail Specification is
valid. Changes inade to the contracted design/
pe-formance requirements during the PDR
zhall be reflected in Part 1 T2ail Specifications
using design requirements ECPs.

Block 79. Initiate Detail Design of Maintenence
Equipment/Facilities. This action is similar to
that specified in block vl, the items to be de-
signed in detail are maintenance items; i.e.,
MGE, maintenance facilicies, and AAE. As
stated in block 63, explicit design or identifica-
tion of MGE to support RPIE may be delayed
until the RPIE to be maintained is specifically
identified by the construction contractor.
Block 80. Continue Preparing Arrangement,
Envelops, Lonstruction, Plan, and Interface Con-
trol Drawings. This action is similar to that
specified in block 73, except that the drawings
describe the CEIs and facilities required for
the maintenance of the system.

Block 81. Continue Preparing Assembly, Instal-
fation, ond Diagram Drowings. This action is
similar to that specified in block 78 with the
exception that these detail drawings relate to
the maintenance of the system.

Block 82. Expand Category | Test Requirements.

s. The following category I test program ef-
forts have been completed :

(1) Category I test concept identified in
PTDP was implemented on test functional dia-
grams and related RAS (reference blocks 3 and
4) which provided inputs to the category I test
plan (reference AFR 80--14 and AFSCM 25—
1).

(2) Category 1 system and subsystem test
requirements were developed (reference blocks
10, 17, 31, and 51) aud documented in the Sys-
tem Specification.

(3) CEI category I test requirements were
develoned on design sheets which becameo sec-
tions + -.1d 4 of Part I Detail Specifications.
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(#) Category I test sequences were de-
veloped using functional diagrams and time line
sheets and documented in the category I test
plan.

(3) Category I test equipment and facili-
ties requirements were developed using sche-
matic diagrams and design sheets (reference
blocks 33, 41. 47, and 48).

18) "ategory I test personnel requirements
were developed using RAS (reference blocks 40
and 49).

h. Using the detail design developed. the con-
rractor shall espand the test requirements iden-
tified earlier and outlined above. These test
requirements shall be the only basis for the
preparation of category I test proceduers.

Block 83. Review Category | Test Procedures.
Test procedures shall be reviewed on the basis
of system engineering documentation, specifica-
tions. and detaii design data. The reviews shall
be selective and shall primarily concern the cate-
gory [ test procedures for the system: and major
subsystems and CEIs. This review shall assure
that the category [ test requirements can be
vtfectively implemented.

Black 84. Support Cotegory | Tests. Engineer-
ing support of category I test shall include (1)
test result evaluation and (2) the identification
and resolution of problem areas. Test result
evaluation shall utilize rthe system engineering
process, ne System Specitication. Part I Detail
Specifications, and detail design data to assure
that compliance with performance and design
requirements has been successfully demon-
strated. This process shall be applied in resolv-
ing technical problem areas arising from the
test including definition and justification of
required changes.

NOTE: Iterations of System Engineering
Process During Detail Design. Figure 5 iden-
tifies iterntions of the system engineering process
during detail design. Since successive itera-
tions or repetitions of the process will follow the
sume logic as the initinl sequence of activities.
each repetition resulting from the progression
of detail design is not shown. It is not possible
to predict the specific nnture and depth of the
iteration required for all systems. To portray
all feedbacks and loops for every engineering
decision is not practical, Consequently, a break
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in the flow is shown to indizate that there is a
continued requirement for repeating the process
to reflect changes to engineering decisions as
detail design progresses. Iterations will accom-
modate differences in time phasing of system
elements; e.g., facilities will pace the elements
they are supporting because of long construction
lead times, and facility procurement under the
MCP makes it necessary to perform final iden-
tification of facility ('Els late in rhe construc-
tion period.

Block 8S5.
Summaries.

2. The SPO may elect to presare calibration
requirements summsarnes (CRS:) utilizing in-
house Air Force resources or may direct them
to be prepared by the contractor. When di-
rected contractually, the contractor shall pre-
pare CRSs for evaluating existing or establish-
ing new calibration. certificution. and measuring
standards for AVE, OGE. MGE, AAE, and
facility equipment at organization, field. and
depot levels of maintenance. The data in Part
I Detail Specifications and RAS provide the
input/output parameters requiring calibration,
certification, and measuring. The FSE will
identify calibration requirements for critical
RPIE subsystems. If the equipment requiring
calibration is to be procured by competitive bid-
ding under the MCP, identification of specific
parameter values may be delayed until selection
of specific equipment during construction. In
this case, the CRS wil]l be completed by subse-
quent iteration.

b. Calibration, certification. and measuring
requirements shall be determined during the
system engineering process. A CRS should be
developed and produced in two phases. The
contrector’s obligations for both phases should
be covered in one contract.

(1) The first phase would cover the cali-
bration requirements from the start of CEI
determination through category II testing.
These calibration requirements would be con.
solidated by the contractor and are those which
are to be complied with by contractors.

(2) The second phase would cover the
calibration requirements determined during
category II testing and through the opersational
pnase. These cclibration requirements would

Prepare Colibrotion Xequirements
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be consolidated by the contractor with assistance
from the SPO and the using command, and are
those which are to be complied with by AF
operations and maintenance personnel. Phase
II calibration requirements wonld reflect the
experiences gained during the eariy portion of
the operational phase.

¢. The calibrations workload and out-of-
commission time are significant factors that
must be reviewed during the detail design proc-
263 to assure that the total system can be effi-
ciently maintained. The end-item maintenance
sheets shall be examined to establish an estimate
of time, manpower, skills, and equipment re-
quired for calibration.

d. The CRS shall provide a 4-part summary
outlining the design requirements for measure-
ment of parumerers at each echelon of measure-
ment. The summary provides for displaying
the parameters of each item of the system to be
measured or calibrated. The CRS shall indi-
cate the mnges and nccurncies of the parameters
to be measured by each specific device compris-
ing the chain of equipment from the operations
requirement to the base standards laboratory.
CRSs shall summarize test equipment require-
ments in both kind and quantity and thereby
assure that all parameters to be measured ure
considered and satistied and that the potential
workload of a base precision measurement
equipment laboratory «PMEL) can be ap-
praised.

e. It is not intended 1o prvide calibration
capability at local base PMEL level to calibrate
all working standards. Where it is not eco-
nomical to provide this capability, the items will
be exchanged. If the working standards are the
property of the squadron (category III), the
base PMEL (category IV) will be responsible
to have a calibrated exchange item on hand at
the correct time for exchange. Examples of
such items are clead-weight testers and stand-
ard cells.

t. Summaries for more than one type of equip-
ment or parnmeters muy he contained on one
page. Similar types of parameters (category
1) should be grouped on successive pages; how-
ever, it is not desired that data be held until
& large number of similar summaries can be
accumulated. Data pmovided by subcontractors
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or associate contractors shall be segregated in
separate sections of tl:: CRS,

g. The calibration requirements information
shall be prepared ii. the format specified in
attachment 1. The CRSs shall be revised when
corrections or revisions to the Detail Specifica-
tions or other detail desizm engineering docu-
mentation retlect a design change in parametric
values or meuans of measurement.

h. Calibration requirements developed for the
purpose of controlling the accuracy of the con-
tractors’ measuring and test equipment shall be
developed i aeceordance with MIL-C—$5662A
and MIL-Q-933<\. U'nless otherwise speci-
tied. CRSs shall be initiated at this point and
submitied to tne ~I'0) after tie UDRe.

Block 66. Prepare Part Il Detail Specifications.

The contractor shall prepare Part II Detail
Specifications for equipment and facilities.

“Part IT Derail =pecifications shall contain ref-

erence to un approved top dre.wing for the CEI
and shall be prepared in accordance with ex-
hibits II, III. IV, and VI. AFSCM 375-1.
This block does not represent the initiation of
engineering and detail design required to for-
mulate the Part I1 Detsil Specification, but it
does represent the start of formal decumenta-
tion of the engineering and detail design. The
translation of design into hardware must be
constantly assessed within the design require-
inents and design approach established by Part
I Detail Specifications. Emphasis on the “build
to” documentation (i.e.. Part II Detail Specifi-
cation) is necessary to assure that the delivered
product matches the requirements agsinst which
the product is to be delivered and sccepted.

Block 7. Determine AVE, OGE, AAE, and MGE
Quantities Required. '

n. System engineering documcntation estab-
lishes and maintains continuity between engi-
neering and provisioning. The contractor, with
approval from the SPO and SSM, shall estab-
lish final irm quantity requirements for AVE,
OGE., MGE, and AAE. The contractor shall
base CEI quantity determination on the system
engineering documentation and quantity esti-
mates made earlier. The required CEIs for
test, activation, and the operational inventory
shall be procured agsinst Part IT Detail Speci-
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fications in sufficient time to insure availability
when needed.

b. MGE quantity requirements for test, acti-
vation, and the operntional inventory shall be
determined ns described in AFPI 71-650. The
establishment of firm quantities of MGE shall
be based on the system engineering documenta-
tion. particularly end-irem manintenance sheets.

Block 88. Provide Engineering Inputs to the
Selection and Acquisition of Spare Ports.

a. The purpose of this action is to provide
engineering inputs to rhe selection and acquisi-
tion of the quantities of spures required to sup-
port 1&C and category II tests. In order to
assure that spares selection is compnatible with
the requirements of the system. the results of
the svstem engineering effort shall be used as
the foundation for the selection and identifica-
tion of spares quantities required. Mnjor inputs
ta thix action shall he the data provided on the
maintenance londing sheets. This latter infor-
mation shall form the basis for spares provi-
sioning action for the aperntional inventory ns
required later in the program by AFPI 71-473.

b. Operational program spare parts for AVE.
OGE. MGE. and AAE shall be selected and
acquired as set forth in AFPI 71-873. The
svstem engineering documentation establishing
the detail maintenance requirements shall be
used as the basic source of information in select-
ing spare parts. Npares shall be selected on an
incremental basis as the required information
becomes available.

c. Spares for RPIE will be provisioned as
outlined in AFR 400—41. FSE shall assure
that adequate, realistic recommended spare
parts lists are developed from meintenance con-
cept, facility Detail Specifications, vendor dats,
and maintenance data for delivery as required
by AFR 400—41. The selection of RPIE spares
may be delayed until the award of facility con-
struction contracts (block 94) and the subse-
quent updating and expansion of detail facility
engineering and support data.

Block 89. Define Acceptance Test/Verificotion
Requirements.

a. Acceptance testing, I&C, and category 11
testing have similarities of purpose and phasing
in system acquisition. In order to avoid un-
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necessary test duplication and to permit the
selection of optimum test requirements in view
of the total planned test program, the definition
of all test requirements shall be coordinated as
one action. In defining test requirements, em-
phasis shall be directed toward assuring that
(1) major CEIs and subsystem functional in-
terfaces nre verified: (2) operations equipment
and MGE. rather than special eqnipment ex-
clusively for 1&C or testing, are used to the
maximuwn extent possible: (3) the I&C require-
ments which are an integral part of testing ap-
proximate the operations environment: and (4)
the system is opernble and maintainable in the
operations enviroiument.

b. CEI acceptance test. verification require-
ments shall be developed by the contractor for
inclusion in section + of Part II Detail Speci-
fications. The test/verification requirements
shall be limited to those necessary to demon-
strate compliance with the section 3 require-
ments. The contractor shall define detail test
functions and test equipment, personnel, and
facilities necessary to implement the acceptance
test/verification requirements,

c. Acceptance tests of a CEI may be made on
an incremental basis: i.e.. testing of a sub-
assembly may be required prior to its incorpora-
tion into the next higher assembly. Acceptance
testing may or may not be concurrent with cate-
gory I and category I1 testing.

Block 90. Define Installation and Checkout Re-
quirements. The general requirements for I&C
of the system contained in the System Specifi-
cation shall be amplified and made more defini-
tive. The appropriate activation functional
diagrams, RAS, time lines, schematic dingrams,
and Part IT Detail Specifications shall be ex-
panded or initiated to nssure identification of
the functional requirements and the attendant
equipment, personnel, and facility require.
ments. Activation functions may include (1)
equipment handling, stornge, and installation
nt the use site and (2) equipment post-installa-
tion verification tests.

Block 91,
mants.

Expond Cotegory Il Test Require-

n. Category Il test program requirements
shall be further defined by the contractor to (1)
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expand the previously developed category II
test requirements in the System Specification:
12) expand and integrate the CEI test require-
ments deferred to category II testing by the
Part I Detail Specifications; (3) define the spe-
eific eategory II test functional requirements
and rvelated test equipment. facilities. and per-
sonnel requirements. Rince this effort will in-
clude formal demonstration tests preparatory
to turnover of the svstem to tlie using agency, it
necessitates developing test requirements which
make maximum use of uzing agency operarions
and naintenance personnel and of final opera-
rions and maintenance procedural data. For
definitions and objectives of caregory II test,
refer to AFR a0-14.

b. Category I1 tests assure that the system,
subsystem. and CEI qualification testing has
been satisfactorily completed and that mini-
wum  acceptable reliability. maintainability.
safety. and other system effectiveness require-
ments have been successfully demonstrated
prior to the turnover to the using agency.

. The resulting acceptance test. 1&C, und
entegory 11 test requirements and the test re-
quirement/facility detail design data shall be
utilized for the preparation of detailed test
procedures, I&C procedures. and the using
agency turnover plan.

Block 92.—~Conduct Critical Design Review (CDR)
on Operations and Mainlenance Equipment/
Facilities.

a. The contractor shall conduct CDR on the
operations and maintenance equipment/facil-
ities. CDRs may or may not be attended by the
SPO or the designated development engineer-
ing representative depending on the reeults of
PDRs, the detail design efforts, and the com-
plexity of the CEI. The schedule of CDRs
shall be established by the contractor subject
to approval by the SPO. CDRs for facilities
will consist of the traditional final design re-
viev of the facility detail design and will be
conducted by the appropriate AFSC division
civil engineering activity. This review will re-
sult in completion of part II of the Facility CEI
Specifications {Llock 93) and their issue as “bid
packages” to the appropriate construction
agency.

n
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h. These reviews are conducted on an incre-
mental basis to insure acceptability of the detail
design accomplished since the PDRs. The
detail design presented on draswings. schematics,
and mockups or actual hardware shall be re-
viewed agninst the design requirements and de-
sign approach in the Part I Detail Specification.
Tlie objective is to determine whether the rec-
ommended detail design =olution =atisfies the
desiym requirements and basic approach estab-
lished by Part 1 Detail Spercificotions. The
material reviewed at a CDR will vary depending
npon the complexity of the CEL In some cases.
a review of the drawings provided with the ini-
tial Part 11 Detail Specification will suffice: in
other ases, the contractor may be required to
present soft or hard mockups. breadboards. or
prototyvpe, hardware to establish that an ade-
qnate detail design solution is provided. CDRs
are intended to inchude inspection of all aspects
of the design such as performaunce, packaging,
structure, effectiveness factors. and safety.

. Each CDR shall be an integrated review by
all design engineering areas and rechnical disci-
plines having an input to the CEI being re-
viewed. Separate formal design reviews shall
not be conducted to determine the adequacy of
n single particular design engineering area or
technical discipline: e.g.. mechanical. electrical.
or maintainability and saferv. Detailed pro-
cedures for CDRs are specified in eshibit XIV,
AFSCM 375-1. The relationship to other re-
views is specified in chnpter 4 above. CDR ac-
tion items shall be covered contractually and
will be binding on CDR participants. Changes
resulting from the CDR shall be incorporsted in
the syvstem engineering documentation and ap-
proprinte Detail Specification.

d. For other than facilities, the result of a suc-
cessful CDR is to commit design to production:
i.e, the contrastor is permitted to produce
equipment in accordance with rhe detail design
presented at the CDR and reflecred in Part I1
Detnil Specifications.

NOTE: Continue System Engineering Proc-
ess During Production. A break is shown in
figure 5 to indicate thar there is n requirement
to continue the system engineering process dur-
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ing the production edort. As the design and
development effort is completed and the pro-
duction etfort is expanded. tlie updating of and
changes to system engineering documentation
are reduced until it becomes primarily a change
evaluation and justification tooi for ECP ac-
tions. At the start of production, the SPO will
determine when updating and changes to system
engineering documentation will be terminated
and will identify the level of effort required un-
til that time.

8lock 93. Complete Part Il Detail Specifications.

a. The contractor shall complete Parc 11 De-
tail Specifications prior to the first article con-
figuration inspections (FACI). The Part 11
Detail Specifications and referenced drawings
are the complete "“build t0” documentation nec-
essary for the control. logistic support, and re-
procurement of the CEls. These specifications
represent the product of the detail design etort
and define the product configuration baseline
(reference AFSCMs 275-1 and 375—4).

b. Part II Detail Specifications for facilities
will be arranged in appropriate packages for
construction bidding and contract award as pro-
vided for in the MCP. All documentation,
drawings. design calculations. procurement
specifications, control estimate, special condi-
tions, etc., necessary for the execution and man-
agement of construction traditionally included
within the Facility Cunstruction Contract Plans
and Specifications will muke up part II of the
Facility CEI Detail $pecifications required by
exhibit 111, AFSCM 375-1. For critical RPIE
subsystems, Part II Detail Specifications shall
be completed in nccordance with eshibit II.
AFSCM a75-1.

Block 94. Inputs to Production end Fecility
Construction Coniract.

s. With the confirmation by DOD, USAF of
word to proceed with production and the num-
ber of units to be produced having been specified
ip the production schedule, contracts for pro-
duction quantities are awarded. These con-
tracts for hardware are negotinted against the
Part 11 Detail Specifications.

b. The actual acquisition of a facility, which
is comparable to the production cycle of other
system elements, is normally funded and con-
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tracted for separately through the MCP. The
award of the construction contract is significant
in its phasing te other system elements, particu-
larly since it signifies the start of a further iden-
tification cycle for system equipment through
competitive procurement of commercial stand-
ard and “off-the-shielf” hardware. This late
phasing of detailed information places a re-
uirement on FSE o provide the Lest compro-
mise between total system needs and the military
construction environment by effectively plan-
ning and forecasting the «ata availability and
establishing rthe subini-sion =chedules. In order
to meet these requirements, FXE must be fully
aware of the needs of the total svsreni engineer-
ing process during the acquisirion piraze. With
the award of construction contract. FSE
changes from a role of essentially xvstem design
to one of primarily montitoring the construction
and of updating the support daza.

Block 95. Review Acceptance Test/Verification
Procedures. The acceptance test veritication
procedures developed to implement the test re-
quirements definecd in block ~1* shail be reviewel
for compatibiliry with the re-t reqnirements in
the System Specifieation. the Part I Detail
Specification, and the system engineering docu-
mentation. Nelective review of acreptance test
procedures shall be accomplislied for major sub-
systems and CEIs. Qualitication testing chould
be completed prior to the start of acceprance
testing. When qualification tezts are not com-
plete, acceptance tesring shall be accomplished
on a contract deviation basis.

Block 96. Conduct First Article Configuration
Inspections (FACH) on Operctions and Mainte-
nance Equipment /Facilities.

u. This action results in the approval of the
product configuration baseline and completes
the transition of control from ‘“design to” to
“build to" documentation. The requirements
for FACIs are specified in exhibit XIV,
AFSCM 375-1. FACIs compare the detail
drawings and specification with the hardware
produced from these drawings and specifica.
tions. The product of a FACI is formal ac-
ceptance of the Part II Detail Speridcations
nnd is a prerequisite to CEI acceptance test/
vectification. Subsequent toa successful FACI.
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changes to the Part II Detail Specifications
shall be made by means of preliminary and
formal ECPs in accordance with exhibit IX.
AFSCM 3¢5-1.

b. There will be FACIs for facility CEls
described by Part 11 Detuil Specifications de-
veloped under exhibit II, AFSCM 373-1.
There is no FACI required for facility CEIs
defined under exhibit IT1. AFSCM 375-1. The
equivalent to a FACI for these CEIs is n series
of reviews and events during construction and
activation. For esample, the submission and
approval of shop drawings. fabrication draw-
ings, mater:al samples, etc.. documents the de-
ta‘l design or ajuipment selection Ly the con-
siruction contractor. (Once approved. these
data further define the product configuration
baseline. Individual equipment and materials
are subject 1o inspection by the construction
agency to insure its compliance with Part 11
Detnil Specification requirements. These in-
spections 1y take place at the supplier's fa-
cility or at the construction site during installa-
tion. Completed facility elements must be
ingpected for comphance and “as built” draw.
ings must be prepared to document field changes
and options etercised by the construction con-
tractor in the. actual physical consiruction and
arrangciwent of equipment. Where perform-
anc. is specified. acceptance testing will be
accomplished and documented prior to the ac-
ceptance of the facility from the construction
contractor and transfer of accountability by
means of DD Form 1354, ' Transfer and accept-
ance of military real property” (reference AFR
88-9). Through this process, the shop draw-
ings, vendor data, and *“as built” drawings all
become part of the specification package.

c. Because of these differences, it is essential
that the AFSC division civil engineering ac-
tivity establish the proper controls during con-
struction to insure the timely availability of the
specification package and that the data be re-
sponsive to the needs of the system engineering
process as well as the facility construction
process.

d. Where communications electronics facility
installations are involved, the equivalent to
FACI is an inspction which resulis in the execu-
tion of an AFTO Form 88, “Communications-
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electronics-meteorological installation inspec-
tion certificate,” reference T.O. 31-1-8. This
inspection shall insure demonstration of the
technical ndequacy of newly installed. modified.
or modernized ground communications-elec-
tronics systems.

Block 97. Review Installation and Checkout
Procedures. The contractor shall review 1&C
procedures using svstem enimeering documen-
tation, the System Xpecification. the Part I1 De-
til Specifications. Inventory Specifications,
and related detail design lata. The review
shall Le selective and »hail primarily be ac-
complished on the system and major subsystem
checkout procedures and «n anv eritieal instal-
lation procea.res. 1ae reviews :auii e ui-
rected toward assuring that equipment I&C
requirements are properly implemented by the
1&C procedures.

Block 98. Review Category !l Test Procedures.
Category II test procedures shall be reviewed
for compatibility with category II system and
major subsystem test requirements. This re-
view shall be directed toward assuring that the
selected test procedures specified or referenced
in the system test plan have been properly con-
sidered and will fulfill the appropriate cate-
gory I test requirements (reference block 89).
Block 99. Support 18C and Category Il Tests.

a. System engineering support of the I&C
shall be provided for the purpose of (1) facil-
itating the resolution of technical problem
areas: (2) supporting any resulting change
definition and justification; (3) supporting any
required retest during the I&C operstions, and
(4) failure analysis.

b. Category II test support shall include (1)
test result evaluation to assure that performance
and design requirement comnpliance has been
demonstrated ; and (2) identification and reso-
lution of problem areas including changes.
Block 100. Conduct Technicol Approvyl Dem-
enstrat.on. There is a requirement to conduct
technical approval demonstrations ns part of
the turnover of the system ro the using comm. n1
(reference AFR %0-28). These demonstrations
will be conducted on major systems for the pur-
pose of demonstrating uccepting the complete
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systemn in the operational environment. System
engineering shall support technical approval
demonstrations to be conducted aguinst requive-
ments in the System Specification. The require-
ments for technical upproval demonstrations
shall include nsing command turnover require-
ments and acceptance requirements tha: can be
demonstrated only in a system-installed opera-
tiwonal environment.  Reguired ~schedules and
procedures will be established by the SPO.

Block 101. Assist in Definition of Categery Il
Test Requirements. Nystem engineering sup-
pore i detinmar categoey {11 1est requirements
shall Le provided by the contractor when di-
rected by the ¥PO) tieference AFR $0-14).
Category 111 test objectives include assessment
of system operntional capabilities and evalua-
tion of the logistic system. personnel, and pro-
cedural data.  System-oriented functional dia-
grams, RAS, time-line ~heets. Systein Npecifica-
tion, and related design dutiv shall be used to
identify (1) system requiremenrs data nnd (2)
Lackup engineering rationale required to define
category III test requirenients. \lthough the
using command or ayrency will be responsible
for the development of category 1II test re-
quirements, specific system engineering inputs
should Le made ro insure using command/
agency comaizance of the category I, 1&C, and
entegory 11 testing previously accomplished.

$.0 OPERATIONAL PHASE REQUIREMENTS:

Block 102. Review Cotegory Il Test Procedures
ord Support Tests. Review of category ITI test
procedures and the support of category 111 tests
shall be provided by the contractor when di-
rected by the SPO. Test support shall include
necessary indoctrination of using command/
agency personnel in the svstem characteristics
and mode of operation, selective technical re-
view of the category III rest procedures, and
assisting in technical evaluation of the test re-
sults and failure reports.

Block 103. Develop Folloaw-On System Modifi.
cations.

a. The system engineering process and re-
lated data shall be utilized in performing feasi-
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hility studies to define and justify major system
moditications required as a result of product
improvement changes ar changes ro operational
requirements when i 1) ihe A F=(' has engineer-
g responsibilities for the system ot (2) the
AFLC has engineering responsibility but re-
quests technical suppoat from the AFSC. Such
maodifications are identified a~ elas= IV und class
V madifications in AFR 57+,

b. System engineering support of such modi-
fications is identical to support of previous
changes (i.e..the sverem engineering process and
the modifieation of exi-ting and or develop-
ment of new functional -lingrams, RAS. time-
line sheets. ete., shall be accomplished to fully
define and ju<nify rme chaneey. Particular em-
phasis shall be placed on determining and de-
fining the total svstem impact of the change;
1.e.. defining equipment, per~onnel. facility, and
procedural dara impacts for afecred operations,
maintenance, activacion. and te<t functions,

Block 104. Define Foliow-On Development Test
Raquirements. The system engineering process
and related data shall be used 10 define the de-
velopment test requiremnents for follow-on sys-
tem modifications. Such testing may be neces-
sary because of (1) significant changes in
system capability or changes in system appli-
cation that were not rested during category I
and IT tests anct are not part of an overall series
change or (2) changes to correct svstem defici-
encies for which rest nrticles were not available
during entegory I and I1 tests,

Block 105. Review Follow-On Development
Test Procedures and Support Tests. Review of
follow-on developmental test procedures and
test support shall be similar to that accom-
plished for category JI testing (reference
blocks 98 and 99).

Block 106. Update System Specification and
Part Il Detail Specifications. Changes to system
performance: design requirements or CEI prod-
uct configurntion requirements resulting from
testing or system modification shall be reflected
in updated specifications in accordance with ex-
hibits VIII and IX, AFSCM 375-1.
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Exhibit 2

IMPLEMENTATION REQUIREMENTS

1.0 PURPOSE AND SCOPE. This exhibit pre-
sents minimum requirements for implementing
AFS3SCM 375-5. These requirements shall be
complied with by the SPO. vther Air Force or-
ganizations, and contractors involved in the
specific system or project.

2.0 GENERAL. As required in paragraph 10,
chapter 4, the SPO will assure that the require-
ments of exhibits 1 and 2 and attachment 1 are
specified in the system engineering implementa-
tion plan (SEIP. reference para. n.0), and that
the contractor responsibiiities described in par-
agraphs 3.0 through 6.0 are contractually ap-
plied to all contractors participating in system
programs or projects for which the definition
or acquisition phase is applicable. The appli-
cable task describing the required system engi-
neering effort shall be established by the deputy
director for engineering and included in the
work statements. The SPO will assure that an
SEIP is prepared to implement the require-
ments and objectives of this manual in the most
etfective manner. Specific consideration will
be given to applying selected requirements of
this manual to system programs or projects for
which s definition or soquisition phass in ac-
cordance with AFR 375-1 is not specifically
directed when the program would benefit from
such application (reference pars. 11.0). The
SPO will establish memorands of agreement
defining the responsibilities of participating
Air Force organizations involved in system en-
gineering the specific uystem or project. These
agreements will include:

s. Definition of the specific areas of respon-
sibility. For ezample, the participating
AFCMD organization will support the SPO in
monitoring and evaluating the contractor’s sys-
tem engineering functions, actions, and resulta.

b. Definition of intrasystem and intersystem
interface responsibilities.

¢. Definition of communication channels be-
tween the participating \ir Force organiza-
tions and the SPO. and between Air Force or-
ganizations and participating contractors.

d. Interpretation of Air Force regulations
necessary ior the successful accomplishment of
the requirements of the manual.

3.0 GSE/TDC OR SEG/RAT RESPONSIBILITIES.
General system engineering and technical di-
rection shall be acocmplished by SEG/R&T or
GSE: TDC 10 assure that overall system tech-
nical objectives are being met in an economical
and timely manner. In general, the tasks for
which the SEG/R&T or GSE./TDC shall be
responsible include (1} nnalyvsis of basic system
requirements and formulation of the initial sys-
tem performance,/design requirements specifi-
cation, (2) system design verification, (3) eval-
uation of technical adequacy of system, sub-
system and equipment interfaces, (4) system,
subsystem. and equipment design and perform-
ance integration, (3) analvsis and evaluation
of system, subsystem and equipment develop-
ment and test. and (8) technical direction asso-
ciated with system, subsystem and equipment
engineering integration. GSE/TDC or SEG/
R&T shall support the SPO in accomplishing
the activities described in exhibit I or which the
SPO has primary responsibility. Definitive
Jevels of effort required by the SEG/R&T or
GSE/TDC to implement these technical tasks
should be negotisted and established in & mem-
orandum of agreement. Specific responaibili-
ties for each program phase are included in the
following subparagraphs.

3.1 Conceptval Phose (Conceptual Trensition).
SEG/R&T or GSE/TDC responsibility shall
be established at the time the SPO cadre is
established. During this phase, the geaeral
system engineering snd technical direction
tasks are directed toward meeting the prerequi-
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sites for definition phuse dexcribed in AFSCM
579—t.  This edort shall include supporting the
SPO to:

1. Expand the requirements contained in the
SOR/OSR/ADO and evolve technical concepts
and definitize requirements to a level which will
provide a basis for definition phase. Npecific
svstein engineering actions Jduring conceptual
transition  clude  establishment  of nission
rvequirements: derivation of weneral system re-
suirements. including consideration of facilities,
test, and activation evelopment, personnel
requirements, and maintenanve: initial synthe-
sis of requirements into hardware terms :and.
as applicable. computer program terms: trade
studies: identification of maior rechnical risks:
and preparation of technical inputs to the
PTDP. including “design to™ criteris, overall
relinbility, survivability-vulnerability, main-
tainubility and safety parameters. The result
of this efort by the *EG R&T or GSE, TDC
will be initial system engineering documenta-
tion: namely, functional dingrams, R\ Se, trade
study reports, time lines. and :chematic
diagrams.

b. Formulate. review, and approve the plans
and tasks which will be used to implement and
control the system engineering etfort during the
definition and acquisition phases. The SEG.
R&T or GSE.TDC will Le responsible for
preparation of the SEIP 10 implement the re-
quirements and objectives of this inanual. This
plan swill be nrepared in accordance with para-
graph 8.0.

c. When contracted studies are required, pro-
vide surveillance and review of contractor
efforts. Where evaluation indicates a new or
changed requirement, initiate technical guid-
ance or direction.

3.2 rthase IA. The SEG/R&T or GSE/TDC
shell support the SPO to:

o. Prepare the basic system engineering
documentation required by this manual to de-
velop technical inputs to the initial System
Performance; Design Requirements Generul
Specification (System Specification).

b. Prepare the technical portions of the ini-
tial System Specification required by AFSCM
375— and defined in exhibit I, AFSC)M 373-1,
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i accordance with the procedures specified in
exhibit I, AFSCM 575-5.

. Provide technical inputs to the request for
proposal « RFP), including statements of work.

d. Provide «larification of the technical
portions of the RFP as required. No contrac-
tor direction will be viven during proposal
preparation.

e. Prepare criteria for and evaluate the tech-
nical content of each proposal in -upport of tne
source selection board. .\ssist the source selec-
tion board as appropriate.

f. Revise the definition phase -ratements of
work in preparation for phaze 1B negotiation.
33 Phase 18. The SEG R&T or GSE/TDC
shall review, evaluate. advise rhe =PO on, and
initiate technical direction as reyuired to obtain
maximum results from the contractor’'s phase
IB report. During conduct of phase IB, the
SEG,R&T or GSE. TDC ~hall inform the SPO
if a contractor’s approach is not compatible with
the requirements in the Svsten Specification.
SEG/R&T or GSE TDC actions during the
contractor's definition process shall include
technical evaluation of (1) incrementally de-
veloped system engineering «ocumentation
from all technical aspects: i.e.. hardware, per-
sonnel. facilities, and procedural data: (2) con-
tractor's expansion, revision of the System
Specifieation: (3) contractor-developed Part [
Detail Specifications: and () CEls which in-
volve development of the state-of-the-art, high
technical risk, or high acquisition costs. To
accomplish the objectives established above, the
SEG/R&T or GSE,TDC sh:'l support the
SPO to:

a. Provide technical clarification and inter-
pretation of system engineering documentation
and specifications to all contractors at the guid-
ance meeting.

b. Schedule and accomplish in-process re-
views and technicul interchange meetings as
necessary on system requirements and system
design. These reviews and interchange meet-
ings are specified in parograph 11, chapter 4.
The SEG/R&T or GSE TDC participation
shall include selective technical evaluation of
the products of the svstem engineering process
and shall compare the technical evolution of the
svstem with program objectives and total re-

—
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quirements. Based upon this evaluation and
comparison, the SEG, R&T or GSE,/TDC shall
make appropriate recommendations to the SPO.

¢. Initiate technical direction us required to
assure that the definition phase technical objec-
tives are obtained. Technical direction may
result from evaluation of the results of a
SE TD review or technical interchange meet-
ing, or from a request by the SPO.

d. Prepare criteria for evaluating the tech-
nical content of the contractor's phase 1B final

report.

e. Resnlve technical interface problems.
including those which develop between
contractors.

3.4 Phase IC. The SEG/R&T or GSE/TDC
shall evaluate the technical content of the con-
tractor’s phase IB final report. The SEG/
R&T or GSE/TDC shall support the SPO to:

a. Perform technical selection of the most
promising design approach and of the related
system/subsystem elements from each proposal.
When required, synthesize these elements justi-
fyving selection of proprietary items into a
system which best meets program requirements.

b. Revise the system engineering documen-
tation and system effectiveness models and
originate new system engineering documentn-
tion and system effectiveness models as appro-
priate to accomplish the evaluation effort and
to define an optimized system configuration.
Documentation generation or revision will be to
the extent required to define system require-
ments in a manner to permit negotiations of
fixed-price, fixed-price-incentive, or cost-plus-
incentive contracts for phase II development
effort.

c. Update the System Specification and Part
I Detsil Specifications as required and prepare
inputs to the PSPP and technical portions of
the phase II statements of work.

d. Make technical recommendations to the
SPO relative to the contractor’s continuing en-
gineering and development in required areas
during phase IC.

e. Provide technical guidance to contractors
on their assigned tasks ss required. Techni-
cally support the source selection board.

f. Provide technical assistance during the
phase TT definitive contract negotiations.

797.4%9 O-66—6

77

AFSCM 375-5

3.5 Acquisition Phase (Phase || Development).

SEG, R&T or GSE. TDC during phase 11 swill
include system/subsysiem design and support
the SPO deputy director for test and deploy-
ment to accomplish test evaluation covered by
the Svstem Specification and the Detail Speci-
ficarions. Since a siznificant part of general
system engineering occurs during the system
formulation effort in conceptual-transition and
phases 1A and IB. technical direction required
in regard to resolution of system problems dur-
ing hardware development in phase II should
be munnmized. Only i the nstance where a
major technical question arises from data re-
view, test results. or other stimulys shall tech-
nical direction be useu. Tie SEG/R&T or
GSE/TDC shall assure that svstem engineer-
ing and technical direction etforts shall be ap-
plied to (1) syvstem subsystem design verifica-
tion and control. (2) evaluation of technical
adequacy of systemi and subsystem performance
in view of test results, and (3) assuring that
the phase II designs are in fact evolring into
an effective system reflecting a practical com-
bination of equipment. facilities, personnel, and
procedural data. The SEG/R&T or GSE/
TDC shall support the SPO to:

a. Participate in design reviews. acceptance
tests, FACI, und technical approval demonstra-
tions as specified in paragraph 12. chapter 4.
As appropriate, the SEG R&T or GSE, TDC
shall make recommendations to the SPO and
initiate technical direction.

b. Selectively perform technical evaluation
and recomnmend approval of or changes to sub-
mitted products of the system engineering
process.

4.0 AFPRO RRSPONSIBILITIES. The AFPRO
development engineering office and production
division will provide engineering support to the
SPO in accordance with the following sub-
parsgraphs:

4.1 AFPRO Development Engineering. The
development engineering office at each AFPRO
is responsible for support to the SPO under
Memoranda of Agreement and as stated in
AFSCR 23-39 and AFSC) 375-6. This sup-
port is in the area of resident surveillance of the
contractor’s design, development, and engineer-
ing effort. The objective is to provide engineer-
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ing support to the SPO and rto veduce
total decision-making time through in-plant
engineering evaluation and manugement
surveillance.

4.1.1 The areas in which development engi-
neering can evaluate and monitor the con-
tractor’s activities to provide SPO support are:

a. Engineering management. including
such areas as planning, scheduling. allocation of
manpower, and budget control.

b. Reliability program.

¢. Engineering studies. proposals. and de-
sign approaches.

d. Test plans, test directives, and test
activities.

e. Configuration management.

f. Engineering changes.

g Engineering data control and technical
publications.

h. Value engineering program..

i. Engineering subcontracting practices.

4.2 AFPRO Production Engineering. The pro-
duction division of the AFPRO or other con-
tract administration organization is responsible
for support to the SPO in surveillance of the
contractor’s integration of svstems engineering
with production requirements. The objective
is to provide production engineering support to
insure producibility and the integrity of devel-
opment/production schedules and cost.

4.2.) The production clivision will eval-
uate and monitor contractors' actions during all
phases in such areasas:

s. Plannning and scheduling of design re-
lease to production.

b. Producibility and manufacturing
methods.

¢. Value engineering.

5.0 PARTICIPATING CONTRACTOR RESPONSI-
SILIMES. Participating contractors shsll be re-
sponsible for accomplishing the contractor ac-
tions described in exhibit 1 for the portion of the
system covered in their contracts. Definitive
levels of effort required by the participating
contractors to comply with the following
subparagraphs shall be included in work
stataments.
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5.1 Phase IA. Since phase L\ is an unfunded
efort, the following edorts are suggested:

u. Prepare and use system engineering docu-
mentation as necessary to formuiate the techni-
cal portion of the phase IB proposal and phase
II specimen proposal. This should include ex-
pansion of the initiul System Specification, ex-
pansion of the system engineering documenta-
tion provided in the RF P, and the performance
of trade-off studies s necessary to identify
overall requirements for equipment. facilities,
and personnel.

b. Prepare detail phase IB and phase IT mile-
s.one schedules for inclusion in the phase IB
proposal and phase II planning proposal.
These schedules should be prepared within the
framework of the SEIP to inciude recou-
mended dates for system engineering process
evaluation, documentation review. and input
requirements from other participating agencies.

5.2 Phose iB: -

a. Prepare, maintain. and use required sys-
tem engineering documentation to formulate the
technical portion of the contractor phase IB
final report and to provide a basis for specifica-
tion preparation, system element identification
and quantity determination, test planning, and
change evaluation. This shall include syste-
matic definition of requirements for operations,
maintenance, test and activation equipment,
facilities. personnel. and procedural data: per-
formance of necessary preliminary design ag
required to accomplish this definition : updating
of the initial System Specification; and prepa-
ration of Part I Detail Specifications.

b. Prepare definitive phase II milestone
echedules within the framework of the SEIP,
including dates for system’ engineering process
evaluation, system engineering docamenation
review, and submittal dates for input require-
ments from other participating agencies; tenta-
tive PDR, CDR, FACI, test and technical ap-
proval demonstration scheduling; and tentative
hardware drawing release schedules.

¢. Submit input data to the integrating as-
sembly contractor (IAC) or prime contractor
(PC) as required for system level integration
(applicable only when en IAC or PC is
participating).
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d. Review the technical content of system en-
gineering documentation prepared by other
contractors which atfects their area of respon-
sibility and etfect required action.

e. Conduct required reviews and participate
in technical interchange, technical direction.
and integration meetings. Submit copies of the
minutes of the reviews and meetings to the SPO
for review and any required action.

5.3 Phase IC:

a, Provide technical clarification of the phase
IB final report including phase I1 firm proposal
upon request.

b. Accomplish additional system engineering
as specified by the SPO during the ~holding
period.”

5.4 Acquisition Phase (Phase Il Deve'opment):

a. \ccomplish svstem segment preliminary
and detail design, production, test, acceptance.
training, installation and checkout, and other
activities necessary to effect system segment
acquisition.

b. Prepare. maintain, and use required sys-
tem engineering documentation as necessary to
provide a basis for accomplishing parasgraph
a, above.

¢. Submit input data to the IAC or PC as
required for system level integration.

d. Review the technical content of system
engineering and other documentation prepared
by other contractors which atfects their area of
responsibility and effect required action.

e. Schedule and conduct required prelimi-
nary and critical design reviews as specified in
paragraph 12, chapter 4, and participate in
technical interchange, technical direction, and
integration meetings.

6.0 INTEGRATING ASSEMBLY OR PRIME CON.-
TRACTOR RESPONSIBILITIES. The IAC or PC
shall accomplish the contractor activities de-
scribed in exhibit I to assure detsiled definition,
integration, and satisfaction of the system re-
quirements. Definitive levels of effort, required
by the IAC or PC to comply with the following
subparagraphs, shall be included in their work
statements:

6.1 Phase IA. Since phase IA is an unfunded
effort, the responsibilities listed below are sug-

gested :
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2. Take the same actions as are stated for o
purticipating contractor for the portions of the
svstem covered in the 1AC's or PC's RFP.

b. Make and document system-level studies as
required to interpret, develop, or expand overall
system requirements.

¢. Prepare, muintain, and use integrated sys-
tem engineering documentation.

6.2 Phase i8:

a. .\ssume the same responsibilities as are
stated for a participating contractor for the por-
tions of the system covered in the IACsor PC’s
contract.

b. Make and document system-level studies as
required to interpret, develop. ur espaund overall
system requirements.

c. Review the system engineering documenta-
tion prepared by the participating contractors
for compliance with overall system requirements
and technical adequacy.

d. Prepare, msintain. und use integrated sys-
tem engineering documentation.

e. Convene and conduct infegration meetings
as necessary to accomplish tunely integration
of participating contractor inputs.

6.3 Phase IC:

a. Provide technical clarification of the phase
IB final report including phase II firm pro-
posal upon request.

b. Accomplish additional system engineering

a8 specified by the SPO during the “holding
period.”
6.4 Acquisition Phose (Phase Il Development).
Assume the same responsibilities as sre stated
for a participating contractor for the portions
of the system covered in the IAC's or PC's
contract.

a. Make and document system-level studies as
required to interpret, develop, expand, or syn-
thesize overal] system requirements snd prelim-
inary detailed design solutions.

b. Accomplish system preliminary and detail
design, production, test. acceptance, training,
installation and checkout, and other actions nec-
essary for system acquisition. Maintenance of
the integrated system engineering documenta-
tion shall include acting as lead contractor to
implement the SPO and GSE/TDC or SEG/
R&T comments or approval conditions.
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c. Expand, maincain, distribute, and use inte-
grated system engineering documentation as
required to provide a basis for system synthesis.

d. Convens and conduct integration meetings
a3 necessary for timely integration of partici-
pating contractor inputs. Record and distrib-
ute minutes of these meetings.

7.0 INTEGRATION OF REQUIREMENT DOCU-
MENTATION. The SPO will take specific steps
for review of proposed contractor work state-
ments to insure well-defined contractual and
technical interfaces between the requirements
of this manual and the requirements of related
military specifications, including bulletins, ex-
hibits, and standards that are not wholly in-
cluded in this manual: e.g., reliability require-
teents of MIL-R-27542: maintainability re-
quirements of MIL-~M-26512; safety require-
ments of MIL-8-38130: personnel requirements
of MIL-D-26239: cockpit design requirements
of MIL-P-25996: and human engineering re-
quirements of MIL-H-27894.

8.0 SYSTEM ENGINEERING IMPLEMENTATION
PLAN. A detail SEIP shall be prepsred by
the GSE/TDC or SEG/R&T for inclusion in
section 17, “definition plan,” of the PTDP for
the definition phase, and &s section 17 of the
PSPP for the acquisition .hase. The SEIP
shall identify:

a. AFSCM 375-5 requirements that are ap-
plicable to the syvstem or project which will re-
sult in the most effective system engineering
shall include (1) identification of specific SEG/
R&T or GSE/TDC and contractors’ responsi-
bilities (reference paras. 3.0) for the system
engineering effort; (2) an adaptation of the
system engineering management process speci-
fied in exhibit 1; (3) identification of the ap-
plicable documentation and adaptation thereof,
specified in attachment 1, to be provided by the
contractors; (4) identification of and plans for
required reviews—namely, system requirements
reviews, system design reviews, PDRs CDRs,
FACIs, and technical approval demonstra-
tions; (3) definition of contructor working re-
lationships; and (68) establishment of contrac-
tor communication channels.

b. Specific requiremen's for the IAC or PC
to take lead responsibility for incorpcorating
SPO and GSE/TDC or SEG/R&T comments
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and conditions of approval to assure that the
s¥ystem engineering documentation is integrated.

c. Schedules for :ystem engineering docu-
mentation preparation, submittals, review, and
use including requirements for the submission
of system engineering documentation to the
SPO. the GSE TDC or SEG/R&T, the IAC
or PC. and the participating contractors, as
applicable.

d. During phases I and II. appropriate por-
tions of the SEIP :hall be incorporated as task
requirements in the eontractor work statements
atul the SEIP -hall be kept current throughour
the program.

9.0 SUMMARY Of SYSTEM ENGINEERING
DOCUMENTATION AND AN DLICAT.ON CRITERIA.

Figure 6 provides summary criteria for the
GSE/TDC or SEG/R&T in the selection of
applicable data formarts in this manual for a
specific program. These criteria shall be ap-
plied with care 10 assure that the basic system
engineering process reflected in this manual is
not compromised. For example. for a small
program, it may not be necessary to prepare,
publish. and maintain msintenance loading in-
formation in the specific AFSC)M 375-5 data
formats in order to develop required MGE.
spares, and personnel quantities in a systematic
manner. However, the necessary analyvtical ef-
fort to correlate maintenance and personnel re-
quirements by location in determining these
quantities must still be made. Additional eri-
teria for the selection of system engineering
data are given below.

8. There are three other factors that must be
considered in specifying the data requirements
that will document the engineering process pre-
scribed by this manual. Two of these are (1)
the engineering documentation which must be
prepared by the contractor and (2) the docu-
mentation which must be delivered to the Air
Force. The two are not necessarily the same.
The engineering documentation generated by
the system engineering process should be se-
lected for delivery to the Air Force on the basis
of its actual qeed, not just hecause it may be
available in the contractor’s plant as a result
of implementing the requirements of this man-
ual. Both of these requirements must be con-

A 1}
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d. Review the technical content uf svstem en-
gineering documentation prepared by other
contractors which affects their area of respon-
sibility and effect required action.

e. Conduct required reviews and participate
in technical interchange, technical direction.
and integration meetings. Submit copies of the
minutes of the reviews and meetings to the SPO
for review and any required action.

8.3 Phase IC:

a. Provide technical clarification of the phase
IB final report including phase Il irm proposal
upon request.

b. Accomplish additional system engineering
a3 specified by the SPO during the “hold.:g
period.”

5.4 Acquisitvy Phase (Phase 1l Development).

a. Accomplish svstem segment preliminary
and detail design, production, test, acceptance.
training, installecion and checkout, and other
activities necessary to effect system segment
acquisition.

L. Prepare. maintain, and use required sys-
tem engineering documentation as necessary to
provide a basis for accomplishing psragraph
a, above.

¢. Submit input data to the IAC or PC as
required for systein level integration.

d. Review the technical content of system
engineering and other documentation prepared
by other contractors which atfects their area of
responsibility and etfect required action.

e. Schedule and conduct required prelimi-
nary and critical design reviewe as specified in
paragraph 12, chapter 4, and participate in
technical interchange, technical direction, and
integration meetings.

6.0 INTEGRATING ASSEMBLY OR PRIME CON-
TRACTOR RESPONSIBILITIES. The IAC or PC
shall accomplish the contractor activities de-
scribed in exhibit I to assure detailed definition,
integration, and satisfaction «f the system re-
quirements. Definitive levels of effort. required
by the IAC or PC to comply with the following
subparagraphs, shall be included in their work
statements:

6.1 Phase IA. Si: .e phase IA is sn unfunded
effor:, the responsibilities listed below are sug-
gested :
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a. Tale the same aciions as are stated for 2
participating contractor for the portions of the
svstem covered in the IAC s or PC's RFP.

L. Make ~nd docun.ent syvstem-ievel studies as
required to i1nterpret, develop, or expand overall
system requirements.

¢. Prepare. maintain. and use integrated sys-
tem engineering documen.:tion.

6.2 Phase 1B:

a. \\ssume the same responsibilities as are
stated for a participating contractor for the por-
tions of the system covered in the IAC's or PC’s
contract.

b. Make and document system-level studies as
required to interpret. develop. or espund overall
system requirements.

c. Review the syste.n engineering docaumenta-
tion prepared Ly the participating contractors
for compliance with overall system requirements
and technical adequacy. '

d. Prepare, maintain. and use integrated sys-
tem enginesring doc: ..ientation.

e. Convene and conduct integratjion meetings
a8 necessary to accomplish timely iniegration
of participat‘ng contractor inputs.

6.3 Phase IC:

a. Provide technical clarification of ti.e mhase
IB final report including phase II firm pro-
posal upon request.

b. Accomplish addiiional system engineering

as specified by the SPO during the “holding
period.”
6.4 Acquisition Phase (Phase il Devalopment).
Assuiae the same responsibilities s are siated
for & participoting contractor for the portions
of the system covered in the LAC’s or PC's
contract.

a. Make and document system-ievel studizs as
required to interpret, develop, expand, cr syn-
thesize overall sy’ tam requirements and prelim-
inary detailed design solutions.

L. Accomplish system preliminory and detail
design, production, test, acceDrunce, training,
installaticn and checknut, and other actions nec-
essary for system acquisition. Maintenance of
the integrated system engineering documenta-
tion shall inclnde acting as lead contractor to
implcnent the £PO and GSLC/TDC or SEG/
R&T comments or approval conditions.
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¢. Expand, maintain, distribute, and use inte-
"grated system engineering documeniation as
required to provide a basis for system synthesis.

d. Convene and -onduct integration meetings
as neceasary for timely integration of partici-
pating contractor inputs. Record and distrib-
ute m autes of these meetings.

7.0 INTEGRATION OF REQUIREMENT DOCU-
MENTATION. The SPO will take specific steps
for review of propoced contrzctor work state-
ments to insure well-defined contraciual and
technival interfaces between the requirements
of this manual and the requirements of related
enilitary specifications, including bulletins, ex-
Jbibits, and standards that are net wholly in-
cluded in this manual: e.c.. reliability require-
ienis of MIL-R-27342: ma:ntanability re-
quirements of MIL-}{-26512: safety require
ments of MIL-S-38130: personnel requirements
of MIL~D-2(239. cockpit design requirements
of MII~P-259896: and \iuman engineering re-
quituments of MIL-H-27894.

8.0 SYSTEM ENCINISRING IMILEMENTATION
PLAN. A detai] SEIF shall be prepared by
the G8 ©/TDC or SEG/R&T for .nclusion in
sect:ion 17, “dcfinition plan,” of the PTDP for
the uefinttion phase, and as section 17 of the
PSPP for the soynisition phase. The SEIP
shall identify:

a. .. FSCH 375-5 requ.rements that are ap-
plicaule to the systom or project which will re-
sult in the most effective system enginecring
shall include /1) identification of specific SEG/
R&T or GSE/TD< ard conrractors’ responsi-
bilities (veference pa.n. 3.0) for the system
enzinsering eJort; (2) an adaptation of the
system engineering management process speci-
fied in exhibit 1; (3) identification of the ap-
plicable dociumentation and adaptation thereof,
specified in attachment 1, to be provided by the
contractors; (4) identifi;ation of and plans for
required reviews—aamelv, system requirements
reviews, system design reviews, PDRs CDRs,
FACls, and technical approval Gemonstra-
tior.s; (5) definition of contractor working re-
latioushins: erd (8) establishment of contrac-
tor communication channels.

b. Specific regui~emen’s for the IAC or PC
to tuke lead respcnsibility for incorporating
SPO and CSE/TDC or SEG/R&T comments

80
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and conditions of approval to assure that the
svstem engineering documentation is integrated,

c. Schedules for -ystem engineering docu-
mentation preparation, submittals, review. and
use including requirements for the submission
of system engineering documentation to the
SPO. the GSE. TDC ar SEG/R&T. the IAC
or PC. and the participating contractors, as
applicable.

d. During phases I and II. appropriate por-
tions of the SEIP :hall be incorporated as task
requirements in the ronrractor work statements
and the SEIP ~hall he kept current throughour
the program.

9.0 SUMMARY OF SYSTEM ENGINEERING
DOCUMENTATION AND 47 2LiCAT.ON CRITERIA.

Figure 8 provides summary criterin for the
GSE/TDC or SEG/R&T in the selection of
applicable data formats in this manual fur a
specific program. These criteria shall be ap-
plied with care 10 nssure that the basic system
engineering process reflected in this manual is
not compromised. For example. for a small
program, it may not be necessary to prepare.
publish, and maintain maintenance loading in-
formation in the specific AFGCM 373-5 dats
formats in order to develop -equired MGE.
spares, and personnel quartities in a systematic
manner. Hcuwever, the necessary analvtical ef-
fort to correlate maintenance and persoanel re-
quirements by location in determining these
quantities must still be made. Additional cri-
teria for the selection of system engineering
data are given below.

a. There are three other factors that must be
considered in specifring the data requirements
that will document the «r gineering process pre-
scribed by this manual. Two of these are (1)
the engineering documentation which must be
prepared by the contractor and (2) the docu-
mentation which must be delivered to the Air
Torce. The two are not necessarily the same.
The engineering documentation generated by
the system engineering process should be se-
lected for del.very to the Air ¥orce on the basis
of its actual need. not just because it may be
available in the cuntractor’s plant as a result
of implementing the requirements of this man-
ual. Both o} these requirements must be con-

e

—




10 Morch 1966 AFSCM 375-5

AFSCM 315.5
OOCUMENTATION DESCRIPTION BASIC PURPOSE APPLICATION

asp 8t 3 i
TTEE QL EWEST Tuac® -a? w gt
i iw DRQEE YO ACw v
ATATEW PRO/ECT OBISCTIVER

OQua, #L,0W B OCR
e

0 agmigve
1 Ogvwd g

rgA.9vE Pualtipua,
1BORTIOving SvaTL:

f@gnt 2y, 0087 Cn
Al

' gy
ooc-; g0
Sata

0 43w
sOnaf, suf FR0CEOVES,

0-5 fdendd LALLTS Ol 'l .‘9\-'.“ -
Tl

I #VET A Sutind

1Tve g
L]

. L]
A -... L3 wu‘--e_o--q anD PRY,ECTY fO

0% 08 alOvie-~- 0-

Lad
cto

“eazg 3.3 agegar

]
Lot ntinee '
H 4 tiwt @avg
| IO Enm oF ICCM l-
1
#08wancy
[y L rrey)
am0 #E8)0enEL LV L1287 On *ime
l KmEwaY L BLOCH Cra0Nsw weTiCaLLY (OEnY 014 2anD TQ FaCh, TATE SQvEL O

CEN s InrEY

sac. tv argerace

o-aolui sat B80.4C T PON
=gy

COuils T On

[ L1304 wanCl wCE ALOvIREw 1] anp COVWPLE L
[P LT Ty ° »ec. oc 1T WeAMELO. T 17100 08 ACOM 'Y Ti0m
A0 CONEOg u’ Qa0 s$tu gad -Tam 3 v CABL 8 OO0 ARCTLD ans
CUIL 3 COUPONgaTS - “r ta

TRatiC AnD LOMS, BTG
Tnanch

g
- am0 ..n.. -....o..
fuGugnts wAY 88 WO« #:80

068 08/ o=
190 ‘.oc 4%:C GPBOB "

canCE LOB0 R0 TUnsaC

vor
CCOHUP, 1GmulinY §TC 1 T
Wongs. 508 snd Prage

hede 71 {21

o “
0 InveL viae
er 0;00-' vimtags

S vTa I JATION BnEET -l.l.l'w'u -00 uanTITIS) BY PP ECISIE
v SCATIOn.

nalfl VTH1SATON

SANead. aFPpaY " Attt
Lol oY Wi NiC -u-un-cc LeCatian wentEnaaC g SELSMANE, &
P PEGVIOLS Py T 79 GNhV‘.‘.e.
v0aOInG mEQY
CALiBBaT 0N s
[ L1

€ W88 RuD 1Ty OADEAAING BaTS G40y i1LH el PROVINONINS DATA YO 47 C
On A SN0 1P Ds BAWD

< eree
ALSUL T ‘0 WGE DEVELOPUERT OwiCn Wy,
A4 FOQCURED O aNNC

Figure 6. Summaery of System Engineering Decumentation end Applicetis . Critenie.

]




AFSCM 375-5

sidered independently and clearly identified on
the DD Form 1423 of the contract.

b. The level of detail to which the engineer-
ing documentation is carried by the contractor
is the third factor that must be considered and
specified in the contract. Normally this should
be limited to the CEI level or the level to which
ali items of deliverable hardware are identified
and for which specificutions are written. .\
specific level (e.gz.. 6th indenture) should not
be specified since this could result in more detail
than necessary. Configuration management. as
specified in AFSCM 375-1. is basically con-
cerned with the CEI level, and the engineering
management specified by this manual need
complement it only with the engineering data
at this same level,

10.0 SYSTEM ENGINEERING DOCUMENTATION
USES. Uses of the system engineering docu-
mentation will vary depending upon the spe-
cific nature of a system or project. As a mini-
mum, the system engineering documentation
defined herein shall be utilized during the sys-
tem life cycle as specified in the subparagraphs
set forth below. The primary system engineer-
ing documentation to be utilized is parentheti-
cally noted after each required use. System en-
gineering documentation integrated by the IAC
or PC shall be used by all contractors and Air
Force organizations subsequently to its submis-
sion or availability for use in whole or in part.
Prior to the submission or availability
of the integrated documentstion, individual
contractor-developed documentation shall be
utilized.

10.1 Cenceptual Phase Uses:

. Provide technical inputs to the PTDP
(functional disgrams. RASs, Trade Study
Reports, time-line sheets).

b. Provide justification and rationale for
technical data in PTDP (Trade Study
Reports).

10.2 Definition Phase Uses:

8. Provide s basis for preparation of the
initial specification tree and revisions/expan-
sions thereto (functional disgrams, RASs,
Trade Study Reports, time-line sheets, sche-
matic diagrams, and design sheets).
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b. Provide requirements for inclusion in the
initial system specification and revisions/expan-
sions thereto (functional diagrams, RASs,
Trade Study Reports, time-line sheets, sche-
matic diagrams. and design sheets).

c. Provide requirements for reliability and
system effectiveness models (functional dis-
grams. RASs, Trade Study Reports, time:line
sheets, schematic dingrams, design sheets, fa-
cility interface sheets, and maintenance sheets).

d. Provide test concepts and overall require-
ments to support test planning and develop-
ment {(functional diagrams, RASs. Trade
Study Reports, schematic diagrams, and design
sheets).

e. Provile Liackup reauirement documenta-
tion to support tie phase I1I3 work statement
and phase II specimen work statement prepa-
ration (functional dingrams, RASs, Trade
Study Reports. time-line sheets, and schematic
diagrams).

f. Provide basic requirement documentation
in support of contractor phase IA propoeal
preparation effort (functional diagrams, RASs,
Trade Study Reports, time-line sheets, sche-
matic diagrams, design sheets, and facility in-
terface sheets).

g. Provide basic requirement documentation
for SPO and GSE/TDC or SEG/R&T and
contractor reviews of the phase IB effort (func-
tional disgrams. RASs, Trade Study Reports,
time-line sheets, schematic diagrams, design
sheets, facility interface sheets, and msintenance
sheets).

h. Provide performance, design, snd test re-
quiremente for Part I Detail Specifications, in-
cluding specifications for test and sctivation
peculiar end items (functional diagrams, RASs,
Trade Study Reports, time-line sheets, sche-
mstic disgrams, design sheets, facility inter-
face sheets, and maintenance sheets).

i. Provide requirements for personnel, train.
ing, and procedural dats in the form of initial
QQFRL, TEPI], and procedural data list re-
spectively (functionsl diagrams, RASs, Trade
Study Reports, and time-line sheets).

j- Provide documentation to support the
evaluation of contractor phase IB and II pro-
posals and phase IB final reports (functional -
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diagrams, RASs, Trade Study Reports, time-
line sheets, schematic diagrams, design sheets,
fucility interface sheets, and maintenance
sheets).

10.3 Acquisition Phase Uses:

8. Provide a basis for the expansion and veri-
fication of the System Specification and Detail
Specifications and preparation of drawings
(functional diagrams, RASs, Trade Study Re-
ports, time-line sheets, schematic diagrams,
MGE, design sheets, facility interface sheets,
and maintenance sheets).

b. Provide category 1. cutegory 1I, accept-
ance. and I&C test requirenients for inclusion
in the system XNpecitication und Detail Speci-
ficntion and in support of the development of
detailed I&C, category I. and category II test
procedures, pluans, directives. and other test doc-
umentation | functional dingrums, RASs, Trade
Study Reports, time-line sheets, and s:hematic
diagrams).

¢. Provide Lasic requirement documentation
10 support reviews, including PDRs and CDRs.
and provide backup requirement documentation
to support. FACis, acceptance tests. and tech-
nical approval demonstrations (functional dia-
grams, RASs, Trade Study Reports. time-line
sheets. schematic dingrams. facility interface
sheets. and ma’ ntennnce sheets).

d. Provide bazic system element requirements
for inclusion in activation, operations, and
maintenance procedural data (functionai dia-
grams, RASs. Trnde Study Reports, time-line
sheets, schematic dingrams, maintenance sheets,
and maintenance loading documentation).

e. Provide basic requirement data in support
of problem evaluation, test resuit evaluation,
and required change definition during accept-
'nce, J&C. category I, and cutegory 11 testing
(functional dingrnms. RASs, Trade Study Re-
ports, time-line sheets, and schemastic
diagrams).

f. Provide the basic quantitative and qualita-
tive requirements for personnel ro prepare
QQPRI (functional dingrams, RASs, Trade
Study Reports, time-line sheers, maintenance
londing documentation including personnel uti-
lization sheets. maintenance sheets, and calibra-
tion requirements swiumaries).
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g Provide requirement documentation for
defining the training program (functional dia-
grams, RASs. Trade Study Reports, time-line
sheets, schematic dingrams, manintenance sheets,
and maintenance londing documentation).

h. Provide basic requirement data for equip-
ment and faciliey quantities. ~pure part provi-
sioning, servicing. equipment cilibmtion. depot
overhaul, and other logistiss support require-
ments (functional diagrams, RASs, Tirade
Study Reports, time-line sheets, scheTatics,
maintenance loading documentation including
MGE utilizavion <liet~, maintenance sheets,
MGE provisioning lists « Figure A), and cali-
bration requiremente supunaries).

. Provide busic reqpurements tor I&C und
selected critical production activities (fune-
tional diagrams, R\ASs, Trade Study Reports,
time-line sheets, schematic diagrams, and main-
tenance sheets).

j. Provide basic requirement documentation
in support of category III test requirement de-
velopment, test proce:lures. test plans, and othe:
test documentation (functionasl diagraius,
RASs. Trade : tudy Reports. time-line sheets,
and schematic diagrams).

10.4 Operational Phose Uses:

a. Provide hasic requirement documentation
in support of follow-on operutional vest require-
ment developmert. test procedures, test plans.
and other rest documentation (functional dis-
grams, RASs. Trade Study Reports. schematic
dingrams, and time-line sheets).

b. Provide technical requ:rements in support
of (1) problem evaluation and rquired changes
to cntegory III and follow-on operational test-
ing, (2) the analysis of syvstem test data, and
(3) follow-on system madifications (functional
diagrams. KASs, Trale Study Reports, sche-
matic diagrums, time-line sheets, maintenance
sheets, and maintenance loading documenta-
tion).

10.5 Engineering Change Jusificatien. The
aystem engineering documentation shail be used
to provide definition and justification of tech-
nical changes to design requirements, specifica-
tions, dmwings, and equipment/facilities i
support of AFSCM 375-1 configumtion man.
agement activities: e g., providing the su stan-
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tiation of performance etfectiveness required by
block 21 of the ECP form ( functional diagrams,
RASs, Trade Study Reports, schematic dia-
grams, time-line sheets, facility interface sheets,
desigr: sheets, maintenance sheets, and mainte-
nance loading documentation).

11.0 SPECIAL APPLICATIONS OF APICM
378-5. It is advantageous for systems and
projects that are in the explorutory or advanced
development program element of the R&D pro-
gram VI to implement selected requirements
from this manual.

a. The developmen: of three busic system en-
gineering documentation elements can most con-
rribute to such programs: namely, functional
diagrams=. schematic diagams, and directly re-
Inted engineering studies. Functional diagrams
can be prepared to identify and interrelate the
basic functions necessary to accomplish the syvs-
tem or project objectives. Engineering studies
can then be performed to define the require-
ments associated with the functions in conjunc-
tion with the schematic diagrams and to appor-
tion theso requirements to equipment,
personnel, and facilities as applicable. Studies
should reflect the overall content requirements
of the RASs and Trade Study Reports. Trade-
offs would be an inherent part of such studies.
For certain advanced development program ele-
ment systems or projects such as X~13, the addi-
tion of the RASs and design sheets can be bene-
ficislly utilized for determining total integrated
requirements.

b. Advantages that can be gasined through
the selective application of the requirements of
this manual to such systems are that it would
(1) sccomplish the system or project objectives
in s systematic manner starting with an anslysis
of the function and the subsequent determina-
tion of the system functional requirements that
must be satisfied to meet these objectives; there-
Ly providing a functional framework to be used
a8 » romplete checklist to assure that the system
elements are developed in view of all system
requiremants and constraints, (2) provide a
permanent record and rapid determination of
the rationale behind the decisions made during
the accomplishment of the system or project ob-
jectives; (3) facilitate transition of ths system
engineering effort accomplished while a system
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or project is categorized in an exploratory or
advanced development program element, to the
system engineering effort required in the event
that the system or project is reclassified asan en-
gineering or operational system development
program element: and i4) provide a structured
source of system requirements to facilitnte com-
munication within the contractor's orgnnization
and between the contractor and the SPO.

12.0 SYSTEM ENGINSERING DOCUMENTATION
FORMAL SUBMITTAL. Contractors shall com-
plete and submit system engineering documenta-
tion required on the DD Form 1423 (reference
para. 8 of chapter 3) in nccordance with figure
7 and the contractual snhmiren] schedulps
Only the data w:: .. .. Cita ar uelin

on the DD Form 142’& mll be submmed
Figure 7 represents a typical participating
contractor/IAC/PC submittal and TD/com-
ment loop during the definition and acquisition
phases. Final formal submitta! during the
definition phase will be as a part of the phase
IB final report. Where only a prime or single
contractor or contractor team is involved, sub-
mittals shall be made directly from the con-
tractor to the SPO. The system engineering
documentation shall be “packaged” for formsl
submittal in accordance with the following sub-
paregraphs unless otherwise agreed to by the
SPO and the contractor:

12.1 Velume |I—intreduction and Indexes.
This volume shall include general irstructions
for the use of all the volumes, including s brief
explsnation of each documentation element, its
uso, and its relstionship with other documenta-
tion elements. Included shall be a listing of
source dats such as the SOR/OSR/ADO, con-
ceptual study reports, and spe-.i1lized data re-
lated to s specific aspect of the sysiem. It shall
also include a general table of contents for all
volumes, and a general index which shall be
subject oriented and relate to specific volumes
snd pages. Tbe index subject headings will
depend on the nature of the specific program.
For example, it may contein such general head-
ings as “Equipment” under which may be listed
“Launch Complex OGE” or “Electrical Power
Equipment,” “Vehicle Handling Equipment,”
or “Guidance Equipment,” etc. Correlation to

the related system engineering documentation
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Figure 7. Sywem aginsering Docvmentatien Submittel and 1D/ Comments Flow.

would then be made by volume and page num-
ber for each subheading. Another genersl
heading may be “Personnel,” under which may
be listed “AFSC,” “Maximum Personnel per
Maintenance Team,” etc. Individual volumes
and logical groupings of data within these
volumes of over 25 pages shall have functions
or equipment/facility end item identifiers re-
Iated to page numbers.

122 Voiume (I—Functional Documentatien.
This volume shall contain operations, test, and
activation functional diagrams and related
RASs and tir c-line sheets in numerical and
decimal sequence.

12.3 Velume lll—Trede Study Reports. This
volume shall be used to r.port the required
trade study prepared in support of the system
engineering effort. The Trade Study Reports
to be submitted shall be directed by the SPO.
124 Velume IV=$chemetic Diagroms. This
volume shall contain system and subeystem
schematic diagrams organized in a logical,
progressive manner.

135  Velume V—Squipment/Facility Documen-
tatien. This volume shall contsin equipment
and facility design sheets and facility interface
sheets. Az the design sheet becomes Part I of
Detail Specifications, they shall be replacad by
8 reference to the specific Detail Specifications.
Where desigr. sheets are not prepared for
equipment (e.g., inventory equipment require-
ments items and identification items), a refer-

ence to the appropriate detail specification shall
be included. Equipment categorization within
this volume shall Le as follows:

a. AVE.

b. OGE.

c¢. MGE.

d. AAE.

e. Facilities.
126 Volume Vi—Equipment/Facility Maointe-
nance Requirements. This volume shall contain
maintenance functional diagrams and mainte-
nance sheets.
12.7 Volume Vil—Maintenance Locding Docu-
mentatien. This volume shall contain all the
maintenance loading sheets, MGE utilization
sheets, dnd personnel utilization sheets.
128 Velume Vill—Calibration Requirement
Summaries. This volume shall contsin the cali-
bration requirement summaries sectionalized by
equipment category as in vclume V.
13.0 SYSTEM ENGINEERING DOCUMENTATION
CHANGES. Changes to any portion of the sys-
tem engineering documentation that have been
submitted to the IAC or SPO or that have been
made availrble for the participating contrne-
tors internal use shall be specifically con-
trolled and issued in a timely manner to
insure currency of the submitted or available
documentation.

e. Changes to system engineering documen
tation resulting from or leading to engineering
changes that are controlled in accordance with
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the requirements of AFSCM 375-1 (class 1
changes) shall be submitted as part of the speci-
fieation change notice, and system requirements,
design requirements, and normal ECPs. The
specific word change to the system engineering
documentation, amplified as necessary to define
or justify the specific engineering change, shall
be included in the change proposal.

b. System engineering documentation changes
leading to or resuking from engineering
changes not requiring approval by the SPO or
in accordance with AFSCM 373-1 (class II
changes) shall be incorporated in the integrsted
documentation on an “as identified” basis.

¢. Changes to system engineering documenta-
tion shall be reflected in the participating con-
tractors data and the IAC integrated data.

d. System engineering document changes
shall be submitted in the same manner as origi-
nal submittals as represented on figure 7 when
not associsted with AFSCM 375-1 change pro-

When associsted with such change
propossls, they shall be submitted as an integral
part of the change proposals in accordance with
AFSCM 375-1.

13.1  Revisiens. The following is s suggested
method of editorially revising system engineer-
ing data:

s. Documentation requiring revision of over
30 percent of the origins] pages shall be sub-
mitted ss a total revision identified by a letter
changs. . .

b. Documentation requiring revision of less
than 50 percent of the content shall be changed
by the submisgion of Document Revision
Notices (DRN). DRNs shall not be required
for documentation changes prior to initial sub-
mission or availability of the documentation.
The format of the DRN ahall be established by
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the [AC or PC and shall contain, as a mini-
mum, & title block identifying the documents
to be chenged, date, origiuator, etc., a descrip-
tion of change, section identifying the old and
pew information, o reference to the related
AFSCM 373-1 change proposal identifier,and s
signature approval block.

c. A DRN shall be forwarded with each vol-
ume initially submitted. In this case, the text
within the body of the DRN under “Description
of Change™ shall state “Initia) Submission.”
A dasii (—) shall be entered as the identifier
following the document number.

d. A DRNXN shall be used to forward each
change submitted. In this case, the description
of change informstion shall, in addition to
describing the change, reference each affected
element of the system engineering documenta-
tion; i.e., function number, number identifying
the design sheet (CEI number), paragraph ref-
ereace, etc. The DRN will be identified with
the revision letter of the document to which it
applies followed by a sequentially sssigned
numeric suffix; e.g., “L)M 1234-C-2" would be
the seccad DRN issued against the C (third)
revision of the functionsl disgram identified by
drawing number LM 1234. When used to sup-
port AFSCM 375-1 change proposals, etc,
DR.is shall be appropristely amplified and in-
tegrated with the change proposal to completely
define and/or justify the basic system change.

e. Revisions directed by the SPO shall not be
constituted as authority to delsy documentation
change incorporation by means of DRN proce-
dures. A master file of complete change status
shall be maintained in & control location within
each participating contractor’s orgunisation.
This master dle shall at all times reflect the
current systerr configuration.
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DETAIL REQUIREMENTS FOR COMPLETING SYSTEM ENGINEERING DOCUMENTATION

1.0 PREPARATION OF PFUNCTIONAL FMLOW
BLOCK DIAGRAMS. Functional diagrams are
drawings, to be approved and released internally
within a contractor’s facility in the same man-
ner as other engineering drawings. Functional
diagrams are developed for the primary purpose
of structuring system requirements into func-
tional terms. and the main emphasis shall be on
acuracy and completensss rather tnan upon
format. However, as an aid in developing, in-
terpreting, and providing standardizstion nec-
essary to accomplish interfaces bet ween contrac-
tors. certain basic rules and symbols have been
developed and shall be followed, thenever
practical, in the physical layout of the func-
tionsl disgrama. These requirements are cov-
ered in subsequent paragraphs. The functional
identification and basic symbols for functional
diagrams are illustrated in tigure 8.

1.1 Function Numbering. Functions identified
on the functional diagrams at each level shall
be numbered in a manner which preserver the
continuity of functions and provides informa-
tion with respect to function origin throughout
the system. Functions on the top level func-
tional diagram shall be nurabered 1.0, 2.0, 3.0,
etc. Functions which further indenture these
top functions shall contain the same parent iden-
tifier and shall be coded at the next decimal level
for each indenture. For exampls, the first in-
dentured function of function 3.0 would be 3.1,
the second 8.1.1, the third 8.1.1.1, etc. For ox-
pansion of a higher level function within o
particular level of indenture, a numerical se-
quence shall be used to preserve the continuity
of function. For example, if more than one
function is required to amplify function 3.0 at
the first level of indenture, the sequence shall
be3.1,3.2,33,. . .3.n. For expansion of func-
tion 3.3 at the second level, the numbering shall
be 3.3.1, 3.32, 3.3.n. Where several levels of
indentures appear on a single functional dia-
gram, the same pattern shsll be maintained.
While the basic ground rule shall be to maintain
& minimum level of indentures on any one par-
ticular flow, it may become necessary to include
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severul levels to preserve the continuity of func-
tions und to minimize the number of flows
required to functionally depict the system. The
generl criteria for the number of functions and
level of indentures appearing on any particular
flow shall be accuracy and clarity of presenta-
tion based on judgment. _
1.2 Punctien Reference. Each functionsl dis-
gram shall contain a reference to its next higher
functional diagram through the use of & refer-
ence block. For example, function 4.3 should
be shown as a reference block in the case where
the functions $.3.1, +.3.2, 4.3.n, are being used
to expand function +.3. Reference blocks shall
tlso be used to indicate interfacing functions ss
appropriate.

1.3 Function Block. Each separate function
on a functional diagram shall be presentad in a
single box enclosed by s solid line as depicted
in figure 8. Blocks used for reference to other
flows shall be indicated as partially inclossd
boxes labeled “Ref.” Esch function may be as
gross or detailed as required by the level of
functional diagram on which it appears, but it

‘shall stand for a definite. finite. discrete action

10 be accomplished by equipment. personnel, fu-
cilities. or any combination of the three. Ques-
tionable or tentative functions shall be inclosed
in dotted blocks as depicted by figure 8.

1.4 Few Connection. Lines connecting func-
tions shall indicate only the functional flow, and
shall nct represent either s lapse in time or any
intermediste activity. Vertical and horizontal
lines bet ween blocks shall indicate that al! func-
tions so interrelated must be perfarmed in either
o parallel or series sequence as indicated. Di-
agonal lines may be used to indicate alternative
sequences (cases where alternative paths lead
to the nexc function in the sequence). In this
Intter case, the use of a diagonal line indicates

that any of the functions so interrelated will

lead to the next indicated function.

13 Flow Direction. Functional diagrams
shall be laid out so that the functional flow is
from left to right and the reverse flow, ia the
case of a functional loop, from right to left.
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Primary input lines shall enter the function
block from the left side; the primary output
or “go” line shall exit from the right and the
“no go” line from the bottom of the box. How-
ever, where other considerations dictate a dif-
ferent arrangement to highlight a physical ares,
level of maintenance, or other significant con-
sideration, s different arrangement might be
employed.

14 Summing Getes. A circle shall be used
to depict a summirg gate. As in the case of
functional blocks, lines shall enter and/or exit
the summing gate as appropriate (reference
fig. 8). The summing gate is used to indi-
cate the convergence or divergencs of parallel
or alternative functional paths and is anno-
tated with the terms “AND” or “OR.” The
term “AND” is used to indicate that parallel
functions leading into the gate must be sccom-
plished before proceeding into the next function
or that paths emerging from the “AND" guate
must be acomplished after the preceding func-
tion. The term “OR" is used to indicate that

10 March 1966

any of several alternative paths (alternative
functions) converge to or diverge from the
“OR"” gate. The "OR" gate thus indicates that
alternative paths may lead to or follow a par-
ticular function.

1.7 GO—NO GO Paths. The symbols “G”
and “G” are used to indicate “GO" and “NO
GO” paths. The symbols are entered sdjacent
to the lines leaving a particular function to in-
dicete alternative functional paths (reference
fig. 8).

1.8 Numbering Procedure for Changes te Func-
tienal Diegrams. In order to provide a rapid
means for changing flows without causing ex-
tensive or chain reaction revision of numbering,
the following procedure shall be used. Addi-
tions of functions to existing data shall be ac-
complished by locating the new function in its
correct position without regard to sequence of
numbering. The new function shall be num-
bered using the first unused number at the level
of indenture sppropriste for the new function.
Ezample:

2.5 2.1 2.2 2.3
Aded - Original #{ Original P~ Original
Punction Punction Aumnction Punction

2.k

Added ‘

Function

When previously established functions must be
redelagated to s different functional string, the
function to be moved shall be considered retired
and the new location of that function shall be

Flow A

11 [—ss1.2 }-—.E

considered as & new addition to the acquiring
smrings and chall be treated as above
Exzample:

Change: Function 4.3 from Flow B to Flow A.

Flow A Changed

1.1

P

Flow B
b1 b.2 3|
Flow B Changed
1.3 .1 4.2
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1.9 Example of Functiona! Diagram. For ex-
amples of functional disgrams, reference at-
tachment 2.

1.10 AFSCM/AFLCM 310-1 Data tem Number.
Reference S-32-6.1.

2.0 REQUIREMENTS ALLOCATION SKEET. Re-
quirements allocstion sheets (RAS) shall con-
tain an analysis of each function or group of
functions depicted on the functional diagrams
and sha’l be submitted in the format® presented
in fizure 9 in sccordance with the following
requirements:

Block 4—Refarence the title and number of
the drmwing containing the functional diagram
from which the functions being analyzed orig-
inated. When the RASs are used to document
the analysis of the functions on the end item
maintenance sheets, enter the nomenclature and
number of the CEI. The number shall be the
applicable CEI number, of index number (ref-
erence column E2).

Column B—Enter the name and number of
each biock on the referenced functional diagram
in numerical sequence. Subfunctions which
evolve as a product of the RAS anslysis but
which are not identified as discrete functions on
the functional diagram may be identified in this
column to minimize unnecessary diagram ex-
paasion. Functions shall be expanded by s list
of these subfunctions only when sdditional de-
sign requirements are gensrated. ~When the
RAS is used to document the analysis of the
functions on the end item maintenance sheet,
column B shall contain the following :

1. Line item—the horizontal line number
entry on the end item maintenance sheet.

£. Description of the maintenance func-
tions on the end item maintenance sheet.

Column C—This column contains design re-
quirements which result from analysis of the
function identified in column B. These require-
ments shall ba developed and expanded in detail

to provide technical criteria for Wﬂ
and evaluating methods of satislying

functional requiremaent in terms of & given com-
bination of equipment, facil:ties, and personnel.
These requirements are developed in equal depth

SNOTE: Format sise and tyang for all ahesta To
quired by this attachwmpent uhall be commaensurate with
good commercisl practice. reascpablepess of cost, and
providing a copy which is legible and convenicnt to use.
The sheet aise and typing shall be coord nated between
SPO and all contractors to iasure uaiformity amoog
contractors.

ANachment 1
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for maintenance functions reflected on the main-
tenance sheets as well as operational and main-
tenance functions identified on functionsl
diagrams. The objectives of the design require-
ment entries are to (1) establish fur.ctional and
design requirements for inclusion in the design
sheet and, subsequently, into the requirements
section of the Part I Detail Specification; (2)
initiate recognition of intrasystem and intersys-
tem interface requirements and facility require-
ments: and (3) initiste recognition of personnel
requirements. Design requirement eatries shall
include:

1. Description of the function including
the “what"” and “why” of the function; i.e.,
snswering the questions: Why is the function
necessary?! Why should the functions be ac-
complished at this point in the sequence of
sctions! What engineering characteristics of
this functon are related to engineering charac-
teristics of another function i

£. Specific design characteristics created by
the function; ie., input, output, performance
values, and allowable quantitative tolerances.
Include maintenance requirements as applicable
such as checkout limits, calibration limitations
and requirements, accessibility requirements,
limiting prerequisites such as identification of
pressurizad and toxic environments, critical dis-
assembly requirements, etc. Detail should be
sufficient for direct use as criteris which ini-
tiste and control the system and systew element
design. Included should be technicsl detail
sufficient for engineering to extract portions of
one or more RASs and in conjunction with
schamatics reassemble them into the design sheet
as integrated design requirements.

4. Requirements which constrain or have
significant infloence on design such as power,
physical dimension and weight, controlled and
nstursl environment, and human performance
capabilities and limitations. Time constraints
either created by or constrsining the function
sball be identified. Illustration of such ocon-
straints might be cowaputation-solving times,
ocountdown or event timing, snd time budget
allocations established as s part of system svail-
ability or effectiveness studies.

4 Requirements for effectivencss fac-
tors (ia, reliability, masintsinability, and
transportability), safety, snd survivability/
vulnersbili

ty.
§. Functional and technical interface re-
quirements evolving from anslysis of the func-
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tion shall be separately identified to facilitate
interface surveillance and collection. The re-
quirements deacribing the interface shall be
specific and quantified. Where intersystem in-
terface is specitied, the configuration of that
system shall be specified together with the tech-
nical characteristics of the interface. NOTE':
Where the above requirements are products of
Trade Study Reports or other backup studies,
specifications, etc., a specific reference to that
document shal! be made.

Column D—This column shall contain the
facility requirements imposed by the design re-
quirements in column C. The entries shall
identify :

1. Controlled and natural environmental
mauirements: e.g., temperature and humidity
ranges, illuminstion and noise levels, wind and
snow loading, precipitation, penetration and
abrasion effect, snd atmospheric pressure.

£. Utility requiremeints; e.g., power (elec-
trical, hydraulic, etc.). air conditioning, venti-
lation, and heating to be satisfied by the facility.

3. Civil/structural/architectural require-
ments. Requirements for structures shall be in
terms of functional requirements, induced en-
vironment, and minimum dimensions. Require-
ments for space, access, and monitoring in exist-
ing structures shall be described in terms of
minimum dimensions necessary to sccommodate
the equipment.

4. Facility equipment, if identified earlier
in the system engineering process.

The following is a list of considerations for
specifving site. building, and specis] equipment
requirements:

1. Site Preparation:

a. The need for disposal of commercial
and domestic wastes, and whether buried serv-
jces (electrical, telephona, water, gas, propel-
lants) are required must be stated.

b. To support road and rail requirements,
such items as maximum wheel load, radius of
turns, widths, mazimum grsde, and parking
needs must be stated.

¢. To determine clearances for facilities,
define acoustic, blast including fragmentation
pattern, and toxic levels, as well as security and
Access requirements.

2. Buildings:

a. Occupancy of a building must be de-
fined by comsidering its prime function, the
number of personnel it must sccommodate, the
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services it must provide. and whether or not
time is a factor.

b. Dimensional requirements evolve from
the con:rolling features of the major item to be
housed (such as transporter dimensions).

. ¢. Heating and ventilation requirements
are established from equipmeat operational
and/or personnel needs. Environmental re-
quirements derived from such nseds should be
stated in specific terms, such as “Room tem-
perature shall range from 70°-80° F. dry bulb
and relative humidity shail not exceed 55 per-
cent at 80° F. dry bulb. Heat dissipation
of — B.t.u./hr. will be emitted from the
equipment.

d. Acoustical requirements are estab-
lished to insnre acceprahle n ise leveis.

¢. Communications requirements (ex-
cluding electronic gear) for cabling, towers,
ducts, and public address systems are derived
from the urgency of certain tasks.

1. Services such as electrical power re-
quirements must be stated in volts, ampersge,
or KW load and frequency; illumination in
terms of required intensity; and water in terms
of required flow and pressures.

3. Special Equipment:

a. Crane requirements must be supported
by the required capacity, number of hooks, en-
velope to be serviced by the crane, speed of
hook, or bridge travel.

b. Elevators should be supported by their
prime use, required capacity of freight/pas-
sengers, number of floors to be serviced, and
whether operation should be manual or suto-
matic.

¢. Requirements for moving platforms
shall state access, location (including required
elevators), capacity, and manusal or power opes-
ation, as well as time elements involved.

d. Mobile structures are defined by their
prime use, loading, envelope of service, time
elements, special requirements, services on
structure, and personnel involved shall be
stated.

e. Power generation requirements must
be supported by the criticality of designated
loads, their demand and load vs time pattern,
and reliability of service required.

/- Propellant storsge requirements must
state fuel to be stored, its toxicity and handling
hazards, capacity required, pumping and trans-
fer method, and whether fire water systams and
decontamination systems are required.

Attachment 1
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{For facility system engineering contractors.
this column shall contain requireinents on other
RPIE subsystems or civil/structural/architec-
turn]l requirements imposed by the critical
RPIE subsysteras under analysis in colvmn C.)

Column E:

Column E!—Enter the short-form nomen-
clature of the end item of AVE, CGE, MGE,
AAE. or facility equipment, or items of equip-
ment for which a design sheet or applicabite
Detail Specification is not required. Once
nomenclature is used agninst a given function
ot within a given function, the item may be
wenuitied thereafter by nwnber if available.

Column E£2—Enter the CEI number or ap-
plicable Detail Specification number or index
number corresponding to the nomenclature.

{Items necessary for the support of the mission
not identified on design sheets or Detail Speci-
fications shall be identified by an index number.
A list of these items shall be prepared and
maintained by the integrating or prime con-
tractor with inpute from associate contractors.
Exzamples of these items include locally pro-
cured/base purchased. technicel operating
equipment, vehicle authorization list, locally
manufactured items, special tools, and common
hand tools. Greases, lubricants, abrasives, etc.,
shall also be identitied. The list must contain
the Federal stock number and LP/BP coding
or the manufacturer’s identification if the FSN
is not available and usage and quantity recom-
mended. The list shall identify the specific
itemn and reference the RAS on which the re-
quirement for the item originated. Iudex num-
bers shall bo sssigned by the integrating or
prime contractor to each item in the list to pro-
vide an sppropriate reference number for the
RASs. Care should be taken in assigning
index numbers to prevent duplicating CEI num-
bers.) AFR 67-3 should be used as a guide in
determining locally procured/base procured
items.

Column F—For functions that are to be com-
pletely automated and will not involve person-
nel, this colump may be eliminsted. For these
functions a separate theet may be used with
columns B, C, D, and E oaly for efficient
presentaticn.

Column F1—Enter the buman perform-
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ance task requirements which constrain or sig-
nificantly adect accomplizhiment of the require-
ments stated in columns B and C. These task
requirements shall be specified tc -he level of
technical depth rhat vill facilitate identifica-
tion of human engineering requirements and
provedure development. Detail task identifica-
tion and analysis ( wiien required ) shall be a sep-
arate but correluted edort. DProcedural instruc-
tions shall not be included. s task is defined
as a concise statement of a unit of work that
cannot be reduced into two or more significant
parts.  1f a breakdown of a ~tatement of work
would result in stating obvious actions such as
“Bolt in place” or “*open access door,” the break-
down is not ro be considered ~icnificant. If a
statement of work to be performed by equip-
ment, facilities, personnel. or sone combination
thereof, can be broken into two or more sig-
nificant parts. it is a function. For example,
~Install communication equipment™ can be bro-
ken into at least two significunt parts: “Install
transmitting equipment” and “Install receiving
equipment.” Task requirement :hall be identi-
fied by ulpha-numeric extensions of the func-
tion number in column B. For example, func-
tion 3.1.2 would have corresponding tasks
numbered 3.1.2.a, 3.1.2.b. etc., 3.2.1.n, with task
breakdown numbered 3.1.2.a.1. 3.1.2.0.2, etc.

('olumn F2—Enter the elapsed time re-
quired to nccomplish the task in seconds. min-
utes, hours, or days to the first decimal. Use
S=sec., M=min., H=hour, D=day,eg,35 S
means 3.5 seconds.

Column F3—For the task requirements
outlined in F1 which demand human perform.
ance, make the following entries as appropri-
ate:

1. Crew coordination: i.e., if the task
requires more than one person, define the co-
ordination requirement, including the commu-
nications necessary, 1f any, and number of per-
sonne] involved.

2. Job knowledge; ie., state whether
tbeory of operation is required or just an un.
derstanding of the procedures necessary to ac-
complish the task.

J. Making decisions; i.e., if the task re-
quires judgment or decision, summsrize action
and the criteria which control that action.
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4. Safety procedures; ie, if the task
requires more than normal caution to prevent
injury to personnel, or oquipment malfunction,
summarize the procedursl criteria which will
minimize risk.

S. Performance under stress; ie, if
the personnel actions are to be performed un-
der time or technical stress, summarize the sig-
nificant conditions under which stress occurs.

6. Skill demands for critical tesks; is.,
define perceptual judgmental, and motor de-
mands.

7. Define suscenance and other life
support requirements imposed by the functions
and design requirements.

Column F,—Enter training and train-
ing equipment requirements to indicate the
extent of training required and whether train-
ing equipment or aids are required as well as
the recommended type for the functions an’
tasks identified in columns B and F1. The ¢cl-
lowing code shall be used to indicate the extent
of treining required :

X Requires no training.

A Requires a general familiarization
through discussion and/or demonstration.

B Requires a briefing on the knowl-
edge or job task to meet the job requirements;
does not need to apply the information received.

C Requires a briefing on the knowl-
edge o¢ job task to meet the job requirements;
needs to apply the information received in &
non-job-like situation, such na written tests or
verbal problem-solving situstions.

D Requires a briefing on the knowl-
edge or job task; needs to perform or spply
representative portions of the job task or knowl-
edge in s job-like situstion either on actusl
equipment or trainers.

E Requires a briefing on the knowl-
edge or job task; needs to perform the complete
job task or apply the knowledge in & job-like
situation on sctusl equipi. 20t or trainen.

F Same a3 E but performed s suffi-
cient number of times to insure proficiency in
a1l phases of performance.

(The training equipment or sids recommended
shall be ons of the following three classes . class
1 includes trainers such as (1) mission simula-
tor, (2) part-task trsiner, (3) training attach-
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ments; class II includes actusl AVE, OGE,
MGE, or facility end items and parts and com-
ponents thereof ; and class 111 includes training
aids such a8 (1) animated panels, (2) catways,
(8) exploded or site displays, (4) training films,
(8) charts and transparencies. Requirements
for mobile training units (MTUs) shall be
identified. For truining equipment end items,
the CEI number of applicable Detail Specifica-
tion number shall be entered in this column as
appropriate.)

Column G—Functions which produce com-
plicated or hazardous requirements involving
personnel will generally dictate the need for
procedural information. Column G provides
tne means for assuring that the contractor has
considered available data, and, where not avail-
able, has programed development of the proce-
dural dats. Eatry in this column shall in all
cases be specific. For engineering development
programs where a technical order contract bas
not been established, enter the nomenclature,
number, and type of procedursl data available
or to be established (test directives, test proce
dures, or specific equipment procedures).
Where the requirements are applicable to opers-
tional military programs, include the T.0. nam-
ber in existence or to be established ; the type of
T.O.; e.g., operating instructions, ax'plonva ord-
nance instructions, snd calibration require-
ments. Include the applicable T.O. preparation
specification against each type of data to be pre-
psred. Commercially availsble publwsum
msay be applicable to either development engi-
neering efforts or operations! military pro-
grams. Application of these data shall be indx
cated by title, document number, and supplier.
In any category previously described, changes
required to make existing procedural data suit-
able for the technical requirement involved ahall
be noted by a parenthetical (c) following doru-
ment number; i.e., Sperry Gyro 25656 G (¢) or
T.O. 21m-L6M 28C-1-2CL-8 (¢). - .ody-. .
2.1 dentifying Infermatien. Appropriate
identifying information, including the revision
letter, date, approvel, document numbor, and
page number, shall be entered at the bouom of
the sheet. e
2.2 txemple of RAS. For an example of s
RAS, reference attachment 2. O,

Aftachment 3
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Reference S-53-64.
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3.0 TRADE STUDY REPORTS. The content of
the study report may consist of extracts from
designer’s notebook, contractors’ internal mem-
orandums, minutes of meetings, reductions of
presentation charts and formal engineering re-
ports, etc., as long as the study report contains
as a minimum the following:

3.1 identification ond Listing of Functional and
Technical Design Requirements for Trade-Off.
Identify and list the functional und technical
design requests which are subject to trade-off.
The functional requirement is listed first, and
then related technical design requirements are
listed. For example. ~Determine quantity of
loaded propellant” would’ be a functional re-
quirement and “The propellant loading meas-
uremsnt system must be capable of indicating
the quantity of propellant loaded to each tank
to an accuracy of =.35 percent by weight of
propellant required” would be a design require-
ment. Immediately following each listed re-
quirement, a reference shall be made which iden-
tifies the source of the requirement if available;
this reference shall consist of the title, file num-
ber, date, page number, and paragraph number
from which the requirement statement was ex-
tracted.

3.2 identification of Pessible Design Ap-
preaches end Then Design Cheracteristics. List
the possible design approsches and ideatify sig-
nificent design characteristics of each design
approach. Ultilize any weighting provided in
the contract work statement. The list would be
generated concurrently with the above require-
ments. Only reasonably attainable design ap-
proaches shall be pursued considering technical
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capabilities. cost. time <chedules. reaource limi-
1ations, or otner consir.iitrs ns ~pr ied g e
tem requirement documentation. For each po-
tential and alternative design approach listed,
the contractor shall identify significant ap-
plicable characteristics. These charncteristics
shall relate and Ve restricted to the attributes
of the design appronch bearing most directly
on its feasibility in relation to the requirements
set forth ubove. The significant characteristics
shall reflect predicted impact on such factors as
cost, effectiveness, personne) and training re-
quirements, technical orders, schedules, per-
formance, survivability, vulnerability, growth
potential, facilities, security (clandestine wul-
nerability), transporiability, procurability, and
producibility.

3.3 Comparison Motrix of Design Approaches.
Prepare a matrix to compare the design char-
acteristics for each design approach to deter-
mine the degree to which the design spproaches
satisfy the functional and technical design re.
quirements. Thse objective is to facilitate rapid
comparison and evaluation of potential design
approaches and to allow preliminary screening
out of those design approaches that are incon-
sistent with the functional and technical design
requirements. For submittal purpoees, the con-
tractor should attempt to combine the matrix
information required with the information re-
quired in paragraph 3.2 above. Where appli-
cable, include cost-eflectiveness models and
cost-analysis data.

3.4 Selection of Design Appreach. Select the
moet promising design approach and provide
reasons to substantiate the selection. The res-
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sons given for the sslection shall be in the form
of schemsatic diagrams, outline drawings, in-
terfece details, functional disgrams, reliability
data, maintainability data, statistical inference
data, and narrative and any other backup dats
deemed necessary to support the mlection. The
reasons shall cover the requirements the selected
approach imposss on other areas of the sys-
tem. The requirements imposed on facilities
training, training equipment, human perform-
ance, and procedural data shall be determined
and entered on the RAS, ,
3.5 Trede Siudy Repert index. The contractor
shall prepare and maintsin s current Trade
Study Report index identifying all the trade
studies required, the studies completed, and
those to be completad.

3.6 GExample of Trode $iwdy Repert. For an
example of » Trade Study Report, reference
sttachment 2.

3.7 AFSCM/AFLCM 310-~1 Date ftem Number.
Reference S-54-6.1.

40 SCHEMATIC BLOCK DIAGRAMS. Sche-
matics shall be prepared to identify (1) inter-
system relaticnships (e.g., s command/control
system, intarfaces with a strategic weapon >
tem, etc.); (2) intresystemn nhuomlnpa, in-
cluding the relstionship between constituent
elements of & subsystem; e.g., in & communics-
tion subsystem interfaces betwesn closed-circuit
TV, work station intercom, remotes site commau-
nication, spacecraft communication, etc.; and
(3) subordinate detailed schematics as required
to sugmant (1) and (2). sbove. The emsential
cha. of » schamatic is to delinests by
mathematioal, structural, mechanical, eto.) the
features and relationships of end items, subeys-
tems, components, and parta.  Schematic block
diagrams are used as the bags for reasssmnbling
functional snd technical requirements and cri-
teris as establisked and documanted within the
Trade Study Reports and RASs, into an inte-
gratad set of design requirenents comprising s
system (including interfaces with sther sys-
tems), an end item, or s group of related end
items. .
4.1 Detoll . Contont- -of - Schomeitc-  Diegrame.
The schematic shall be structured in & manner
that will show the functional interfaces and ap-
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portionment of requireents between major
gystems, within the system, betwean the ele-
ments of the system (equipment, personnel, fa-
cilities), and between end items; end-to-end
and/or closed-loop relationships; and the main-
tanance or checkout aspects of the proposed de-
sign. The amount of detail shown in the sche-
matic disgram will vary depending upon the
point in time that the schematic is prepsred, the
level of information available in the RAS and
trads studies, and the level st which hardware
requirementa are being described (system,
major subsystem, msjor end item, black box,
etc.). Sufficient detai) shall be shown to illus-
trate how the design requirements are to be

. met. Assystam definition progresses, the sche-

matic diagrams are updated to incorporate new
requirements such as maintainability features,
self-test capebility, read-out indications, mon-
itoring capability, critical pressures, voltages,
and other quantitative expressions of system
performancs.

42 Chovecleristics of Schemetic Diegrams.
Schematic diagrams shall be prepared in accord
ance with standard engineering practioes, iden-
tifled and controlied ss drawings, and included
in AFSCM 375-1 specifications. Reference
MIL-STD-7 for definition and examples of
electronic and mechanical schematics. Sche-
matic disgrams shall have the following charse-
taristics in common (the diagrams and signifi-
cant elexmeonts within the disgrams shall be
uniquly identified to provide the basis):

s family of lower lovel of de-
uddwtrmsbhfromthatopdmor
from the bottom up.

b. Collecting and apportioning effective RAS
requirements or trade study requirements

qﬂng spplicable system or subsystem equip-

o. Idumﬂauon of major intersystem and in-

trasystem requirements and interrelationshipe.
43 ODesdleping Schematic Diogrems. The

"basio-techinique for developing schematic block

disgrams is illustrated in figure 10. The first-
leval schematic disgram shall be complets for
the subsystem or subsystems being developed.
The schematic shall depict & “closed’ Joop'
mdud.mg blor.k dzplcnon of munyum
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Top Lover Iavel
Functional Functional
Diagrams Diagrams
(st Level)
Basic Mechanize Into ~ {3valuate Empact
Systen A Top Hardware/ of Nechanization
Requirements peme Facility Block Decision &
Schematic Identify
Requirements
(204 Level) (32 level)
yathesize Detailed 7elop End to
Requirements and End Drewvings on
Develop Subsystenm a "Puncticn
Schematics Parformed” Basis

Pgure 10.  Busic Toechnique for Developing Schomatic Block Diograms.

4.3.1 Second-level detail diagrams shall be
technical expansions of first-level diagram and
will relate contract end items (CEI) within the
subsystem. Input and output expansion shsll
be related to the interfaces expressed in the
first-leve! diagrams.

4.3.2 Third-level detail diagrams shall be
organized functionally to define significant end-
to-end system logic across all hardware and fa-
cility interfaces involved; i.e., power subsystem,
launch control, flight sequence, msifunction de-
tection and control, etc. Hardware designators
established in first- and second-level detail
schematics shall be used aguinst the logic ele-
ments to depict interfaces with facilities and
equipment and maintain a traceable relation-
ship to the other schematic diagrams. For
those functions to be accomplished which sre
time critical in any system such as computer
sequencing, launch control, staging, etc., time
shall govern the layout of the drawing; ie.,
reading from left to right, one begins with the
initiasl functions and proceeds so that the oper-
ations sequence of all applicable hardware is
clearly shown.

4.3.3 Third-level detail diagrams shall have
significant wave forms, voltage levels, pres-
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sures, etc., appropriately noted in the diagrams.
Within the preparation cycle, third-level dia-
grams are prepared prior to or concurrently
with preparetion of the applicable Part I De-
tail Specifications and serve to insure end-to-
end system integrity at n detailed logic level.
4.4 Example of Schemotic Diagram. For ex-
amples of schematic diagrams inciuding a fam-
ily of related sclwe.natic diagrams, reference
attachment 2.
43 AFSCM/AFILCM 310-1 Dota itemn Number.
Roference S-55-6.1.
S.0 TIME LINE SHEEY. Time line sheets shall
be submitted in the format presented in figure
11 in sccordance with the following require-
ments

Block A—Enter the time-critical functions
sppearing on functionsl diagrams. Functions
shall be considered time-critical when the esti-
matad time required to perform the function
dirctly affects systam design reaction time or
down time. Time-critica! functions may or
msy not involve human performance.

Block B—Enter the location where the func-
tions and corresponding tasks (if spplicable)
are to be performed.
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or
PUNE TION NE( ) (BAR OIART

AAMCTION AND CORRREPONENtS TAIKS OF APPLICARLE)
]

B L e e e M

RO oAty

Fgwre 1V,

Blosk C—This entry is applicable only for
functions involving mainzenance. When appli-
cable, indicate preventive or corrective mein-
tenance.

Column D—Enter ithe functionsl disgram

drawing number, function block number, and
document number of the RAS containing the
function. -Enter the end item maintenance
sheet line item and CEI number whenever the
fuonction has been derived from the end itam
maintenance sheet.

Colurm E—Enter the functions and corre-
sponding tasks (if applicable) contained on
functional diagrams or RASs. Corresponding
tasks will not be applicable for all time-critical
functions. For time-critical functions involv-
ing human performance, identify the Air Force
specialty code (AFSC).

Coilumn F—Enter the elapsed time estimated
to sccomplish functions and corresponding
tasks if applicable in seconds, minutes, hours,
or days to the first decimal in bar chart manner.
The total time in days, hours, minutes, and/or
seconds shall be entered st the ond of each time
bar. Use S=sec, Memin, H=hour, D=dsy;
e.g., 3.6 S means 8.0 soconds. Time estimstes
shall sssume optimum utilization of equipment
and personnel.

5.1 Identifying Infermatien. Appropriste
identifying information including the revision
letter, date, approvsl, document number, and
page number shall be entered at the bottom of
the sheet.

$.2 fExemple of Time Line Sheet. For an ex-
ample of s time line sheet, reference sttach-
ment 2.

APPROVAL

COOUMENT WO, PAGR MO, _OF_

Time Une Sheet.

5.3 AFSCM/AFLCM 310=1 Data Item Number.
Reference $=56-6.1.

6.0 DESIGN SHEET. Design sheets, utilizing
source information from the RASs, shall be
prepared according to the format shown in
figure 12. A design sheet shall be required for
each prime equipment CEI. facility CEI, and
modified inventory equipment item or engi-
neering critical component, but is not require
for identification items, unmedified inventory
equipment items, or company standard parts.
The contrector may find it necessary to utilize
additional internal documentation to supple-
ment the design sheet in order o establish and
maintain control of his design effort. Such
supplementary documentation will not be in-
cluded in the Detail Specifications.

Block A—Enter the short-form nomencls-
ture of the contract end item, and abbreviated
category of equipment ; i.e.,, AVE, OGE, MGE,
AAE, or facility equipment.

Block B—Enter the CEI or critical com-
ponent code identification detail specification
number assigned to the item. These numbers
shall be assigned in accordance with the require-
meats in exhibit X, AFSCM 375-1.

Column C—The information entered on the
design sheet shall orgrnize the requirements
under the paragraph headings shown in figure
12. Each design sheet shall contsin both a
“Requirements” section (section 3.0) and »a
“Quality Assurance Provisions” section (sec-
tion 4.0), which physically become sections 2
and 4 of Part I Detail Specifications. Whe
appropriste, indicate the function block number

appesring on the functional disgram or the

Anaochment




AFSCM 375-~5

line item number/master control number ap-
pearing on the maintenance sheets which gen-
ernted the particular requirement. This
function source reference shall be entered im-
mediately to the left of the applicable require-
ment. The subparagraphs of section 3.0,
“Requirements.” shall contain, in addition to
the basic requirements. a description of the
contrnctor's intended design approach which
describes how the requirement will be satisfied.
The design sneets for prime equipment CEls
and for technical support real property
ITSRP) facility CEIs shall comply with the
paragraphing requirements in exhibit 1I,
AFSCM 375-1. The design sheets for nan-
technical support real property shall comply
with the paragraphing requirements in exhibit
ITI, AFSCM 375-1. The content requirements
for these paragraphs are repeated here for
convenience, and in some instances requirements
have been expanded to provide additional in-
formation. These additions are identified by a
verticnl line in the margin opposite the addi-
tion. For those paragrphs which do not apply
to the CEI covered by the design sheet, the title
of the paragraph and the comment “N/A" (not
applicable) shall be entered.

6.1 ldentitying Informatien.  Appropriate
identifving information including the revision
letter, date. aDpproval, and page number shall
be entered at the bottom of the sheet as
indicared.

6.2 Example of Design Sheet. Foranexample
of a design sheet, reference attachment 2,

6.3 Paragraph Content Requirements fer Prime
fquipment and TSRP Fadlity Clls Sectien 3,
“Requiremients.” This section shall contain
performance and design requirements for the
CEI. This section shall include the functional
requirements for the CEI and establish require-
ments which are suitable for proof during test.
This section shall define the CEI and specify
design constraints nnd standards necessary toin-
sure compatibility of the CEI with existing in-
ventory as appropriate. For CEIs which di-
rectly support systems, performance and design
requirements included are allocated from, iden-
tical with, or in recognition of, requirements
established by the system specification. Re-
quirements included herein shall be specified in
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terms of the CEI itself and not by reference to
equipments/facilities with which the CET must
be compatible. Quantitative requirements shall
be included within the principle subparagraphs
set forth below.

Paragraph 3.1. “Performance.”’ This pars-
graph shall specify CEI performance in terms
of functional requirements. This paragraph
shall include requirements which are suitable
for proof during test and which establish the
capabiiity of the CEI as viewed by the ultimate
user. Requirements included herein shall be
specified to the level of detail necessary to est.nb~
lish limits for desizn. Quantitative require-
ments shall be specified within the two principle
subparagraphs included herein.

Paragraph 3.1.1. “Functional Clarcteris-
tics.” This peragraph shall specify, within the
subparagraphs included herein, the limiting
functional characreristics of the contract end
item. This includes performance characteris-
tics which are established by and are the prod-
uct. of analysis as well as performance charac-
teristics which are determined by design. Quan-
titstive requirements shall be specified within
the principle subparagraphs included herein.
Where fairly complex functional interfaces with
other equipment CEIs exist, care should be
taken to assure that the required functiomal
characteristics represent requirements indicstive
of the basic “end result” function of the CEI to
be developed, as well as CEI specific input/
output characteristics. For example, functiona)
characteristics for an item of OGE required to
check out s space vehicle flight control system
shall include quantitative identification of the
flight control equipmeut parameters (and re-
quired tolersnces) to be verified by the OGE as
well as the direct input/output signal chsrsc-
teristics of the OGE item itself.

Paragraph 3.1.1.1. “Primary Performonce
Characteristics.” This psragraph shall specify
in subparagraphs as appropriate, the primary
performance characteristics of the CEL. Re-
quirements specified herein are the product of
analysis, stated in terms which do not presslect
design solution. “Primary performance char-
acteristics,” as used herein, are the limiting
perforroance parameters which must be speci-
fisd to constrain design when requirements es-
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tablished by primary mission/use of the CEI:
e.g., for sircraft, this could include limiting
mission profiles, armament, etc.: for an engine
‘this could include thrust, thrust to weight ratio,
etc. Requirements included herein shall be
stated in quantitative terms, within tolerances,
using standard, measurable properties of the
CEI itself. Primary performance characteris-
tics shall include power requirements and limi-
tation. Performance characteristics should be
specific enough to permit direct progression into
detail design effort. For example, in the case
of a space vehicle engine, n performance require-
ment to “provide sufficient thrust to propel the
space vehicle” is obviously too general to iden-
tify technically meaningful criteria. Rather.
specific vehicle dynamic limitations, engine
thrust requirements, engine ISP, sngine charac-
teristic velocity, etc., are required. Another
example would be & requirement for an item
to be compatible with a particular type of new
propellant. Rather than simply stating that
“the item shall be propellant compa: ole,” the
specific type of materials to be used in the item
in order to insure propellant compatibility may
ha required.

Paragraph 3.1.12, “Secondary Performance
Characteristics.” This paragraph shall specify
in subperagraphs as appropriate, the second-
ary charcteristics of the CEI. Performance
charactertics included herein generaily presup-
poee, or are recorded after, a basic design ap-
proach has been established, and in this sense
are s product of the design process. “Second-
ary performance characteristica’’ as used
herein, are thoss parameters which sre not nec-
essarily mission/use critical but which must be
specified to properly constrain complete design
of the CEI; e.g., for an aircraft this could in-
clude such things s ground towing speeds, vari-
ous emergency operstion characteristics, etc.;
for an engine this could incinde maximum con-
tinuous operating time at emergency rated
power,etc. Requirements included herein shall
be stated in quantitative terms, with tolerances,
using standsrd, measurable properties of the
CEI itself. For complex CEls, it may be nec-
eseary to specify secondary characteristics in
terms of functional subsystems to properly coa-
ol design. For example, considering the sir-
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craft of an aircraft weapon system as a CEI, it
may be necessary to index specific requirements
under hydraulics, fuel supply, or direct current
electrical system sithin the aircraft specifica-
tion. This indexing of requirements is accept-
able. This should be accomplished by address-
ing n separate subparagraph within paragreph
3.1.1.2 to each such subsystem grouping. Care
must be exercised when this method of specify-
ing requirements is implemented. It is not the
intent to permit the redundant specification of
performance characteristics for a given CEI
within the specification of n second CEI by
identifying the first CEI as a subsystem in the
second CEL. For example, considering again
an aireraft weapon system, it is not acceptable
to specify the characteristics for the engine in
the CEI specification for the aircraft. In this
case, the aircraft is a CEI and is specified in a
separate and distinct specification. The engine
is a CEI and is specified in a separate and dis-
tinct specification. The specification for the
aircraft would list, in paragraph 3221, the
engine as a CEI installed therein. There woul
be, in parngraph 3.2.1.2 of both the engine speci-
fication and the aircraft specification, an exsct
callout of the interface between the engine and
the airframe or a reference to the interface
drawings or other engineering documentation
which defines the interface and controls the
design of these two CEIs.

Paragraph 31.2. “Operability.” This pars.-
graph shsll specify performance requirementa
which are general measures of efficiency of the
CEI as viewed by the ultiuate user. This in-
cludes the clasic “ilities” such as relisbility,
maintainability, transportability, survivability,
vulnersbility, etc., as well as ability to operate
in the natural environment, human engineering
features, self-checking features, safety festures
etc. For CEIs which directly support systems
performance requirements included sre allo-
cated from, identical with, or in recognition of
requirements established by the system specifica,
tion. To the extent practical, such require-
meats shall be incorporated herein by referesice
to the systam specification and system documen-
tation. Quantitative requirements shall t
specified in subparagraphs to include thos.
stated herein. :
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Paragraph 3.1.2.1. “Reliability.” This para-
graph shall specify reliability in quantitative
terms, such as measures of availability, mean
time to failure, or duration of single downtimes,
whichever is appropriate and based on the cor-
rect system reliability measure. All measures
will include the definition of success (or fail-
ure) at a stated confidence level and time period
necessary for complete demonstration of relis-
bility requirements.

Paragraph 3122, “Maintainability.” This
paragraph shall specify maintainability re-
quirements for the CEI. Requirements shall
* be stated in quantitative terms (e.g., mean time
to repair, maintenance man-hours per operating
hours, etc.), with tolernnces or otherwise speci-
fied in 8 manner shich can be verified by in-
spection or demonstrated by test. Also included
shall be an explicit description of the mainte-
nance concept established for the item. The
determination of the maintenance concept shall
consider the nature and frequency of the ached-
uled and unscheduled maintenance require-
ments, the capability of military personnel to
perform the masintenance tasks, and the cost
of physical constraints of providing the neces-
sary maintenance resources. The maintenance
concept shall form the basis for justifying ac-
quisition of maintenance resources in range,
depth, and configuration. Also indicated shall
be the major factors which led to the establish-
ment of the maintenance concept. In addition,
maintainability-related characteristics shall be
specified in subparegraphs to include the
following :

Paragraph 3182.1, “Mawntenance and Re-
pasr Cyoles.” This paragraph shall specify re-
quirements for maintenance cycles for the CEI ;
e.g., scheduled organization maintenance every
25 operating hours, depot overhaul every 1,000
opersting hours, etc.

Paragraph 31222, “Service and Access.”
This parsgraph shall specify requirements for
ease of service, such as access doors, built-in
tools, self-test capability, inspection windows,
test jacks, sealed and life warranteC bearings,
expendsble plug-ins, etc. It shall include re-
quirments for capability of the CEI to be
drsined, discharged, snubbed or otherwise se-
cured, provided with quick disconnects, etc.
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It shall specify requirements for the operating
status of the equipment during service and/or
access; e.g., power on/power off, organizational
level remove and replace only, depot level bench
repair, etc.

Paragraph 3.1£3,“Useful Life.” This para-
graph shall specify useful life requirements for
the CEI. It shall include requirements for
shelf-life as well as opersting life, and combina-
tions thereof, and shall be compatible with para-
graph 3.1.2.2.1 in terminology used to specify
useful ife. “Useful life” is defined te be the
period from time of delivery of the CEI to the
procuring agency until its identity is destroyed
by classifying it as salvage and/or it is subjectad
to cannibalization.

Paragraph 8.184,"Environmental.” Stand-
ard of natursal and dynamic enviroment which
the CEI is to withstand shall be included here-
in; e.g., wind loading, snow loading, precipita-
tion, ranges in temperature: humidity; atmos-
pheric pressure and density; wind shear;
vertical velocities; turbulence; shock; accelera-
tion; noise and vibration: salt spray; sand;
dust ; penetration and abrasion. The standards
for space environment shall be included if ap-
propriate; e.g., energy irput from solar radia-
tion, particle mass and energy spectram, etc.
For CEIs which support systems this parsgraph
shall incorporate the applicable environmental
paragraphs of the System Specifications by
direct incorporation or by reference. For CEls
which require an artificia] environment at all
times the controlled environment shall be speci-
fied herein. In such cases, this paragraph shall
begin with the note “This CEI requiree s con-
trolled environment at sll times as specified in
this paragraph.” Constraints of the controlled
environment such as cooling air, air pressure,
mazimum and minimum tempersture and hu-
midity, illuminstion levels, and noise levels.

Paragraph 3185, “Transportadility.” Re-
quiremeats peculiar to transportability shall be
specified herein. Requirements peculisr to
“transport mode” specified in paragraph
32.1.2, “Detailed interface definition,” shall not
be redundantly specific in this paragrsph.
This paragraph shall specify restrictions on the
maximum dimensions and weight of the CEI
as crated for shipment snd shall include pecu-
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liar or unusual tie-down requirements imposed
by specified methods of transportation. If mo-
bility is a significant feature of this CEI, this
paragraph shall include the time, in terms of
man-hours and/or elapsed time, allocated to
prepare this CEI for transport. This para-
graph shall also specify detail requirements for
packaging and packing for shipment wherein
the packing and packaging methods themselves
require development and qualification. Mate-
riels handling requirements and, where possi-
ble. modes of transportation shall be specified.
Transportability criteria and limitations shali
be in accordance with AFR 80-18.

Paragraph 3126. “Human Performance.”
Human performance requirements for the CEI
shall be specified in this paragraph. For CEls
which directly support systems, this paragraph
shall cite the appropriate paragraphs of the
system specification which establizhes the hu-
man performance/human engineering require-
ments for all systems equipment and incorpo-
rate requirements peculiar to this CEI on an
“add” or “delete” basis. Include requirements
imposed upon the CEI to protect personnel
from environments which inhibit human
performance.

Paragraph 3.127, Safety.” Requirements
for this CEI which must be specified to
preclude or limit hazard to personnel and
equipment shall be specified. To the extent
practical, these requirements shall be imposed
by citing established and recognized standards.
For CEIs which directly support systems, this
parsgraph shall cite the appropriate paragraph
of the system specification which establishes
system safety requirements, amending it on an
“add" or “delete” basis for applicability to this
CEI. The requirements specified in this sec-
tion shall not duplicate requirements contained
in other sections. Limiting safety character-
istics peculiar to this CEI due to hazard in as-
embly, disassembly, test, transport, storage,
operation, and maintenance shall be specified
when not provided by standard industrial and
Air Force practices and regulations nor pro-
vided by the system specification. In addition,
“fail safe” and emergency operating restrictions
shall be specified. These shall include appli-
cable requirements for interlocks, emergency and
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standby circuits, etc.. necessary to prevent dam-
age to equipment or injury to personnel, or
recovery of the CEI in the event of damage or
failure. Requirements shall be specified in the
following subparagraphs as appropriate:
31274 Flight Safety.
31272 Ground Safety.
3.12.7.3 Nuclear Safety.
31274 Personnel Sufety.
31275 Ezplosive and/or
Nafety.

Paragraphs 32.“CE[ Definition.” This par-
agruph shall, in subp:ungraphs included herein,
specify the mechuanical and functional relation-
ship of the CEI to other equipments/facilities.
idennify ndividual criticad components inenr-
porated in the CEI which require individual
detail specifications.

Paragraph 3.2.1. ~Interface Requirements.”
This paragraph shall specify, either directly or
by reference. requirements imposed on the de-
sign of the CEI because of its relationship to
other equipment, facilities. This includes sche-
matic arrangement and -or other suitable data
which establishes limits for detail design and is
the product of system engineering. It also in-
cludes detailed interface definition, which is in
part the product of design and is developed dur-
ing the design and development of the CEIL
General and descriptive material may be in-
cluded in basic parngraph 3.2.1. Quantitative
requirements shall be included in the subpara-
graphs included herein. The interface require-
ments for the CEI shall include not only intra-
system interfaces but, where necessary, any in-
tersystem interface requirements.

Paragraph 32.1.1.“Schematic Arrangement.”
The relationship of the CEI to other equip-
ment/facilities with which it must interface
shall be graphically portrayed in this pars-
graph. This paragraph shall incorporate, in
subparagraphs as appropriate, either directly
or by reference, a schematic diagram, inboard
profile, or equivalent engineering drawing of
the CEI. The graphic portrayal of the CEI
shal! be accomplished to the level of detail neces-
sary to identify the existence of physical inter-
faces between the CEI and other identifiec
equipments/fuacilities. The graphic portrayal
shall be accomplished to the level of detail neces-
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sary to identify the nature of the interface. e.g.,
mechanical, hydraulic, electrical, communica-
tions, etc.

Paragraph 3£.12. “Detailed Interface Defi-
nition.” This parsgraph shall specify in sub-
paragraphs as appropriste, in quantitative
terms with tolerances, the mechanical and
functional relationship of the CEI to inter-
facing equipment and facilities, to the level
of decail necessary to permit detail design.
Mechanical relationship of the CEI to interfac-
ing equipment, facilities shall be expressed in
terms of dimensions with tolerances of the CEI
und related equipment/facilities, at the point of
contact, referenced to a common datum plane or
point. The means of mechanical connection
shall be specified; e.g., bolt circle; marmon
clamp, mounting pad, etc. Tolerances shall be
established to permit the widest practical lati-
tude in manufacture while maintaining the engi-
neering integrity of the CEI. Functional inter-
faces shall specify the input/output require-
ments of the CEI in terms of voltages, pressures,
accelerations, limiting temperature ranges,
thermal shock limitations, loads, purity require-
ments for chemiculs, etc. They may be the
result of direct mechanical interconnect of the
CETI to other equipments/facilities, or they may
be the result of performance relationship; e.g.,
autopilot gain and missile bending modes, fire
control response and aircraft pitch and roll
rates, etc. (In circumstances where there are
distinct modes for equipment (e.g., storage
mode, operational mode, transport modes, etc.)
and the functional interfaces differ with the
change in mode, the requirements shall be speci-
fied in & manner to be clearly identiflable with
each mode.) Tolerances established for func-
tions| interfaces shall be ss broad as practical
to permit use of unsophisticated equipment
while maintaining the enginesring integrity of
the CEI. This peragraph shali incorporate,
either directly or by reference, interface draw-
ings and/or other engineering documentation
necessary to specify the mechanical and func-
tionsl interfaces of this CEI with other squip-
ment/facilities. .

Paragraph 322, “Component [dentification.”
This paragraph shsll identify, in the subparsa-
graphs included herein, components or compo-
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nent equivalent items incorporated in the CEI
which, because of their engineering or supply
significance, must be individually specified.
This paragraph shall list these items within the
categories established and defined in the sub-
paragraphs included. The terms “component”
and “property,” as used in this paragraph, in-
clude both mechanical assemblies such as mo-
tors, drives, etc., as well as materials such as
hydraulic fluids, fuels, lubricants, bonding
agents, etc., and includes tapes and/or EAM
decks, containing computer programs, if part of
the CEIL

Paragraph 3221, “Government-Furnished
Property List.” This paragraph shall list the
Government-furnished property which the CE.1
must be designed to incorporate. The listing
shall identify the property by reference to its
nomenclature, specification number, and, if ap-
propriate, its CEI number or part number.
The term “Government-furnished property,” as
used herein, includes other CEIs which as-
semble into a given CEI as well as components
and materials which must be incorporated into
the design of the CEI. NOTE: The GFP list
is & product of the definition phase and shonld
be available prior to the design and develop-
ment portion of the scquisition phase.

Paragraph 3222, “Engineering Critical
Components List.” This paragraph shall list
the engineering critical components within the
CEIL. The term “Engineering critical compo-
nent,” as used, is defined to be a component or
s component equivalent item which, because of
its complexity, the critical impact of its poten-
tial failure, anticipated producibility problems,
or the qualification of which can be extrapo-
lated to and be sccepted as complete qualifica-
tion for the CEI, must have an individusl speci-
fication which includes qualificstion require-
ments. Engineering critical components sre
further defined to include all computer pro-
grams which are a part of the CEI. Engineer-
ing critioal components shall be identified by
nomrenclature, specification pumber, and, if ap-
propriste, basic part number. Components
other than thoee listed as engineering critica’
shall be corsidered individually qualified, for
purposes of reprocurement to support the CEIL,
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upon acceptance by the procuring agency of the
CEl itself as a qualified item.

+ Paragraph 3223.* Logistics Critical Compo-
nents List.” This paragraph shall list the logis-
tics critical components within the CEl. Logis-
tics critical components or component equiva-
lent items are those items which are selected for
maultiple source reprocurement in suppere of the
CEI and thus require individual specifications.
Logistics critical components shall be identitied
herein by their nomenclature, specification num-
ber. and, if appropriate, part number. NOTE':
This list of items iill. in general. closely paral-
lel the list of vendor-supplied items which the
contractor procured from outside sources for
assembly into the CEI. The individual speci-
fications for logistics critical items will nor-
mally be delivered to the procuring activity at
the time of delivery of the qualification data on
the CEI iteelf. The procuring activity will
establish requirements for the selection of logis-
tic critical components and for the delivery of
specifications for them as part of the design and
development contract. This paragraph of the
specification shall be amended to incorporate
individual logistics critical items as they are
identified during the progress of design and
development.

Paragraph 33. “Design and Construction.”
This paragraph shall specify design and con-
struction requirements for the CEI. This in-
cludes both general design features, e.g., dimen-
sions and weight, as well as detail standards
and specification, which must be satisfied by the
design and construction of the CEI. To the ex-
tent poesible, requirements included herein,
other than those included in paragraph 3.3.1,
shall be specified by reference to established
military standards and specifications. For
CElIs which directly support systems, the con-
tent of subparagraphs included herein, with the
exception of paragraph 3.3.1 and subparagraphs
thereto, represents recognition of a requirement
established within the system specification.
The appropriate paragraphs of the system spec-
ification shall be referenced herein and amended
for applicability to the CEI on an “add” and
“delete” basis. Design requirements and fea-
tures should be specified in sufficient detail to
permit direct progression into detail design.

103

AFSCM 375- )

For example, paragraph 3.1.2.1 will require a
CEI to meet a specific reliability MTBF re-
quirement. Design and construction require-
ments should identify the specific design re-
quirements and features that are necessary to
meet this MTBF figure (e.g., requirements for
selection of high reliability parts, requirements
for the adoption of specific circuitry design
techniques, etc.). Introductory material may
be included in basic parngraph 3.3. Quantita-
tive requirements shall be specified in subpara-
graphstoinclude the following:

Paragraph 3.3.1. ~(Feneral Design Features.”
This paragraph shall, in subparagraphs as ap-
propriate, specify design features and limiting
physical characteristics of the CEI; e.g., size,
weight, shape, individual critical dimensions,
packaging construints, etc. Requirements spec-
ified herein may be descriptive (e.g., “Access
panels shall not be designed to carry primary
structural londs™) or expressed in quantitative
terms (e.g., “Landing gear tract shall not ex-
ceed 20 feet”). Requirements to be specifie’
shall normally be verifiable by inspection ¢
the CEI. Arrangement drawings, thres-view
drawings, list drawings, and equivalent engi-
neering documentation may be incorporsted in
this paragraph either directly or by reference.
Included shall be design features for the con-
trols required by man to operate and maintain
the equipment, fault isolation, accessibility,
packaging, calibration; e.g., use of test points,
taps, disconnects, etc., certification, measuring,
and monitoring. Desxgn features for monitor-
ing shall include, in terms of equipment, the
displays required by man to operate and main-
tain the end item, the source of monitoring in-
formation (i.e.,signals, pressures, malfunctions,
etc.) and the displays required by man for mon-
itoring the status of the end item. Included
shall be human engineering design criteria ap-
plicable to insuring safe, relisble, and efficient
operation and maintenance.

Paragraph 332, “Selection of Specifications
and Standards.” This paragraph shall specify
requirerents, criteria, and constraints perti-
nent to the selection and imposition of Federal.
military, and contractor specifications ar
standards; e.g., “All standards or specifications,
other than those established and approved for
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use by the Air Force. must be approved by the
procuring activity prior to incorporation into
the CEI specification.” For a list of specifica-
tions and standards. see Federal Supply Clas-
sification Listing of DOD Standardization
Documents. For use of specifications and
standards. reference MIL-STD-143.

Paragraph  3.3.3. ~Materinls. Parts. and
Processes.” This paragraph specifies require-
ments for. or prohibirs the use of. individual,
and tvpes of, materinls. parts, and processes.
Materials. parts. processes, and special tooling
included in this paragraph shall be identified
by reference to pertinent specifications.

Paragraph 3.8.4. “Standard and Commercial
Parts.” This paragraph shall specify require-
ments pertinent to the use of standard and
commercial parts.

Paragraph 3.3.5. “Moisture and Fungus Re-
vistance.””  Moisture and fungus resistance re-
«quirements shall be specitied in this paragraph.

Paraegraph 3.3.6. “Corrorion of Metal Parts.”
This paragraph shall specify requirements for
the use of protective contings and other corro-
sion control requirements. Whenever dissim-
ilar metals are in direct contact, the methed for
controlling electrolyric corrosion will be speci-
fied.

Paragraph 3.3.7. “Interchangeabdility and Re-
placeability.” This paragraph shall specify re-
quirements for components. assemblies. and
parts of the CEI to be interchangeable and re-
placeable. Entries in this paragraph are for
the purposa of establishing a condition of de-
sign—not to define the conditions of inter-
changesbility that are required by the
assignment of part number. For exampie, “All
fairings and cowlings for the aircraft shall be
designed to be readily removed and replaced by
quick disconnects and shall be interchangeable
within a type, model, series of the aircraft to
the extent required by MIL-I-8800." NOTE:
The relationship of interchangeability to part
number identification is defined in MIL-D-
70827.

Paragraph 3358. “Workmanship.” This
paragraph shall specify the general require-
ments for workmanship incident to fabrication
of the CEI. Requirements shall be included
herein to make the information available to the
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designer so that it will be properly called out
on drawings and other engineering documenta-
tion. A sample entry might read: “The CEI,
including all narts and assemblies. shall be con-
structed and finished in accordance with MIL~
STD- ——. Thoroughness of soldering. wir-
ing, impregnation of coils, marking of parts
and assemblies, plating. painting. riveting, ma-
chine-screw assemblage. welding. brazing, and
freedom of parts from burrs, shall comply with
MIL-STD- —~

Paragraph 3.39. “Electromagnetic Interfer-

~ence.”  This paragraph shall specify require.

ments related to electromagnetic interference,
in terms of the environment shich the CEI
must accept and the environment which it gen-
erates. Included shall be requirements to as-
sure that electromagnetic interference signals
are not radiated or conducted which would cause
malfunction of other equipment. including elec-
tro explosive devices, and that interference is
maintained within prescribed tolerances.

Paragraph 8.3.10, »Identification and Mark-
ing.” This paragraph shall specifv the ident’-
fication and marking requirements for the CEI.
“Identification and Marking™” entries in this
paragraph shall include coding requirements
for wiring. plumbing, identification of hazard-
ous conditions, explosive components, etc. A
sample entry might read: **All electrical wir-
ing contained in this CEI shall be identified in
accordance with MIL-STD- ——"

Paragraph 33.11, “Storage.” Requirements
peculiar to making the CEI storable shall be
specified in this paragraph. This shall include,
but not be limited to, specification of maximum
storage duration, storsge environment, restric-
tion pertsining to maintenance while in storage,
etc. To the extent that storsge environment
has been specified in paragraphs 3.12.4 and
3.2.1.2, it shall not be redundantly sp=cified in
this paragraph.

Section 4. “Quality Assurance Provisions.”
Requirements for formal verification of the per-
formance, design, and construction of the CEJ
shall be specified in this paragraph. Formal
verification of performance. design, and con-
struction of the CEI shall determine acceptance
of design and development engineering, under
the terms and conditions of the design and de-
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velopment contract. This paragraph shall
specify formal verification requirements to a
level o detail which:

2. Specifies a verification requirement and
method in section 4 for each performance and
design requirement in section 3. The methods
of verification to he specified herein shall in-
clude inspec-ion of the CEI, review of analyti-
cal data, demonstrations, test, and review of
test datn.

b. Specifies ench requirement for verifica-
tion. other than by inspection of the CEI. to
the level of detail necessary to cleariy establish
the scope and nccuracy of the test method.

c. Permits ready ide'tification of each veri-
fication requirement specified in section 4 with
the appropriate performance/design require-
ment paragraph in section 3.

d. Allocates verification requirements to
the snbparagraphs incleded herein. NOTE':
Formal verification to Le specified herein shall
not incorporate, either directly or by reference,
detail test planning documentation and operat-
ing tnstruction. Requirements specified herein
shall be the basis for preparation and valida-
tion of such documentis.

AJl test/verification requirements shall be
specified within the subpuragraphs included
herein.

Paragraph j.1.* Category I Test.” Ths term
“Category I tes:,” as used here.n, is defined to
include all testing of the CEI other than that
accomplished during the formal category II and
III (or equivalent) system test programs.
(Refeience pars. $2 belov.) Category I test-
ing is subdivided into the following broad types
on the basis of primary reasons for acquiriag
the test data:

a. Engineering Test end Evaluation. An
integral part of the developinent process, ori-
ented primarily to acquire data to support the
design and development process; e.g., aircraft
structural test, materinls test, etc.

b. Preliminary Qualification Test. For-
mal tests oriented primarily to achieve interim
acceptance of performance and design charac-
teristics, prior to (1) committing the CEI to
manned operation or (2) committing the design
to s costly, compiete formal qualification pro-
gram; e.g., preliminary flight rating tests for
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engines, preliminary explosive classification
tests for ordnance and propellants, sensitivity
levels of electroexplosive devices to radio fre-
quency and electromagnetic fields, etc.

c. Formal Quclification Tests. Formal
tests oriented primarily to satisfy specified re-
quirements of the procuring activity for formal
demonstration of performance and design ade-
quacy of the CEI for inventory use.

d. Reliability Tests and Analyses. For-
mal tests and analyses oriented primarily to
satisfy specified requirements of the procuring
activity for demonstrated reliability. YOTE':
Data whici are included in reliability analyses
comes from many scurces. “Reliability tests,”
as used herein, are limited to testing which
would not be done except for the need for re-
liability data.

e. Engineering Critical Component Quali-
fication. Formal qualification of identified snd
specified components,assemblies which are con-
taized in, or a part of, a CEI. It isnot the in-

tent to include in this specification all category ..

I test requirements. Only requirements fc
category I test which satisfy criteria as estab-
lished by the rollowing paragraphas shall be in-
cluded herein:

Paragraph 4.1.1. “Engineering Test and
Evaluation.” Engineering tests which satisfy
one or more of the following criteria shali be
included herein:

a. Require use of Government test facili-
ties, e.g., verification of requirements specified
in paragraph 8.1.24.

b. Are intended to be the only source of
data to satisfy specific requirements in section
3; e.g., static test of sircraft structure to sat-
isfy requirements in paragraph °.1.1.1 or pars-
graph 3.3.1; screen room testing to satisfy
requirements in paragraph 3.3.9.

¢. Must be accomplished as part of an inte-
grsted engineering test program involving
other system/irventory equiprent; e.g., verifi-
ficstion of requirements in paragraph 3.2.1.2.
Routine engineering and laboratory tests ac-
complished in support of design and develop-
ment, which do not satisfy one or more of the
criteria above, shall not be specified herei-
NOTE : Requirements for verification include.
in the system specification, which are directly
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related to requirements specified herein, may be
incorporated by reference to avoid redundant
establishment of the requirement.

Paragraph 4.12. “Preliminary Quadification
Tests.” This paragraph shall specify only
those preliminary qualification tests which re-
quire formal recognition by the Air Force: e.z.,
verification of requirements specified in para-
graph 5.1.2.7 prior to the intraduction of the
CEI into a GGovernment test facility: prelimi-
naryv tight rating rests on engines prior to first
flight or start of formal qualificntion: etc.
Preliminary qualification resting accomplished
Ly the contractor in support of design and de-
velopment which does not require recognition
by the Air Force. other than that it is within
the genera] terms and conditions of contract,
~hall not be specified. Requirements for pre-
liminary qualifications specified herein shall
reference specific requirements in section 3 if
these tests are to be the formal bLasis for the
verification that specific requirements of section
3 have been satisfied.

Paragraph 4.1.3. “Formal Qualification
Texts.” This paragraph shall specify require-
ments for formal qualification of the CEI to
demonstrate or verify that each requirement es-
tablished in section 3 has been satisfied. This
parngraph shall, in subparagraphs as appro-
priate, specify the requirement and method of
verification for each requirement specified in
section 3, with the following exceptions:

8. The requirement in section 3 has been
identified with, and verification that it has been
satisfied has been accomplished by, one of the
tests included in paragraphs 4.1.1 sand 412
above.

b. The requirement in section 3 is peculiar
to paragraph 3.1.2.1. Verification of relis-
bility requiremen:s shall be treated in parz-
graph 4.1.4, to follow.

¢. The requirement in section 3 is peculiar
to category 11 type system testing and will be
idenuifiad 12 par~graph 4.2 (o follow.

Eoch requirement shall be verified by inspec-
cicn, review of anslyticnl data, demonstration,
or test and review of test data, or combinations
of these. This paragraph may contain a sub-
paragraph for each of the principal methods of
verification and may specify the requirements
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of section 3 to be verified by the method. For
example:

“4.1.3 Formal {uilification Test—The
following subparagraphs specify the require-
ments for and methods of formally verifying
that each requirement in section 3 has been
satistied :

“4$13.0 [Inspectiun—The following re-
quirements of section 3 shall be verified by an
imzpection of the CEI at time and place of qual-
ification testing:

“Paragraph 3.1.2.2.2, *Service and Ac-
cess’

“Paragraph :.5.1. *General Design Fea-
tures’ (the following listed dimensional fea-
tures only) :

*Paragraph 3.2.1.1, *Schematic Arrange-
ment’

“Paragraph 3.3.3, ‘Materials, Parts. and
Processes’

“Paragraph 3.3.4, ‘Standard and Com-
mercial Parts’

“Paragraph 3.3.7, ‘Interchangeability
and Replaceability’

“Paragraph 3.3.8, 'Workmanship’

“Paragraph 3.3.10, ‘Identification and
Marking, etc.

“4032 Analyse«—The following re-
quirements of section 3 shall be verified by
review o analytical data:

“Paragraph 3.1.2.2, ‘Maintainability.’
To include a review of the maintenance portion
of the system engineering documentation and
contractor internal documentation anslyzing the
anticipated modes of failure of the CEI.

“Paragraph 3.1.2.3,‘Useful Life.’! To in-
clude anslysis of contractor experience dsts to
date of review, vendor historical and analytical
summaries, as well as stress analyses accom-
plished on critical assemblies, etc.

44138 Demonstrations—The {following
requirements of section 3 shall be verified by
demonstrations:

“Paragraph 3.1.2.2.2, ‘Service and Ac-
cess.’ The demonstration shall include one com-
plete maintenance overhsul cycle of the CEI as
required by technical manuals.

“Parsgraph 3.1.2.5, ‘Trsnsportability.’
The demonstration shall include s complete
preparation for movement, and movement of
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the CEL. This demo-:stration shall be accom-
plished as part of the actual movement of the
CEI to the environmental test facility.
~$.1.34 Tests—The following require-
ments in section 3 shall be vertified during
the formal qualification test program.
“Paragraph 3.1.1, ‘Functional Character-
istics’
“Paragraph 3.1.2.2, Maintainability’
“Parngraph 3.1.2.4, ‘Environmental’
“Paragraph 3.3.9, ‘Electromagnetic In.
terference.’ etc.

“The formnl qualificntion test program shall
include three units of the CEIL. One ¢hall un.
dergo continuous test in the engineering test
Laborarory. It shall be uperuted continuously
for a period of 3 months while being used as
required by parngraph 3.1.1, etc. The second
unit shall undergo screen room testing, then
he transferred to shaketable testing, ete.”

Paragraph 4.1.4. “Reliadility Test and Anal-
yses.” Requirements for anslyses to verify
requirements of paragraph 3.1.2.1 which have
heen satisfied shall be specified herein. This
shall include the sources of data, volume of
data, assumptions basic to the validity of raw
data input, and analytical method. Require-
irents for testing specifically and solely to ac-
quire relinbility dnta shall be included herein,
to the level of detnil necessary to establish the
scope and accuracy of the reliability data to
he acquired. and the scope of the test program.

Paragraph 4.1.5,.*Engineering Critical Com-
ponent Qualification.” This paragraph shall
identify, for each of the engineering critical
components listed in paragraph 3222, the
specification which contains its formal qualifi-
cation test requirements.

Paragraph 4.2,%Category Il Test Program.”
For CEIs which directly support systems, this
paragraph shall identify requirements specified
in section 3 which cannot be verified until *he
CEI is assembled into or used with other sys-
tem equipment. Verification that tho require-
ment has been satisfied must be listed as s
category 1I test requirement. For nonsystem
equipment, verification that all requirements in
section 3 have been satisfied must be accom-
plished within the testing identified in para-
graph 4.1 above.
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6.4 Paragroph Content Requirements for NSRP
Facility CEl's Section 3, “Requirements.” This
section shall contain performance and design
requirements for the facility. This section shall
include the functional requirements for the
facility and establish requirements which are
measures of the efficiency/etfectiveness of the
facility as viewed Ly the ultimate user. This
section shall define the facility, identify critical
interfaces. and specify design constraints and
standards necessary to insure compatibility with
existing or contemplared hardware. For inte-
grated  faciliries. perforinance and design
requirements included are allocated from, iden-
tical with. or in rerognition nf requirements
established by rhe system specification. Re-
quirements included shall be specified in terms
of the facility itself and not by reference to
equipment with which the facility must be com-
patible. The following represents an outline
of specific information required in this FCEI
Specification (however. it is not to be construed
as preventing the addition of such information
ns may be required to properly identify tl
peculiar system facility requiremsnts) :

Section 3.1. “(eneral Concept.” This section
shall describe in detail the use to which the
facility will be put: describe the flow of person-
nel, material. and functions ro be performed in
the facility, including time elements, etc.; iden-
tify the maintenance and logistic policies to be
employed: establish design-useful life require-
ments; establish facility self-sufficiency re-
quirements and special facility survival
requirements,

Section 3.2, “Siting and Layout™:

o. Provide an area plan showing location
of facility with respect to genera] area.
b. Provide a detailed site plan showing:
(1) Access requirements, specis] width
requirements.
(2) Required relationships between out-
side elements.
(3) Clearances.
(4) Parking, loading, required set-backs,
paving, walks, drainage, etc.
(5) Existing contours.
(8) Quantity-distance separation 1+
quiremants for explosive facilities and oper.
tions.
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(V) Blockouts, elevations, anchor belts,

or other provisions for equipment.
Sect'on 33. “General Criterma”:
a. Civil:

(1) Axle or wheel loads on roads.

(2) Special lane width of roads.

t3) Turn and weight provisions for
special vehicles.

i4) Jack loads, transfer requirements.

(3) Parking (number of vehicles).

(6) Grades on roads, type pavement
tflexible or rigid), walks, type (flexible or
rigid).

(7) Special water and sewage require-
ments. Qunntity and nature of water and
sewage, if special.

(8) Special fire protection requirements
(exterior).

(9) Fencing and security.

110) Location and types of existing util-
ities. if any (water, gas, sewer, electrical, storm
druinage).

b. Architectural:

(1) Tersonnel occupancy, types, hours
per day.

(2) Designation of us~ f areas within
tacility, partition layout, hai.:dous areas, and
special treatment areas.

(3) Types of special doors required.

(4) Floor level requirements: floor
drainage.

t5) Window requirements, if any.

(6) Controlling dimension requirements.

(7) Clear ceiling heights.

{8) Exterior arciuitectural treatment
{concrete, masonry, brick, etc.). Indicate
whether treatment is to match existing, if
applicable.

(9) USAF explosive safety require-
ments for construction.

¢. Structural:

(1) Crane and hoist location and loads;
control requirements.

(2) Floor and roof loads, special loads,
seismic loads, wind loads, and clear interior
heights.

(3) Clear span and column-free sreas.

(4) Blast loads; shielding requirements.

(5) Persottnei ladders; elevators,

(6) Trapsfer piers; dock loads.
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(7) General configuration of building;
number of stories.

(8) Barricades and shielding for explo-
sive blast areas

d. Mechanical:

(1) Interior potable water.

(2) Environment limits; temperature,
humidity, and ventilation.

(3) Compressed air.

{4) Fire protection.

(5) Vibration and acoustical require-
ments.

(8) Equipment cooling requirements.

e. Electrical:

(1) Power requirements—type and mag-
nituds.

(2) Light intensities.

(3) Communications requirements.

(4) Grounding.

f. Equipment (provide layout and list each
piece of equipment) :

(1) Equipment name.

(2) Units required (number).

(3) Purpose of equipment.

(4) Size of equipment (governing di-
mensions, weight).

(5) Power requirements — heat guin,
BTUs per hour, type cooling, in-out tempera-
tures, and relative humidities.

(6) Minimum access requirements —
front, back, and sides.

Section 4. “Quality Assurance Provisions.”
This section shall identify special testing, qual-
ity control procedures, and/or performance
verification requirements neceesary to insure the
sdequacy of special or unique facility provi-
sions. NOTE: Standerd facility verification
requirements shall not be included herein.

6.5 Perograph Coentent for Trainer Contract Bnd
Hems:

6.5.1 There is no change from content de-
scribed in 6.3 except as foilows:

Paragraph 31.1.1, “Primary Performance
Characteristics.” This parsgraph shall in-
clude:

s. A summary of the training tasks to
completaly qualify Air Force personnal to oper-
ste and maintain the system equipment repre-
sented by the trsiner, including identification
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and locations of operational equipment upon
which thess tasks will be performed in the
operational situation. This summary should
~ reflect both organizational and field levels of
operation and maintenance.

b. A list of the training tasks identified
in the preceding paragraph which the trainer
will support, accompanied by a statement of
the method by which the trainer will support the
tasks listed (i.e., method by which malfunction
can be inserted in the trainer system to prac-
tice isolation of malfunctions or emergency
operating procedures).

c. A statement of limitations inherent in
the trainer design swhich may preclude adequate
support of the total operations procedures and
field maintenance procedures (i.e., bench repair
of malfunctioned electronic chassis).

d. Other trainers — Reference to other
trainers/training equipment or operational
equipment to be used jointly with or to supple-
ment the trainer (o cover the training tasks and
limitetions described in paragraphs 3.1.1.1 s and
b above,

e. Simultaneous training—Identification
of the tasks covered by this trainer requiring
simultaneous student participation at different
work stations. Trnining task numbers from
paragraph 3.1.1.1 b above should be used.

f. Class Size—The mazimum number of
students that may be efficiently trined simul-
taneously wicth this rrainer in (1) demonstra-
tion with observers and (2) student participa-
tion.

g- Fault Insertion—The types of faults
to be inserted. the methods of generating such
faults, where they will be inserted in the system,
source of information identifying the faults to
be inserted. and a description of the provisions
in trainer design for including additional faults
not identifiable during trainer design.

h. Special Festures—A description of
the special fearures of the trainer which make
it more flexible as a training device than the
operational hardware which it reflects—i.e., the
capability of contmlling functions that are suto-
matically sequenced in the opemlonal equip-
ment ; simulation of system equipment to pro-
vide » capabnht,y of continuously operating/
recycling in & training situation.

191-4%9 O-66—8
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Paragraph 3.18.1. “Reliability.” For train-
ers this paragraph will reflect a requirement for
s specified pericd of continuous operation and
use in terms of “turned on” time in hours and
number of training cycles. This requirement
must be derived as a function of the scheduled
course and class load. organic maintenance capa-
bility of the user, and desired useful life of the
trainer.

Paragraph 3125, “Transportobility.” For
a trainer, state whether it is to be permanently
installed at a specific location, road mobile, rail-
road mobile, or air mobile.

Paragraph 32.2.*Component [dentification.”
Add the following: “This paragraph shall also
list the niajor item: of equpment requiz- i o
operate with a trainer in an instructional situs-
tion by the following categories:

“a. Contractor-furnished system operation-
al equipment.

“b. Government-furnished equipment (by
expected source).”

Paragraph 3222, “Engineering Critica’
Components List. Add the following: “Com
puter programs included in this list for train-
ers will cite the specific system functionsl dsts
documents from which they were derived.”
Paragraph 3.3.1. “General Design Features."
Add the following:

“33.1.1 Trainer Description. A descrip-
tion of the trainer identifving the major units
and their relationship to each other and to the
represented operationsl equipment. These re-
lationships shall be stated in terms of the sig-
nals to be received by the terminal equipment
and how such signsls will be generated or simu-
lsted in the irainer. This text shall be sup-
ported by appropriate dats flow diagrams of
these signals, indicating where provision shall
be made for fault insertion and sequence
interruption.

%3312 Related Functional Simulation.
A deacription of how operational equipment or
functions not physically represented in the
trainer will be simulated. The degrea of simu-
lsticn or visual presentations, control positions.
and physical configuration of the operation:
equipment being reflected in the trainer shali -
be specified.
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DESIGN SHEET

NOMENCLATURE CEi NO. OR CRITICAL COMPONENT
CODE IDENTIFICATION

(A}

OCETAIL SPEC NO. e

(o)

REQUIREMENTS FOR OESIGN AND TEST
{(C)

REQUIREMENTS
CRPFORMANCE
PUNCTIONAL CHARACTERISTICS
4.1 PRIMARY PERFORMANCE CHARACTERISTICS
1.2 SECONDARY PERFORMANCE CHMARACTERISTICS
OPERAGILITY
) RELIABILITY
2.2 MAINTAINABILITY
3
4

-9

-
[l ol
SR PRI

.

USEFUL LIFE
ENVIRONMENT
TRANSPORTABILITY
3.1.26 HUMAN PERFORMANCE
$.1.2.7 SAFETY
3.2 CEI DEFINITION
2.21 INTERFACE ARCQUIREMENTS
3219 SCHEMATIC ARRANGEMENT
3.3.1.2 OETAILEFD INTERFACE DEFINITION
3.22 COMPONENT IOENTIFICATION
3.2.2.1 GOVT - FURNISHED PROPERTY LIST
3.2.2.2 ENGINEERING CRITICAL COMPONENTS LIST
3.4.3.3 LOGISTICS CRITICAL COMPONENTS LIST
3.3 DOESIGN AND CONSTRUCTION
3.5.1 GENERAL OESION PFEATURES
3.3.2 SELECTION OF SPECIFICATIONS AND STANDARDS
3.5.3 MATERIALS, PARTS AND PROCESSES
3.3.4 STANDARD AND COMMERCIAL PARTS
3.5.8 MOISTURE AND FUNGUS RESISTANCE
3.3.6 CORROJON OF METAL PARTS
2.5.7 INTEACHANGEABILITY AND REPLACEABILITY
3.3.8 WORIMANSHIP
3.3.8 CELECTROMAGNETIC INTERFERENCE
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“Jwdd Human Engineering. For train-
ers, identification of areas where operating,
maintenance, or instruction station difficulties
have been minimized through human engineer-
ing practices as defined in MIL-STD-503A,
“Human Engineering Design Criteris for Aero-
space Systems and Equipment. ‘

“s:4.1.4 Modification. Description of the
design features of the trainer which will allow
for modification of trainer system or subsys-
tems to later system model series.

3305 Fuse of Modifiention. Careful
consideration =hall be given to possible future
~hanges in rhe operational equipment, and si-£-
ficient design flexibility shall be incorporsicc
it the trainer to permit rapid and inexpensive
modifications when such changes occur. Pos-
sible future attachments to the trainer shall be
considered which will increase its training value
in terms of an expanded operational mission.
When applicable, the design shall provide for
rapid and inexpensive connection of the device
to related equipment so as to accomplish more
advanced training or to provide integrated crew
training as well as individual training.

“J.3.18 Nimplicity. Svstem training ob-
jectives shall be analyzed to determine the mini-
mum equipment complexity needed for essential
training functions. This analysis shali consider
such factors as (1) the degree of physical simu-
lation required for optimum transfer of train-
ing, (2) the extent to which controls and
displays should be incorpornted as operable
equipment, and (3) the feasibility of automat-
ing the equipment or certain of its features; e.g.,
incorporating sutomastic functions to relieve in-
structor nnd operator personnel of routine man-
ual operations.”

Paragraph 3.39. “Electromagnetic Interfer-
ence.” Add the following: **‘Particular atten-
tion should be accorded the problems which
may arise from the use of ditferent transmitting
frequencies for the tmining situation than those
used in the operational situation. Additionally,
the specific requirements regarding physical
location of the trainer on u base should be stated
80 as to preclude unnecessary interference with
normal communications of the local populace.”

Paragraph 4.14 “Reliability Test and Analy-
2is.” Add the following : “Reliability testing on

m
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system equipment used as training equipment is
not normally required. However, an anslysis
based on existing reliability data on weapon
system parts and other components is necessary.
This analysis shall be sufficient to substantiate
the requirements of paragraph 3.1.2.1.”
Pargmph }.2 »Cutegory Il Test Program.”
Add the following: “An acceptance inspection
covering the funcrional characteristics and suit-
ability shall be outlined defining the tests to be
used in determining the adequacy of the trainer
to accomplish the genernl and specific objectives
of section 3. This outline sinall describe the
criteria, methods. materinls. and personnel.
Further procedural checklists developed for
use with the rraizer will he compatible wirh
and representative of the checklist and proce-
dures developed for the system which this
trainer represents. The objectives of this ac-
ceptance inspection are to determine:

*a. The functional adequacy and perform-
ance capability of the equipment in relation to
its planned use in the training mission.

“b. Design adequacy in terms of lay-
out. recording devices, tolernnces, limits of
operation, proficiency measures, and related
characteristics.

“c. The adequacy of installation, calibra-
tion, and maintenance procedures, including
training equipment parts consumption.

*d. The suitability of the equipment as re-
flected in the responses of representative stu-
dents, instructors, and operators.™

6.6 AFSCM/AFLCM 310-1 Dato item Number.
Reference $=57-6.1.

7.0 PFACILITY INTERFACE SHEETS. The facility
interface sheet (fis) shall be submitted in the
formnt iflustrated in figure 13 and prepared in
accordnnce with the following requirements:

Block A—=Noamenclature and CEI Number.
Enter the nomenclature and identification of the
equipment (AVE, OGE. RPIE. etc.) for which
the facility requiremen:s nre being identified.

Block B—0riginator. Enter the identifica-
tion of the contrctor or other ngency originat-
ing the sheet and the equipment identified in
block A.

Block C—Site Effectivity. Enter the site.
location, or genernl uren of use of the equipment
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identified in block . If the equipment loca-
tion is fixed within a particular facility area,
this area should be identified, along with the
major location. If thie equipment is portable,
state this and identify general area of use; e.g.,
~Portable equipment, missile readv and main-
renance arens. tl! squadrons.” Amplify the lo-
~ation information as necessary in the specific
requirements.

Rlork [+—Reference Funetions. Enter the
function numbers for which the equipment iden-
tified in block A is used. and the appropriate
R.AS reference numbers where the functions are
documented,

Rlock E — Environmental Reguirements.
Using the checklist at the top of the coiumn.
enter the requirements data for each checklist
heading using the numeric designation from the
checklist. These entries will be derived from
the appropriate sections of the design sheet,
e.g..environmental. human performance, safety,
etc. Entries will be as brief as possible, stress-
ing quantitative values, but complete enough to
fullv portrny the environmental requirements
and effects of the equipment as outlined in the
following description of each heading. When
the checklist heading is not applicable to the
equipment identified in block A, indicate this
with an “N/A" entry for the corresponding
checklist heading number.

(1) Vhration/Shock/Acourtic Lerel—The
maximum limits that the equipment should be
subjectad to by the facility environment will be
stated in qualitative terms. Likewise, if the
equipment itself creates vibration, shock, or
acoustics that will influence the facility environ-
ment or surrounding equipment, this will be
stated and the quantities entered.

(2) Temperature and Humidity—Enter
the tempernture and humidity extremes (high
and low) that must be provided for the equip-
ment by the facilitv environment.

(3) Forred Ventilation/Air ('hangea—1f
equipment requires forced ventilation from fa-
cility air supply, state requirements in terms of
minimum and maximum temperatures and hu-
midity, and flow in CFM. Air change require-
ments in facility controlled spaces will be stated
in air changes per hour.
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t4) Ihemination—=tare maximum or min-
imum illumination levels to be provided on con-
sole or work surfaces of equipment in foot
candles. for each surface of interest.

(5) Personal ()ccupancy—xNtate number of
personnel required for normal operation and
their proximity to equipment. If special pro-
vision must be made for significant numbers of
maintenance personnel. so state.

(8) Electro-muqgnetic  [nterrerence:Com-
patibility—F.nter tolemnce limits of equipment
for radiated electro-magnetic interference
(EMI) in termi= of frequency and power level
and for powerline ground interference poten-
tials in terms of volts. etc.. and frequency. If
the equipment irself produces radiation or
powerline harmonics that wiil afect the facility
environment, then tliese must be stared.

(7) Contumination Lerel—Enter any con-
straints on facility environment imposed by con-
taminant-level tolerance of equipment: eg.,
“Air in room shall contain less than 100 particles
.5 microns or greater per 110 cubic feet of air.”
Also, if equipment relenses contaminants or has
potential of creating contamination hazards,
these limits will be stated.

(8) Haaards/Safety — Enter  qualitative
and quantitative values of hazards or safety to
personnel and/or the facility imposed by instal-
lation of the equipment in the facility environ-
ment, not covered under other headings.

(9) Heat Rejection Rute—1f equipment re-
lenses heat to facility environment, not covered
under other headings, so state.

(10) Critical Time Factors—Enter any
time critical operating or accessability consid-
erations that will affect facility environment:
e.g., “Equipment must operate for a maximum
of 28 hours continuously every 48 hours without
access for service or degradation of facility
environment.”’

(11) Other Special Environmental Re-
quiremeni»—FE.nter any other special environ-
mental considerutions not covered by one of the
above headings.

Block F—Interface Design Regquirements.
In » manner similar to block E. this block and
checklist will be used to state the design require-
ments data for the physical interfaces between
the equipment identified in block A and the ap-
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propriute facilities. Tlie data tor these entries
will be derived from the applicable sections of
the design sheet 1o satisfy the following check-
list descriptions.

(1) Envelope «nd Weight—Enter the
physical envelope climensions of the equipment
and its tota] installed weight. [f special fix-
rures are required for irs movement or installa-
tion, enter these weight and size parameters also.

12) Mounting Provcixiona—Enter method
location and controlling dimensions for fixed
equipment : e.g., “Wall.mounted in silo with
~enter line 3 feet abnve level 14: Honr-holted o7
3 x 6 pnd within 8 feet radius of umbilicat
tower base”: etc. Portable equipment will be
Lutleated as portabie, bench rest: portable.
saster mounted : ete.

13) Electric Power—>State power required
10 opernte equipment in terms of volts, twatts,
frequency, power factor, stability, and toler-
ances: e.g., “480=4 voits, 1.5 kw.. .9 p.f. 680=0.3
¢.ps.” State connection requirements: i.e., per-
manently wired, special connectors, source
fuzed. etc. [f electrical lond is large (500 w. or
greater) and cyclical in nature, state time vari-
ant nature rminted to system functions and time.

(4) Electrical Grounding—State greund-
ing requirements in terms of ohms, connection
points, wire size, tvpe, method of connection:
1.e., solder, lugs, etc.

13) Water and Gar Nervice —Enter re-
quirements for water, gus, or other fluids to be
supplied by facilities in terms of minimum-
maximum pressures, flow rates, purity require-
ments, minimum-maximum temperatures and
water hardness-minern! content.

(8) Access—Enter any controlled dimea-
sion requirements, special platforms, etc., re-
quired to operate or maintain the equipment in
its installed configuration : e.g., **Clear access re-
quired behind console 72’ deep by 20°* wide by
84"’ high for removal of mercury column.”

(%) Ponition/Location—Enter detsiled po-
sition, orientation, or location information
where critical to operation of equipment; e.g.,
*Consale face must be within 10 feet maximum
and 6 feet minimum of display panel DS-10
with top rear of console toward panel."”

(8) Handling Provisions—Enter require-
ments imposed on facility to handle or move
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portable equipment into its location of use: e.g.,
Provide elevator or other hoisting means to
place test set within 4 feet vertically of eleva-
tion 41 and within 10 feet horizontally of missile
center line.”

(9) Fire/Hazard Provisions—Enter spe-
cific location or configuration requirements for
facility protective or removal levices: e.g,, “A
minimum of 800 GPM water deluge will be pro-
vided distributed evenly over top and four sides
of equipment enclosure. to be actuated on com-
mand of controller. Ninety-nine percent con-
tninment and removal in enclozed drain required
for toxic deluge products.”

(10) ODther ~pecial Interface Considera-
fona—ANY speciai inferface jequirements net
covered by the above will he entered under this
category. Include critical time envelopes not
covered under other headings.

It is emphasized that the information entered in
biock F as instructed above does not replace or
substitute for interface control drawings. De-
pending on the point in the system engineering
process, this sheet may be the input to the de
velopment of the definitive interface control
drawings, at which time the drawings become s
supplement to the FIS to graphically illustrate
and detail the physical interface. Where such
a drawing has been issued, the uppropriate head-
ing entry will refer to this drawing and the
drawing appended to the facility interface sheet.
Facility interface sheet entries are subject
to iteration with the system engineering proc-
ees. Entries will always be made as completely
as poesible. WWhere certain information is rec-
ognized as a requirement but simply not avail-
able, the entry will indicate the missing but
recognized requirement with a blank: e.g., “Re-
quired electric power will be 220 =18v, 60
=10 c.ps. 38 —k.w. at —p.t.” Subsequent up-
dating of the formnt will continue by the orig-
inator until all requirements are stated and
blanks filled in. Where n reasonable estimate
can be established, it will be entered, followed
by the designation (est).” When verified, the
“(est)” designation will be removed by re-
vigion to the facility interface sheet.
7.1 Identitying information. Approprist
identifying information including the revision
lerter, date. approval. document number, and
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page number shall be entered at the bottom of
the sheet. Pages will be numbered consecu-
tively starting from one for each end item, and
not consecutively by submittal or system.

7.2 Example of Focility Interface Sheet. For
an example of a completed facility interface
sheet, reference attachment 2.

7.3 APFSCM/AFLCM 310-1 Data item Number.
Reference S-38-6.1.

8.0 END ITEM MAINTENANCE SHEET. Detnil
vequirements for manwally completing end
items maintennance sheets are specified herein.
Fond item maintennnee sheets shall be submitred
in the format presented in figure 14 in accord-
ance with the following requirements:

Coiumn 4—Futer the CEI number. inven.
tory equipment or CEI requirement specifica-
tion number of AVE, OGE. MGE. or AAE on
which the study is being made.

Column B—FEnter the letter “ A" for addi-
tion, ~C* for change, and “D™ for deletion, as
applicable to column .\. .\ number following
the letter shnll be entered to indicate the num-
hered change or addition ir is: e.g., “(8" would
be change 6. and “A2" would Le addition 2.

Column ('—FEnter the relative position of the
item within the group nssembly hardware
breakdown starting with indenture ~.\" iden-
tifving the highest level of a given item of
hardware to be produced or furnished as an
entity by the (iovernment. and progressing in
order through B, (', 1), ete.. in nccordance with
the mechanical disnssembly relationship of the
parts being analyzed. For example, BB is a sub-
ussembly of A; C is u subassembly of B; etc.
The breakdown shall be continued down to the
lowest maintenance significant item. Entries
in this column shall indicate the order of dis-
ussembly ns described in MIL~-M-8910 of the
item under annlysis. In the case of communica-
tions, electronic, or meteorology equipment,
MII-T-9941 is the guiding specification.

Column D—Enter identification (see MII-
M-8810) of subsystem or equipment being an-
alyzed. For organizational and field levels of
maintenance, reparable items will be listed by
basic part number and any identifying dash
numbers: nonreparnble or overhaul items will
be listed by the basic part number only. The
part number shall be updated as necessary to
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retlect the official part number used by the Air
Force for procurement of the item as soon as
available. Normal evolution of system design
may create instances where interim retrofit con-
figurations may be identified in this column.
If this occurs, the authorizing ECP and/or
SCN number. rogether with a retrofit complete
dare, will be entered purenthetically below the
noun and name entry.

(‘olumn E—XNubsequent to design require-
ments baseline establishment, ECPs will gen-
erate a need for specific effectivity identification.
The specific etfectivity will be noted in this
volumn opposite the applicable equipment entry.
The purpose of the entry in this column is to
sentify the end irem of which the items being
anulyzed are a part.  The serial number of the
next higher end item must be used because of
hardware ditferences that mnight exist within a
given part number. Where configuration dif-
ferences exist within the next higher end item
that would affect the usability of the item under
annlysis, insert the lowest and highest serial
number of the next higher end item, In cases
where the specitic item under analysis is usable
on all serial numbers of the higher end item,
insert the lowest serial number and “and sub-
sequent,” etc. End items for which there is
no higher end item will retlect only their serial
numbers.

C'olumn F—Identifies the configuration of
equipment at the time the maintenance function
in column G is accomplished. Only one of these
columns shall be filled out for a maintenance
function; no entry shall be made if this is a
“whenever’” function.

Column F1—System [nstalled. Enter an
“x" to indicate that the preventive corrective
maintenance functions required to keep the sys-
tem operating nre being performed while the
equipment is in its opernting configumtion. An
enrry indicates that the maintenance functions
ure required to keep the system operating or
retum it to overuble status.

Coluinn F2—S8ubsystem Assembled (or Pri-
mary Npare). Enter an “x” to note reparable
equipraent that is required as a spare at user
level. This column upplies only to reparnble
equipment that cun be removed and installed
{usually preissue items), e.g., electronic
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drawers, cooling unit assemblies. An entry in-
dicates that the maintenance functions are per-
formed on a subsystem or module that has been
removed from the system but not disassembled.

Column Fi—~Nubsystem Dixassembled (or
Necondary Spare). Enteran “x” to not repara-
ble equipment that is required ns a spare. This
volumn applies to reparabile equipment that is
remaved and installed 10 covrect a malfuuction
an equipment in an assembled subsystem or pri-
mary spare: eg.. power supply modules, com-
puter elements and valves.

Column tr—=EFnter wentiication of the main-
tenance functions required on equipment listed
under column D). Subcolumns 1 through 14
lentify hasic maintenance functions which may
apply to the equipment entered in column D.
Only one function entry shall be made per line
item. .\s each entry is made in column G, the
preventive and corrective maintenance fre-
quency of that function shall be entered in the
approprinte subcoluinn of column H.  Each
inajor assembly shall be anulvzed ns a complete
assembiy for maintenance functions and main-
tenance frequency (1) in a system installed. (2)
for subsystem-assenibled configuration, and (3)
as an end item. whether it is primary spare or
a secondary spare. After annlysis as an end
item. the mnjor assembly will be broken down
in a logical order of disussemnbly on successive
~heets. The lower indenture items identified
thereon shall be subjeet to annlysis as performed
on higher level equipment.

Subrolumn G /—TEST identifies the require-
ment to isolute tue fuilures on malfunctioned
equipment. Enter letter “T™ for “test” in sub-
column G1, when applicablee. CHECKOUT
identifies the requirements to establish or ascer-
tain whether the item is properly functioning.
Enter “C” for “checkout™ in subcolumn G1
when applicable.

Subcolumn G2—CALIBRATE identifies the
requirements to periodically compare installed
equipment with equipment established as an
authorized or recognized standard and to cor-
relate or adjust as necessary the tested equip-
ment to meet the standard. Enter “C" for
“calibrate” in subcolumn G2 when applicable.
ADJUST (or aline) identifies the requirement
to mechanically or electronically bring into a
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specified tolerance any subsystems. module, or
component for the purpose of making the func-
tional assembly (or assemblies) operate as a
unit: e.g., setting of limit switches, pressure
valves, adjusting clutch faces. Enter “A™ for
“adjust” in subcolumn G2 when applicable.

Subcolumn G3—REMOVE identifies the re-
quirement to disconnect. unmount. and physi-
cally remove any equipment configuration from
any other equipment configuration: e.g., remove
a drawer assembly from an OGE console for a
scheduled inspection. Enter “R” for “remove”
in subcolumn G3 when applicable. INSTALL
identifies the requirement to connect. mount,
and physically return the item removed to its
original confiruration. Enter ~I" for “instail”
in the column G3 when applicable.

Subcolumn G;—REPLACE indicates the re-
quirement to replace the items under analysis
with a serviceable item. Enter “R" for “re.
place” in subcolumn G4.

Subcolumn G5—REPAIR identifies the re-
quirement to replace unserviceable compo-
nents and/or parts or structural repair exclusive
of complete disassembly or teardown of the
equipment. Enter “R" for “repair” in the suh-
column G5 when applicable. (VOTE: Repar-
of subsystems nnd major assemblies usually con-
sists of the removal, replacement, and repair of
lower indenture components.) OVERHAUL
identifies the requirement for complete dis-
assembly, detailed inspection, rework, replace-
ment of unserviceable parts, assembly and test
of equipment. Entry of an *O" for “‘overhaul”
in subcolumn G35 indicates that the contrsctor
recommends that further repsir or maintenance
of the itam should be accomplished at a depot.

Sudcolumn G6—PROTECT identifies the re-
quirement to provice environmental protection
for any item of equipment in any configuration
status; e.g., temperature control, humidity con-
trol, air condition control, pressurize, contami-
nation detection, place in containers,etc. Enter
“P” for “protect” is subcolumn G8 when ap-
plicable. SERVICE identifies the requirement
for replenishing fuel, gases, liquids, chemical
solids, dessicants, and lubricants. Enter “S”
for “service” is subcolumn G6, when applicable.

Subcolumn G7—VISUAL CHECK identifies
the requirement to visually inspect any equip-
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ment configurntion for all external defects that
may be identified visually. such as fluid or gas
leaks, dents. corrogion, and other physical con-
ditions. Enter "V for “visual check™ in sub-
column G7 when applicable. INSPECT iden-
tifies the requirement to perform necessary ac-
tions after maintenance to insure quality of
vepair. This function generally applies to me-
vhanico items and wonld include such functions
as inspecting installation of safety wires and
mspecting welds. Enter “I” for “inspect” in
subcolumn G7. when applicable.

Nubeahunn ((S—CLEAN identities the ve-
quirement to remove residual accumulations of
dust, dirt. oils, fuels, guses, liquids. and lubr-
eants, Inciuded in tias definition is the clean-
ing required in preparation for inspection.
Preparation for application of preservation
substances is accomplished by washing with
soap, water, detergents. solvents, viapors, sonic.
or other cleaning methods. Enter ~C” for
“clean” in subcolumn s when applicable.
PURGE identifies the requirement to expel
from a <ubsvstem. or assenbly thereof, un-
wanted contaminants, fumes. vapors, guses, and
liquids by means which do not require the dis-
assembly of the subsystem or nssembly thereof,
but rather acconiplish the cleaning function by
expelling or extracting the unwanted contam-
mnants (hydraulic Huid. fluoralube. ete.) from
the environment or environment vehicle. For
exitinple, bleeding a hydraulic system to re-
move air, expelling fuel vapors from lines and
tanks by running dry nitrogen through the sys-
tem, or removing fluid from subsystem, or puri-
tying and returning rhe same fluid to the same
subsystem. Fnter “P” for “purge” in sub-
column G8 when appplicablee. DECONTAM-
INATE identifies the requirement to remove
toxic contaminants. Fnter a “D” for ~decon-
taminnte” in subcolumn GA when applicable.
Enter nlso the approprinte hazard designation
as specified in paragraph 3.2.8.2.1 of MI[-~-S-
381310,

Nubeolumn (0—=COMPOSITE TEST (or
composite checkout) ideurtities the requirement
to establish that the operuting parinerers have
Leen met nfter integrating the item with mul-
tiple subsystems. Normally, composite test is
performed on a complete aerospace vehicle or

nz
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complere ground subsvsrem: e.g.. combined sub-
<vsremn test, gronnd ~ubsvstem self test.

Nubcolumn 610—SYSTEM ALINE identi-
fies the requirement (afrer maintenance and
romposite tesring) for restoring the system to
total mission capability : e.g., securing a facility
and removal of maintenance personnel and
equipment. These requirements should nor-
mally be identified in detail on the RAS and as-
~ocinted functional diagrams. FEnter an 8"
for system “aline” in subecolumn G10 when ap-
plicable.

Nubeoluma ;1] —<STORE and HANDLE
functions are ~lf-explanatory and will usually
be generated on a “whenever” basis: e.g., an
item must be hualed " whenever” it :s removed.
Enter “3" or “H" for “store” or “handle,” in
subcolumn (11 when applicable.

Nubcolwmn 12—-MONITOR and OPER-
ATE. This entryv indicates whether the item
is either continuously monitored or continuously
operated. Eunter »M" for “monitored,” “O™ for
“operated,” and *“B"™ for “both" in subcolumn
(312 when applicable.

Nubeolumn (:13—OTHER. This entry in-
dicates that a function other than those listed
is required to maintain the item under analysis;
e.g., stop, disconnect, move, hold, etc.: enter
»x" in subcolumn (313 when applicable and pro-
vide explanarion in the RAN.

Subecolvmn G14—=INTERFACE. INTER-
FACE identifies the requirement that two or
more snbsystems or components to be used in
conjunction to perform maintenance on a com-
piete system configuration. Enter an “x” for
“interface™ in subcolumn G14 when applicable
and provide an explanation in the RAS.

Column H—This column is subdivided into
three subcolumns within which is recorded the
contractor’s frequency recommendation relevant
to the requirements for preventive maintenance.
Also to be recorded is the frequency of correc-
tive mainten.nce for each applicable function
identitied in column G. If n specific function
occurs at two different frequencies, a separate
line will be used for each frequency at which the
function is accomplished. Entries made in this
column will be recorded ns follows:

Subcolumn H[—This subcolumn shall be
used to indicate the calendar and/or operating
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time cycles that may be accumulated on the
item under analysis prior to requiring accom-
plishment of the maintenance function indi-
cated on the same line to keep the item in the
ready status or to return it to ready status.
Periodic visual inspections, service functional
tests, calibration. adjustment, and replacement
of assemblies or parts are examples of require-
ments to swhich this subcolumn may apply.
Frequencies of functions identifving operating
or calendar time will be entered as a number
followed by one of these letter codes: ID=Days.
M=>Months. S==3econds. H=Hours. C=Cy-
cles: e.g.. ~151)” would indicate the functions
were required every 15 days. The reporting of
the functions and their schedule will be in ae-
cordance with the following instructions: Rea-
sons for the frequency selection shall be nar-
rated on the RAS in the “Design Requirements”
colurnn to substantiate performance of the func-
tions. If the maintenance functinn is schedules
but not on the basis of time (operatirg or cal-
endar). the requirement shall be entered under
the preventive column using the following codes
when applicable:

(1) PI—This code identifies a maintenance
function required PRIOR TO INSTALLA-
TION in the equipment configuration for which
it is intended.

(2) R—This code identifies a maintenance
function required upon RECEIPT from the
factory /depot.

(3) PM—This code identifies a mainte-
nance function required PRIOR TO MIS-
SION.

(4) POM—This code identifies a mainte-
nance function required after every POST
MISSION or post start period. Post start
would include nn aborted missior condition.

(5) PU—This code identifies a maintenance
function required PRIOR TO USE of the item.

Subcolumn H2—This entry identifies the cor-
rective maintenance interval for corrective
maintenance functions. The failure rate shall
be identified in the terms of number of failures
per month per unit such as wing or number of
cycles of operation to failure. The code desig-
nating the time unit and the quantity shall be
entered in the same manner as subcolumn H1
entries.
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Subcolumn H3—When accomplishment of a
particular function requires that additional
functions be performed, an “x™ will be entered
in subcolumn H3. For example, if whenever
a given module is replaced the system required
*‘checkout,” then this checkout will be indicated
as a “whenever” function to be nccomplished at
the interval identified in columns H1 and H2.
The 2™ in the “whenever™ column refers to the
preceding function.

Column J—This column identifies the period
of time. expressed in calendar months, when an
item may remain in serviceable stock for issue.
At the end of this time, the item must be with-
drawn from serviceable status for maintenance
actions to reestablish its operational reliability
for an additional period: e.g., replacement of
cured dated parts, functional test required, re-
new packaging and/or preservative. Enter
calendar months in this subcolumn or “IND"™
if the item has an indefinite shelf life.

Column K—This column is used to correlste
levels of maintenance to be accomplished with
maintensnce locations within the systems com-
plex. The column may be divided into sub-
columns for identifying the gross maintenance
locales of the system. For example, SRA,
squadron maintenance shop, support base, and
flight-line maintenance. Each horizontal line
entry identified by a maintenance function in
column G shall be coded with the appropriate
subcolumns of K as to the specific area recom-
mended for performance.

Column L—Whenever equipment is required
to accomplish a function or to aid in sccom-
plishing a function as determined from the
RAS, an identifying number of the MGE rec-
ommended will be entered in this column.
This number will either be CEI number, Detail
Specification number, or index number. When
base-procured (BP) or local-purchase (LP)
items are involved for which the design sheet
or applicable specification is not applicable, tha
contractor shall identify equipment recommen-
dations of this type by index number and
whether BP or LP. AFR 67-3 should be used
as guidance for AF criteria in deciding on LP/
BP items.

Column M—Every item of equipment listed
on this sheet (system-installed, primary spare,
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secondary spare) is i spare conhgurition re-
quired by maintenance. Column M ic subdi-
vided into five subcolumns. Information re:
quired by provisioning for each spare configura-
tion will be entered in the suocolumns as
follows:

Nubeolumn M1—~Naurce (‘ode. The method
of determining codes for this column after
equipment hns been analyzed is contained in
part four. AFSCM ui-2, AFLCM 65>-3. En-
tries made in this subcolumn wiil reflect in code
from the analysis data conrnined 1n the pre-
vious column entries which pertain to the equip-
ment configuriation as a spare to be applied by
maintenance at i specitied maintenance level.

Nubcolumn M2—Muintenance Repair Lerel
/'ode. Enter maintennnce repair leve! code.

Nubeolumn M3 -/R. Interchangeable and
replacesble status shall be eatered in this sub-
column in 1ccordance with MIL-1-8500.

Subcolv.un M4—-Q wintity/ Assembly. Enter
o figure inaicating the total number of times the
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item is used in the next higher assembly. .\s-
sembly™ is defined as “a number of parts or
subassemblies or any combination thereof
)oined together to perform a specific function.”
Subcolumn M5—~Quantity, Article. Enter s
figure indicating the total number of times the
item is usc! in the next higher 1ssembly. *Ar-
ticle™ is defined as “"a component or components
and necessary assemblies, subassemblies, ard
parts connected or associated together to per-
form an operatinnal function tend item).”
8.1 Identitying Informatien.  \ppropriate
ulentifving information ineclnding the revision
letrer. date. approval, dorument number. and
page numher shiall e entered at the bottom « £
the sleer.
8.2 Exomple of End Item Maintenance Sheet.
For an example of an end item maintenance
sheet. refercnce attachment 2. .
8.3 AFSCM/AFLCM 310-1 Data Item Number.
Reference S5-59-6.1.
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Pgure 14. G+d ltem Mo Sheet (Menvell,
9.0 MAINTENAMCE LOADING ANALYSIS. To 1oading requicements. Use of the formats pro.
determine the impuact of design on the quantity vided in figures 15. 16. und 17 is not manda-
of MGE, personnel, and spares required to tory. The contrnctor may develop other for-
maintain the system, it is necessary to correlate mats tailored to his system. The approac:.
the MGE, personnel, and spures required with chosen, however. should combine .he selectel
the maintenance functions to be performed. duta element requirements specified in the ex
Paragraphs 9.1, 9.2, and 9.3 present an example ample into an effective maintenance loading
of a methodical way of correlating maintenance analysis procedure.
119 Atte chment 1
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9.1 Example of Mainteriance Loading Sheet.
Requirements for completing figure 15 are as
follows:

Block A—Location. Enter the area in which
maintenance is to be accomplished.

Block B—Types of Maintenance Preventive
or Corrective. Underscore the type of mainte-
nance to be performed us either preventive or
corrective.

Block C—Time Line Sheet. Information in
volumns D and E is derived directly from the
time line sheet. No entry is required in block C.

Column  D—Sourre of Function. Enter
tuncrional diagram number in the cases where
the source of the function is the functional di-
agram. Enter the end item maintenance sheet
line item and C'EI number in the cases where
the function has been derived from that sheet.

Column E—Functions and Corresponding
T.xks+. Fnter the functions and corresponding
tasks (if applicable) contained on the RAS.
In the cases where tasks are applicable, enter
the AFSC.

(Column F—Indenture, Enter the equip-
ment breakdown level appearing on the main-
tenance sheet.

Tolumn G—Frequency of Function. The
razintenance frequency or average number of
times per month that a given function and cor-
responding tasks must be performed for a given
system force structure is entered in this column.
For corrective maintenance, the maintenance
frequency and failure rate of the equipment be-
ing maintained is identical. The failure rate
data are to be obtained from the design sheet
and the maintenance sheet. For example, if
the force size involves a 30-unit wing and the
fenction to be performed is based on an MTBF
of 7200 hours. the frequency of the function
would be determined us follows:

Force Size X Hours
(24 day X 30 day month)

MTBF
=50 x 720=5/Wing/month

7200

Frequency rute=

Preventive maintenance frequencies are ob-
tained directly from the maintenance sheet.

Attachment 1
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Column H—Time Line (Hours). The total
maintenance loop time derived from che time
line sheet for a particular function is entered in
this column.

Column J—Number of Personnel (AFSC).
The number and types of personnel by AFSC
required to perform the function are to be en-
tered in this column. Entries nre derived from
the requirements information on the RASs.

Column K—Mun-Hours Maintenance. The
total man-hours expended per AFSC per main-
tenance funcrion is entered in this column.
Where one or mare men of the snme AFSC are
occupied for the toral elapsed t1ime of the func-
tion. the entry in this column is the product of
(number of people) (frequency of function)
{time line) : i.e., columns.], G, and H. Where
several AFSCs ure required to perform the
function, the entries in this column are calcu-
lated from the time lines. The man-hours by
AFSC are added together and multiplied by the
frequency (column G) to derive the man-hours
mAintenance entry.

Column L—Man-Yonths. The time in this
column is obtained by dividing ench entry in
column K by 140 (average productive hours per
man per month on a single-shift basis allowing
percentage for nonwork time).

Column M—Doiwcn Time. Entries in this
column shall reflect the total time per month
that the operntional system is out of commis-
sion for maintenance. The time in this column
is the product of the frequency of functions and
time line information contained in columns G
and H. It shall be emphasized that the time
in this column represents the total length of
time it takes to restore the system to an slert or
ready status following the detection of a mal-
function or the accomplishment of preventive
maintenance. As such, it would include, where
necessary, travel time and the actual organiza-
tional-level maintenance required to return the
system to an nlert or ready status.

Column Y—Spares Quantity/Month. En-.
tries in this column show the number of spares
required per month. The spares quantity is to
be based on a consideration of the failure rate
of the item, the optimum msaintenance response
to fault indications, and, as necessary, the re-
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pair cycle from removal of the nulfunctioning
item to its restoration as a serviceable spare.

Column O~MGE Utilization. Entries in
this column shall indicate the number of times
per month each piece of MGE is to be used for
s particular function (column ), the time re-
quired to perform the function (column H).
and the utilization that is to he made of MGE.
The MGE utilization is a product of the num-
ber of times per month each piece of MGE is to
e used for a particular function (column G)
and the rime required ro perform the function
reolumn H) sdivided by equipment avatlubility
1assume equipment availuble for use 5 hours
per day for 30 daysa month).

oivinn P=MGE [lentincution. This col-
nmn shall contain the identification of the MGE
to be used for each function by CEI number
and appropriate numenclature.

9.1.1  ldentifving Information. Appro.
priate identifving information including the re-
vision letter. date, approvul. document number,
and page number =hall be entered at che bottom
of the sheet as indicated.

9.1.2 Example of Muaintenance Loading
Sheet. For un esample of a maintenance load-
ing sheet. reference attachment 2.

AFSCM 375-7

9.1.3 AFSCM -AFLCM310-1 Data Item
Number. Reference S--15.0.
9.2 MGE Utilization Sheet. Requirements for
completing the MGE utilization sheet are as
follows.

Column A—~MGE CEl Number. Enter the
CEI number of the MGE under consideration.

Column B—Nomenclature. Enter MGE no-
menclature in this column.

Column ('—(puantity in 1 v by Vaintenance
Location. Subcolumn headings shall be added
to the chart which identifies the maintenance lo-
vitions of the -v-tems. [“nder each of these lo-
cations and opposite the MGE. identified in col-
umns A and DB. the utilization frequencies
appearing in column ) of the niuntenance load-
ing sheet shall be tabulated.

Column D—fpunntity of MGE Recom-
mended. This entry shall summarize (across
columns 1 through 3) the quantity recommended
to support a given svstein force structure. In
the computation of quuntity requircments, con-
sideration shall be given to the utilization of
items at multiple locntions: e.g.. if a unit is usec
only 25 percent of the time at one location and
23 percent at another location, it might be poe-
sible to employ a simple unit for both locations.
Information appearing in column D represents
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the recommended provisioning quantity require-
ment.

9.2.1 ldentifying Informstion. Appro-
printe identifying information including the re-
vision letter, date, approval, document and page

10 March 1966

number shall be entered at the bottom of the
sheet.

9.2.2 Ezxample of MGE Utilization Sheet.
For an example of a MGE utilization sheet, ref-
erence attachment 2.
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Rgure 16. MGE Uniization Sheet (Exemple).

9.23 AFSCM/AFLCM 810-1 Dats Item
Number. Reference S-41-18.0.
9.3 Example of Personnel Utilizatien Sheet.
Requirements for completing figure 17 are as
follows:

Column A—AFSC. Enter the AFSCs tabu.-
lated on the msintenance loading sheets in in-
creasing serial code numbers.

Column B—T itle and Tasks. Enter the title
and corresponding tasks of the AFSC derived
from the loading sheets, RAS, and maintenance
sheets.

Column C—~Man-Months by Maintenance Lo-
cation. The subcolumn headings shall be iden-
tical to those established for the MGE utiliza-
tion sheet. Under each of the subcolumns end
opposite each AFSC identified, enter the man-
month figure derived from column L of the
maintenance loading sheet.

Column D—Total Man-Months. This col-
umn shall summarize (across columns 1 through
8) the quantity of personnel tecommended. As
in the case of MGE quantities, considerstion
shall be given to the employment of personnel
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at multiple locations as a function of personnel
availability.

93.1 Identifying Information. Appro-
priate identifying information including the
revision letter, date, approval, document and
page number shall be entered ri the bettom of
the sheet.

93.2 Example of Personnel Utilization
Sheet. For an example of a personnel utiliza-
tion sheet, reference attnchment 2.

9.3.3 AFSCM/AFLCM 310-1 Data Item
Number. Reference S-62-18.0,

10.0 CALIBRATION REQUIREMENTS SUMMARY
{CRS) (see figure 18):

10.1  Reqguirements. Calibrmtion and certifi-
cation requirements shall he considered during
all phases of system design and production.
The calibmtion workiend and the out-of-com-
mission time are significant factors that must
be reviewed periodically during the design
process to assure that the total system can be
efficiently maintained. "he maintainability
aspects of the components and the various sub-
systems shall be examined to form an estimate
of time and manpower required for calibration.
In aesuring & minimum calibration workload,
thia contractor will normally give the consider.
ation to the use of test points or taps, end to
end calibrations, acrsgsibility, and degree of
actual calibration required based on the opera-
tional system requirements. .\n objective is to
provide for calibration to proper standards
based on manufacturing specifications. Cali-
bration requirements summaries shall be pre-
psred s condensed, factual records of the
contractor's review and evaluation of the pa-
rameters which must be measured, the necessary
accuracies, and the time involved in calibration.

a. Data shall be prepared on a summary sheet
in accordance with figure 18 and shall be sub-
mitted as full-size black-and-white copy, on a
good quality of paper equivalent to 20-pound
sulphite bond. An original and three copies
are required.

b. Unless otherwise specified, revisions to
CRSa will be accomplished when corrections or
revisions to previousls approved CEI ure ap-
proved or design changes in end items or AGE
creats changes in parametric values or means
of measurement.
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10.2 Content:

a. The CRS is divided into four besic cate-
gories of equipment. The first category of
equipment represents operational equipment
such as major subsystem, components of the end
item, and operating ground equipment, further
reduced to an analysis of the components hav-
ing measurement pDarameters requiring periodic
calibration or verification. In genersl, each suc-
ceeding category of equipment represents equip-
ment that is required to calibrate or verify the
preceding categorv of equipment. Each item
of equipment. in each succeeding category is also
reduced to an analysis of the measurement pa-
rmmeters requiring calibrmtion or verification.
The lust category of equipment represents the
standards for calibration to be used by the Air
Force base precision measurement equipment
laboratory (PMFEL). It is not required that
the contractor complete this last category, ex-
x 3t where an item is required and is not defined
+* T.0. 83-1-14. (The space shall be provided
on the CRS for use by the Air Force activities.)

b. The information required on the CRS is
extracted and transposed from the enginesring
data furnished in the chain of approved CEIs,
and direct reference shall be made to the CEI
item name and number.

¢. The summary shall indicate the ranges and
accurncies of the parameters to be measured by
each specific item comprising the chain of equip-
ment from the operntional requirement to the
base laboratory standards. This document
shall summarize test equipment requirements in
both kind and quantity and thereby assure that
all parametere to be measured are considered
and satisfied. and rhe potentinl workload of a
bnse PMEL can be appraised.

d. Summaries for more than one type of
equipment or parameter may be contained on
one page. Similar types of parameters (Cat I)
should be grouped on successive pages; how-
ever, it is not desired that data be held until a
large number of similar summaries can be ac-
cumulated.

e. Data provided by subcontractors or asso-
ciats contractors shall be segregated in separate
sections of the CRS.

Attgchment
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10.3 Composition of the Calibration Require-
ments Summary. Tle four categories and ap-
plicable columns are defined as follows:

w. Category /—Operational system, subsys-
tem, or operating ground equipment whose
parameters are to be measured, verified. or ad-
justed to specific tolernnces.

(1) Content No.—An identification or ref-
srence number used 1o display the sequence of
breakdown or physical location of the item
listed in the next succeeding column. Only
items of hardware and measurement require-
ments will be wdentified with a content number.

(2} Desrription of Item—The identifica-
tion of the system. subsvstem, equipment. as-
sembly. module or component by nomenclature.
manufacturer and part number: and its func-
tions which must be measured, tested, verified.
checked. adjusted. or calibmted in order to de-
termine its operntionnl charncteristics. If item
is identified as an approved CEI item, the CEI
number shal! also be referenced.

(3) Specification Range and Accuracy—
The manufacturer’s mnge and tolerance. Fx-
ample: 23-0-23 volts dc. 2 percent full scale.

(4) Operational Ronge or Specific Value
~The range or values required by the opers-
tional equipment that must be calibrated to
meet the end item or AGE operational specifi-
cations. Example: 14-0-14 volts dc, 1.88 volts
de.

(3) Operational Tolerance—The accuracy
requirements within which the equipment must
perform to meet operational specifications.
Ezample: 5 percent full scale.

(6) Calidration Intervral—The calibmtion
interval or time Japse recommended by the con-
tractors between calibration or verification.

(7) Number per Squadron—The quantity
recommended for ench squadron.

(8) Time Required to Calibmte—The
elapsed time required to complete only the ac-
tual verification or ealibration of the particular
item. This should not include transportation
or removal and reinstallation tune.

(9) System Down Time—The total elapsed
time the system will be out-of-commission to
complete the verification or calibration of this
psrticular item. The time listed shall be that
required if only this particular item was being
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valibrated. If there are identical items that
will usually be calibrated during this time, the
time listed shall be the consolidated time out of
commission for calibrating the group. How-
ever. for nonsimilar items. the time listed shall
be the time out of commission to calibrate that
item, although other items might he calibrated
at the same time.

b. Cateqory I/—DPeculiar measurement equip-
ment required 1o check out. maintain and cali-
brate (ategory | equipment. F.xamples: test
setx, fault isolution equipnient. etc.  Applicable
columng ure:

(1) Drexeription of Item—The identifica-
tion of the mensurement equipment by nomen-
clature, manufacturer and/or part number, and
its functional capabilities to support the pre- .
ceding categories.

(2) Specification Range or Specific Value—
The limits of performance as defined by the
manufacturer to meet the requirements in the
preceding categories.

(3) Specification 1'olernnre—The amount.
of deviation from the nominal as defined by
the manufacturer,

(4) Calidration [nterval—(Same as in
pars. 10.32(6).)

(3) Number Per Squadron—(Same as in
para. 10.3a(7).)

(R) Time Required to ('alibrate—(Same
as in para 10.3n18).)

c. (ategory [Il/—Precision messurement
equipmen: (commercial or Air Force standard
items) used for maintenance, trouble shooting,
testing, verification, or calibration of category
I and II items. Applicable columns and de-
scriptions are the same as described in para-
graph 10.3b.

d. Maregory /11— (see pars. 10.2a)—Calibra-
tion equipment used to calibrate items in cate-
gory 1I and III. (These items are normally
assigned to the base precision measurement
equipment laboratory). Applicable columns
are:

(1) Deacription of Item—(Same as pars.
10.3b(1) or 38k technical order number.

(2) Specification Range or Specific Value—
The limits of use as defined by the manufac-
turer or 33K series technical order calibration
instructions.
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(3) Specification T olerance—The amount
of deviation from the nominal as defined by the
manufacturer or 33K series tech.nical order cal-
ibration instructions.

(4) Culidbration Interval—(Same as in

para. 103a(6).)
10.4 Generol Formet Arrangement end Instruc.
tiens. The format is arranged to permit read-
ng from left to right for each item of equip-
ment. with increasing nccuracies in each cate-
gory. There nuy be precision measurement
equipment listed in category III used for
“maintenance and trouble shooting equipment”
helow the calibration or verification items prior
to next list of category I item.

a. Each assembly or AGE izem will be listed
under ~Description of Item” column by CEI
number. specification number, and nomencla-
ture. Assemblies shall be identified by numer-
als in the “Content Number™ column. Each as-
sembly shall be further broken down into
subassemblies for panels and identified by let-
ters in the “Content Number™ column. A fur-
ther breakdown of the nssembly shall be made
until each segment is identified presenting one
or more paramrters to be measured (see fig. 18).

b. Where automatic checkout equipment is
used, it may be difficult to identify all measure-
ment parameters nccomplished by the auto-
matic equipment. Where it is not practical to
identify such parameters. it shall be sufficient
to identify the verification references or stand-
ards within the checkout equipment. These
reference standards might be such items as ref-
erence diodes, standard cells, precision resis-
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tors, ete. If this is the case, then these stand-
ards with their ranges and tolerances shall be
referred to as category I items.

¢. If the overnll parameters being messured
by the automatic checkout equipment can be
readily identified. then they shall be so listed
under category I and the checkout equipment
shall be shown under category I1. In this case,
the measured ranges and their tolerances shall
be entered in the columns for operational range
or specific value, and operational tolerance, of
category I. An example might be: DC volt-
agres from 10 volts to 100 volrs plus or minus 0.1
volts, voltages from 10 to »% volts plus or
minus 0.5 volts, 320 volts plus or minus 0.5 volts,
AC, 400 c.p.s. vaituges, 3 16 1w voit, e . This
method will permit easy verification of the suit-
ability of the referen:e standards. Standard
and commercial test equipment items fall into
three classes as follows:

(1) Precision measurement equipment
(PME) used for calibration and placed in cat-
egory III.

(2) Maintenance and irouble shooting
equipment and listed in catego:y IIL.

(3) Components of peculiar items and
listed in category I or II.

F.xcept when \AGE items are used for mainte-
nance and trouble shooting. :lie system parmm-
eters to be checked with the item shall appear in
the preceding opertionnl range and tolernnce
columns.

d. There will be vases where un operutional
system check in category I may require calibra-
tion or verification by an item listed in category

P ces-cen
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III or IV due to the accurney requirement. In
these cases, the unused category columns shall
he annotated N /A™ to denote nonapplicability.
The use of a category IV item to calibrate a
category I item at the opernting position shall
be avoided, whenever possible.

e. In the case of pressure gnges, there will
normally be tmnsfer gnges to be connected in
the line for comparison and verification of the
operuting gnge. The trunsfer gage in this cnse
will be n cutegory 11 item, supported by a test
stand as a category IIT item. and the dead-
weight tester used by the PMEIL to calibrate
the test stand will be n category IV item.
Transfer guges may be designated us category
111 irems and if no other rest gnge is used.
category II will be marked “N/A.” If the
basic gage is not a part of the system during
countdown but is used as an operating gage in
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A particular test stand. the test stund, would
be listed as a category II item.

f. It is not intended to provide calibration
capability at base precision measurement equip-
ment laborutory leve] to calibrate all working
standards. In those cases where it is not eco-
nomical to provide this capability, the items will
be exchanged. If the working standards are
the property of the squadion (category 111).
the base precision meuisurement equipment
laboratory (entegory 1V) will be responsible to
have a calibrated exchange item on hand at the
correct time for exchange. Example of such
iteins are dead weight testers, standurd cells, etc.
10.5 Exomple of Colibration Requirements
Summory. For in exuipu of 2 caniiOration
requirements summary, reference attachment 2.
10.6 AFSCM/AFLCM 310-1 Data item Nuvmber.
Reference S-83-23.0.
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EXAMPLES OF SYSTEM ENGINEERING DOCUMENTATION

1.0 FUNDAMENTAL CYCLE OF SYSTEM ENGI-
NEERING MANAGEMENT PROCESS. Figures 19
through 26 provide an example of the funda-
mental cycle of the system engineering manaye-
ment process and documentation described in
chapter ¢,

L1 Step 1. =tep | of the process begins with
the preparntion of functional diacrams, Step 1
of this exnmple starts with the third-level func-
tional dingram: figure 21. Figures 19 and 20
show the preceding tirst- and second-level func-
tional dingrams to provide background for the
example.

1.2 $tep2. Figure2 representsa trade study
matrix in support of step 2. Step 2 consists
of an nnalysis of the functions on the third-
level functionul dingram through the use of
the requirements allocation sheet (RAS) shown
in figure 23. The trude study matrix provides
an input to the RAS for a requirement for stor-
ing pneumatic energy to relense the activators.
It should be noted that the trude study between

127

electrical, hydraulic, and pneumatic approach
may not. in a real case, require a Trade Study
Report, but is included here to present a simple
illustration of n trade study.

1.3 Step 3. Ntep 3 of the process is to accom-
plish und document the trade study as illus-
trated by a matrix in fizure 24. Trade studies
MAV support eirher <tep 1. 2, or 4 and may occur
prior to. during. or aitter tnese steps. Fur
example, figrure 22 supports step 2. whereas fig-
ure 24 supports step +.  Figure 25 is a schematic
diagram in support of step 3.

V.4 Step 4. Srep 4 involves rthe integration
of design requirements on the RAS shown in
figure 23 into a CEI by means of the design
sheet. One resuiting CEI is shown in figure 2¢
For the purpnse of this example. the stage latc.
activator unit wus selected as a CEI due to its
diverse requirements. The qualitative and
quantitative requirements shown in figure 26 are
representative of the depth anticipated at the
end of phase [B.
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APFSCM 375-$ 10 Moarch 1966
OESIGN SHEET NOMENCLATURE CE: NO. OR CRITICAL COMPONENT
CODE IDENTIFICATION
12LC0R0A
STAGE LATCH ACTUATOR UNIT DETAIL SPEC NO. e

REQUIREMENTS FOR DENIGN AND TEST

3. Requirements
3.1 Performance
3.1.1 Punctional Charecteristics
The stage latch sctuating unit shall assure positi-e assembl: of stagets 1 and 2
and shall also function to properly unlock the stages Jpon receipt of the
proper comuand.
3.1.1.1 Primary Performance Charscteristics

s) The stage unlocking function must be completed in 200 milliseconds ‘rem
the time of unlock cammand.

b) The unlock compand shall consist of & 28 VDC + 1.5 VDC pulse of 25 ms ¢
1.5 =s durstion.

¢) Zero-time shall be the time st vhich the command pulse reacnes .90 of
the minimum voltage amplitude limit.

d) Powver to accomplish the unlocking function shall be obteined from a
primary vehicle source.

©) A positive mechanizal lock sechanisz shall be provided.

3.1.1.2 Secondary Performance Characteristics
FUNCTIOR a) The stage latch ectuating unit shall contsin mechanicsl latches sctusted
1.1.2.15 by s pneumstic valve vith the pneunatic energy deing provided frum e
pressure storsge flask containing helium.

b) Pressurized helium shall be relsssed by an explosive valve to actuste the
unfestening mechanien.

¢) Pnesumatic energy relessed at the separstion signal shall cause four
poeunatic ectustors to retrect staging latches from the stage 2 assemdbly.
A push rod shall connect the actuator vith the latches.

d) Tbe actustors shall consist of a cylinder and piston assemdbly. Piston
travel shall ceuse the required push rod/lstch motion to effect separationm.

e) The stage latches shall be caused to rotate by the push rod motion to
schieve di ment from the latch striker sssesbly. Rotation shall
not exceed 30°,

f£) The force provided by an ectuator to overcome the latch grasp of separstiocn
shall not exceed 200 pounds.

) The wveight of helium bled from the A/B pneumatic manifold to pover the
stage latch actuating unit shall not exveed 0.250 pounds.

h) Stage latch actuator unit posumstic pressure decsy shall not exceed 100 psi
per hour. The decsy rate shall not degrade the primary perforsance
charscterietics.

3.1.2 Operadility
3.1.2.1 Reliebility
The MTBF for the stage latch actusting unit {n the operstionsl acde, {.e¢., from
heliun tank pressurised to & point bdefore stage latch unlock camsand, shall be
2L hours + 1 hour or shall be 10 pressurise-depressurize cycles, vhichever occurs
firet. The MTBP for the unit in the sctuste mods, i.e., from stage latch unlock
cammand to stage latches unlocked, shall be twenty (20) seconds, or shall be ome
valve operating cycls, vhichever occurs first.

ACVISION o APPROVAL el SHOOK e OATE 20 MK 100k PAGE NO. ol OF cddew
Rgure 26. S09p 4 of Syviem Unginesring Menopoment Precess.
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10 March 1966 AFSCM 375-¢ )

OESIGN SHERY NOMENCLATURE CRI NO. OR CRITICAL COMPONENT
COOR IDENTIFICATION
STAOR LATCE ACTUATOR UNIT —alRUORCA

OETAIL SPEC NO. mmemnes————

REQUIREMENTS FOR DESIGN AND TEST

3.1.2.2 Maintenance
FUNCTION 3.1.2.2.1 Mainteinability
1.1.2.% s) The msen time tO replace any one campooent Of the stage lstch sctuating
unit identified in paregraph 3.1.2.2.3 shall not exceed 30 nman-minutes.

b) The poeumstic actuators, the posumatic regulstor, and the poeusatic
pressure sensdr shall be the coly components subject to organitationsl
mintenance.

2,1.2.2.2 Mainteaarce Pajpalr Crele

a) The pressure sensor snall be calibrated esch 1000 installed hours.

v) The pressure regulator shall be calidreted eech 2000 installed hours.

¢) A heliua lsak check shall be cooducted folloving removel and replacessnt
of any componsnt.

d) The pneumatic actuators and ths pressure regulator shall be subject to s
f1e¢l4 usintensnce/coverbsul cycls folloving each instslled period of 12
noaths .

3. 1 2.2.3 Service and Access
The relesse vilve, the posumstic ectuators, the pressure regulator, the
pressure flask and the pressure sensor shall all be resdiily accessidle )
for replacemsnt and/or repair.

©) The components of the stage latch actuating unit shall be peckaged to
esswre removal of individual components vithout interference vith other
componsnts of ths complete assenbly or other parts vithin quadrent 3.

¢) Provision shall be made to retain the airborne pneuwatic systes pressure
1f 1t 1s pecessary to replace the stage latch actustor components. A
shut-off alve shall be installed between the sirborne pneumatic nenifold
and tne pressure flaak to eccomplish this requiresment.

d) Provision shall be mede to vent pneumstic pressure from the stage latch
sctuator unit.

e) The stage latch actuator vent valve shall be interlocked with the sirborne
posuaatic systaa supply sbut-off valve. The interlock shall prevent
opening the vent valve vhile the alrborne poeumstic systes supply valve
is open.

f) Toe stage latch actuater unit shall be depressurized during any acticos
requiring removal and replacemsnt of any component.

3) A evitch sball be installsd in the common pover leed to the expiosive
7alve to prevent damage to the equipment or injury to persoonsl vhen the
latch mechanisn i¢ being inspected or repaired. The switch sball have
the cepadbility of grounding the explosive valve pover loput terminal
vhile in the pover digconnect position. The svitch shall be constructed

t0 provids make-before-dreak cspability during botb the comnect and
disconnect actuations.

3.1.2.3 Useful Life

a) Tie pressure flask shall have an opersting life of 3000 bours in the
pressurised mode.

b) The ssrvice life of all coapomsuts of the stage latch actustor wmit

REVISION £ APPROVAL OATE 2O MAX 1964 pace no.2o0r Ml )
Rgwe 36 Continmd. ep 4 of Snhem Unglasering Mansgement Precom.
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AFSCM J375-5 10 March 1966

OE3IGN SHEEY NOMENCLATURE CEI NO. OR CRITICAL COMPONMENT
COOE IDENTIFICATION
12L020A

STAGE LATCH ACTUATOR UNIT DETAIL SPECNO. o

REQUIREMENTS FOR OESIGN AND TEST

shall be six (€) years, except for maintenance parts sucr as Jerincs
and seals.

3.1.2.4 nvironment
3.2.2.4,1 HNatural Environment
The stage latch actuating unit shall be capadble of operating satisfactorily
during or folloving t-e folloving natursl environmental condi:ions:
a) Atmospneric Pressure: 30.5 in. § to 10.0 in. Az
b) Ambient Temperature: 30°F to 12
c) Humidity: 1005 R,H,
)} Dirt, Dust, Sand: Particley et velocities up to 100 f:/sec and
densities up to 2 ounces/ft /nec.
e) Solar Heatinzg: Standard m/ﬁ. /hr.
f) Salt Atnospnere: Exposure for periods up to 1000 hours.
3.1.2.4.2 Induced Environment
The stase latch actuating unit shall be capadle of operatin; satisfactorily
duaring or followving the followins induced environmental conditions:
s) Tesperature: -30°F to 22007 (parts exposed to atmospnere), - 60°F
to 160°F (part:s within thrust secti T 6
b) Atmospheric Pressure: 30.5 i{n. Hg to 1.0x10°° in, ng.
¢) Vidbration: 10 to 1000 ¢p: @ 2.5 ¢. FMS
d; Accelerstion: 3.5 + 0.0 - 3.5C
e) Radiation, Spece: Nominal for alt{tudes less than 1.0 X 10° Teet;
mean tice Of exposure less than 60 seconds + 5 sec.
f) RF fields: less than 0.1 v/meter
3.1.2.5 Transportadbility
a) Perforiance of the installed stage latch sctuating unit snall no. be degraded
77 transport vidbrstion, shock, or other enviromment.
) Performance of individual components shall not be degraded by transport
vitration, shock, or other environment.
¢) Transport medis appropriste to (a) shall be limited to (1) sir :ransport
. and (2) ground-handlin: trailer.
d) Trunsport sedis appropriste to (b) shall be (1) eir transport, (2) motor
cerrier, (3) liftotruck, (4) hand-truck, (S) hand-carry.
¢) Appropriete existing packaging and packing methods shall be employed
t0 satisfy requiremsnts of (b). RMef.: MIL.P-7936.

3.1.2.€ Hman Performance - Not applicedble.

3.2.2.7 Safety

3.1L.2.7.1 Persommel Safety

a) The pressure flagk sgsembly shell be prominently marked to indicste
the danter of explosion if not depressurised prior to removsl.

b) Electrical continuity of the explosive valve igniter circuit snall be
checked by using only s type PCT-801B pyrdtechmnic circuit tester.

c) The explosive velrs electrical comnector shall be equipped vith a
shorting device installed on the electrical compector contacts to
prevent valve actustion from higheenergy redio frequency fields. Tde
shorting plug shall be removed only for purposes of checking electrical
cuntinuity or for purposes of installing the valve electricel camnector.
At all other times the shorting plug shall be installed.

AEVISION ¢ APPROVAL OATE — 20 MAY 1084 ___race no. 2 0F Al
Mgure 26 (Continued). $00p 4 of Syviem Enginseriag Nenogement Precess.
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OR3IGN SHERT NOMENCLATURE CEI NO. OR CRITICAL COMPONENT

CODE IDENTIFICATION
STAGE LATCH ACTUATOR UNIT 121-0204
DETAIL SPEC NO. e

REQUIREMENTS FOR DESIGN AND TEST

FUNCTTON
1.1.2.7

1.1.2.13

FJOCTION 3.3.1 CGCeneral Design Peaturws

d. Other: See 3.1.2.2.3¢, 4, ¢, ¢, .
3.1.2.7.2 Zquipment Safety - Not epplicadle.
3.1.2.8 Boise and Vidraticn
Applicadls acoustic induced vibration and mechanical vitration linits are
specified in paragreph 3.1.2.L.2 ¢.
3.2 CTEl1 Derfinition
3.2.1 Interfece Requirements
e) The separstion signal shall te as 4described {n Pers. 2.1.1.1
The celll= lnterzace connector shall ce Locatel L e t.ace
vanel.
¢) Tha latches shall be located as shovn in drewing number te properl:
ensase the latch striker asseadly.
3.2.1.1 Schematic Arrangemsnt
8) The schematic arrangemsnt of the stage latch ectuating unit shell be as
shown on 4drsving nuaber .
©) Physical interfaces are &s shovn oy draving numoer .
3.2.1.2 Oetailed Interface Definition
8) The aechanical interfaces of the stsze latcir actuazin: unit are ldentiffed
in dravings and and in Pars;repn 3.1.1.2.
») functionsl {nterfaces of the stase teh actuating “nit ace Llentified in
parszrepn 3.1.1.1, and in Ingioeering Docu.ent .
3.2.2 Component Identification
3.2.2.1 G7P List
8) Zxplosive Valve Spec. Ko,
Part No.
3.2.2.2. ZInginsering Critical Tosponent List
8) Pressure vesssl
b) Actuator
3.2.2.3 logistic Critical Component List
a) ?Pressure vessel
® Actuator
c; Relief valve
4) Eiplosive valve
3.3 Design and Construction

ty

e grgerazion

~

o'

-

8) A pressure flask shall be employed to store heliuas at pressures not to ssceed
600 pssi end st tamperatures not to exceed 120°7,

b) The pressure flask shall be located in quadrant 3, epproxicately st statiom
1127. Mounting shall be by two brackets attached to the dain vehicle frame.

€) A pressure transducer shall be eaplo ed to provide s means of indiceting
vessel pregsure &t the ground monitor. An on/off indicating switch (for
svitching 28 VDC pover), a somentary test svitch, and & zero adjust potentio-
aster shall be provided for the pressure sensing netvork.

4) The explosive valve shall be a eingle body of stainless steel vith un
electrically operated poppet interdody. The comstructicn will allov rapid
evaluation of the valve condition thraugh use of pressure and voltege chacking.

REVISION
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OESIGN SHEET NOMENCLATYRE CEI NO. OR CRITICAL COMPONENT

COOE IDENTIFICATION
STASI LAVICE ACTUATOR UNIT —telOR0s
DETAIL SFEC ~°-~—_

REQUIREMENTS FOR DESIGN AND TEST

e) Tie pressure lask s;all Le constructed vith @& ainizum’of openinzs and
“elds. T:2e consir.cilon s.all allov rapid and effec.ive evalusiion of flask
condition :v .se of Y.ray and pregsure inspeciion tec-niques.

3.3.2 3election of Specifi-at{ons and Standards

Specificaiions en: Standaris Jor parts and ex.ponents of tie siage laich actusting
it srall e selec.e. In sccordance wil:n (AL.3TTelLl3.

3.3.3 4ateriels Far:is and Processes

a) All fiztinrs -rall conforu to iie requirenenis of MIL.Fe5509A.

t) All pneumatic piping snall be identified in accordance wit:n NILeS-12:7.

¢) The pneutaiic sy-ten srall be sealed by the (x) process.

3.3.~ Standaru anc Coxmercisl Parts

8) Maxirmum :se r-all be msde of scaniard ani commercial parts in tne design of
the stase laic: sctustinz unit.

t) All conneciors on the pnewsatic release valve shall coaply wit: aflftary
staniarids for threads and fi:tin=s.

3.3.5 otls.ure anl Funcus Resistance

s) PFungus Resistance - llot applicedle

b) iloisture Re3sistance - Reference: 3.1.2.k.1 c.
3.3.6 Corrosion of :‘e.al Perig
“fvenever dissti.iler ..ctals are in direct contact, suitatle netaole Jor controlling
elecirol:iic corro-ion s:ell e :sed, cosplying with MIL=F-717¢. Ref: 1533536.
3.3.7 Intercnan-<eabili:: end Replsceabilit:’
All parts and asse...lies of ihe staze latch aecnanism shall meet .he intere
chanceaoilit:’ reqiiredents of !:IL-I-8500,
3.3.3 ‘Jork.ansrip
The ntage latc: actuAlin; antt (neluding all parts and assezolies g.all ce
constructed ani finis:ed in accordence with best comercial practices.
3.3.9 Zle :iro.a-metic Interference/Susceptadbility

a) flectrouatnezic Interference - Not applicable.

%) Zlec:ro.:scnezic 3usceptabilit .,
sleans snall be provided to prevent detonstion of the explosi e valve frow
extraneous voltages induced in the viring leading o the pover input tersinal.

3.3.10 Identificetion and Markins

a) FHazardous Conditions: Reference 3.1.2.7.1. a.

b) Compesente ehall de marked in accordance with MIL-8TD-130.

¢) Fluid lipes shall be danded in accordsnce vith AND1O37S.

3.3.11 Storage
The storage life of all components Of t)w stace lateh actuator unit shall be six

(€) years, except for O-rinis and seals made frux organic unaterials, vhich snall
rave a storaze life of 3 years.

REVISION
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T NOMENCLATURE CEI NO. OR CRITICAL COMPONENT
oeuan et COOE 1IDENTIFICATION
12L0204

OETAIL SPEC NO. e

STAGE LATCE ACTUATOR UNIT

REQUIREMENTS FOR OESIGN AND TEST

.. L.-al1s; Assurance Provisions
8) DPorfor-ance, desi-n and construction requirements specified in Sectiom 3.
are forall; verified by the provi-ions of this section. Formal verification
s-all es.a0lish scceptance of design and developmant engineering.
:) Zacn require-ent sppearins in Section 3. is associated with:
(1) -—erificazion 2e-.od (s)
() zest catezories
(3) sutpsragrapns of 3ection L. wrere the verification of suc: Section 3.
=e3:ire~ent n&: Teen acltormodated.

2) A refercace Index proviies for accounzabili:: o eacn Secziion 3. requirecent
an? correspondin; Section L, verification provision. The incder follovs
pera-rapr 1,2,

.1 Cate-or I Test

-.1.1 “n:ineerins Test ani Evaluation - ot spplicable

“.1.2 Orelirfinar- Zualifica:ion Tests

reli tnar: o:alifica:ion tests are performed to acnieve interim acceptance of

perfor -ance and desi-n characteristics prior to utilization of the contrect end

1.e:: ‘0rler cne or more of tre followins conditions: a) Manned operations;

%) Inte reted tasting with ot/er equiprents and‘or with facilities; ¢) Committing )

~—~

“.€ :¢-{ to an extensive, coscly qualification prozram.
~.1.2.1
(3.1.2.2.3.¢)
Je.onstrate provisions for retainin; airtorne s rien pnewaatic pressure during
naintenance operstions.
-.1.2.2
(3.1.2.2.3.7)
Teronstrate provisions for preventins inadvertent operstion of explosive valve
4.rin~ lacen :ssinsenance operations.
-.1.2.3
(3.1.2.2.3.3)
Se.onstrate pressure relief provisions for the steje latch aciuating unit helium
pressure f{lasgi.
L.1.2.4
(3.1.2.2.3.e.2)
Demonstrate the interlock provisions for A/B heliuz systew pressure valve Opeu

and stage latch sctuator unit helium pressure flask vent valve open.
".1.2.%

(3.1.2.7.1.0)
By inspection, verify presence ani proper ressage content of aming markings
on stage latch actuator unit pressure flask.
7.1.3 Tormal Qualification Tests
Fornal qualification tests are conducted to satisfy specific requirenents of the
procurin; azency to verify thst all requirements of Section 3. are satisfied.
Accompli-hoent of the verifications constitutes acceptance of degizn and development
ensineerins. Verifications are orzanized accoriding to method of accomplishmment.

i‘;xe) :athods are (1) {nspection (2) review of analytical data (3) demonstration and
t) test,

p .
REVISION o APPROVAL DATE 20 May 105l PAGE NO..Lun OF ol )
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AFSCM 3735-§
{ NO. OR CRITICAL COMPONENT
DESIGN SHEET NOMENCLATURE §§o; IDENTIFICATION
- 1240205
STAGZ LATCH ACTUATOR URIT OETAIL SPEC NO.
REQUIREMENTS FOR DESIGN AND TEST
4,1.3.1 Inspection
The following requirements of Section 3 snall be verified by inspection of the
CEI at time and place of qualification testing.
‘) (30201.1; 3.301-b)
Scrematic arrangeasnt of stage latch actuating unit referenced to
vg. lo. ’
) (3.2.2)
Randomly selected camponents/parts of the stage latch actusting unit wvill
te coopared against provisions of “TL=-STD-143.
c) (3.3.3.a)
Randomly selected fit:ings vill de cawzpared for conforasnce to requireaents
of MIl=7F=5500A.
2) (3.3.3.b)
Pneumatic pipinz {dentificeticmn will be compared azainst requirerents of
MIl-Se1247.
e) (3.3.3.¢)
Pneumatic system sealing process vill be exsmined for conformance with
Process Std 30122,
£) (3.3.L.e)
The utilization of standard and cormercial parts in the design of :he
stage latch actustinz unit shall be verified.
g) (3.3.h.p)
Pneunatic releage valve connectors shall be exauined for conformance to
MIL-P-356L,
n) (3.3.6)
Metallic interfaces shall be verified to conforn with MIL-F-7170 and
1533536, electroiysis control.
1) (3.3.7)
Rendon selections of parts and assemblies shall be nade by the qualification
| '2;-:; 153 establish conformance vith provisions of MIL-1-3500.
J .3.
Construction and finish of the stage latch ectuating unit shall be verified
) ?o ;onfgu to best rommercisl assembly and process practices.
) 3 3.3.20
Conformance to MIL-8TD-130 for idemtification and marking of campopents and
1) ?n;nbuao of the stege latch actuating unit shall be verified.
3.2.2,1
Verif; installation of correct sovermment furnished parts.
4,1.3.2 Reviev of Analytical Deta
s) (3.1.2.1; 3.1.2.3)
Reviev accumulated stage latch actuator unit longevity datsa. The data
shall differentiste detwveen periods of
1; Unit de~energited (no beliwm) !
2) Unit energised beliun loaded) .
3) Unit activated valve released)
b) (3.1.1.1; 3.1.1.2; 3.1.2.4.1; 3.1.2.5)
Reviev analytical dats to verify pe-formance characteristics are acceptadle
AEVISION g APPROVAL oATE 20 May 2964 mace no.laofdle
Mgure 26 (Continved]. Step 4 of System Bngineering Menogement Precess.
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ORSIGN SHCET NOMENCLATURE CE! NO. OR CRITICAL COMPONENT

COODE IDENTIFICATION
STAGZ LATCH ACTUATCR UNIT 220200

DETAIL SPEC NO. cuemseaseweenem

REQUIREMENTS FOR DESIGN AND TEST

Jollowin: exposure .0 “ranspor. siocks, loais, and environ ents.
¢) (3.1.1.2.0)
Z‘plosive valve {lowv para=eters s-all oe verified b: reviev of (7P dste.
1) (3.1.2.3.s; 3.3.1.8)
Pressure {lask operatins life siall -e verifiel I:° re-lew of “endor date
on z2inilar pressure -essels.
e) (2.1.2.3.%)

rplosi--e valve cervice life srall -e verilie. . re-iew of JrP data.
Y (2,1.2.2.1; 3.1.2.2.2; .L.2.5.
SUsteas n-oireerin- .ajntainacili=: “oc_-en~atisn 2 O e re-iavedi O

compare predicted fafilure nodes a:ain-: fail.ire <ata sccriilated during
ievelopaen:. ‘ain-enance periods Ifor 'evelop-=n:ial ‘ail res are lo e
c0 .parei a~ainst predicied raintenance tize rezuire-en.s,

¢,1.3.3 Ceaonz.ra.lons

detiongtrations relaced o ~aintainacilis

Jollowin - provisions:

a) {(3.1.2.2.3s)

Te.conatrate <ne accessitilit: of t.e stage latc.. act.alor co ponents for
repair and replace:.:ent.

) (2.1.2.2.3 ..rou-: 3.1.2.2.33; 3.1.2.7) )
Jemonsirate provisions for removel of s.a3jc la.c.. actiAlor <o.ponencs wicie
out interference wits oiner couponents ol tne co plete ascescl  or Q.her
parts vit..in Q3, 5, perforiin’ one conplete mainienance ingpec:iion lor the
stace laten actuatinz unit.

e} (3.3.1.4)
Ceconsirate 2. plosive valve parsical candition e-alustion process t; use
ol pressure end voltaze c..ecks,

i) (3.3.1.e)
Jetorstirate e.aluation of pressure Iles: prnosical condiclon .srousrn use
0. prescure anz -ray tecnniques,

e) (2.z2.1)
Dc.onstrate elecirical interface capabilit:.

£) (3.2.1v)

) :()er.ona\.x)»or.e pneunatic interface capacility.

LA 3.2.12

Denonstrate mechanical interface capadbility.
L,1.3.4 Tesats

s) (3.1.1.1 end 3.1.1.2)
Obtain statisti-zal dats to veri?, o.erall desi-n alequac’ and conformance
*o functional requirenents. )

t) (3..1.1; 3.1.1.2; 3.1.2.4.1)
Ootain statistical data to verify performance cnaracteris.ics are not
de~raded by e:posure to natural euviron.wnin.

e) (3.1.1.1; 3.1.1.2; 3.1.2.4.2; 3.3.9)
Ootain statistical date to verify perfor ance c.aructeri:tics are not
Gerraded by exposure to induced eonvironuencs.

d) Data required under 4.1.3.l4 siall oce acquired thro.;:. -round environuental

* 8.A11 e acco plis e . im e_ orsance witl

REVISION
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DESIGN SHEET NOMENCLATURE CEI NO. OR CRITICAL COMPONENT
COOE IDENTIFICATION
mmam e sma 1250204
STL8T LATCH ACTULTOR NNITT

CETAIL SPEC NO. qummmsasams—

REQUIREMENTS FOR DESIGN AND TEST

te-ts, environmencal simulation tes.s, ani flicn: .esis. Crne er.izle
s.aL. e eploed for round anc siimla.ed environnen: .es.s. T ree
saples o daira from flisi. testin: s.:all be provided ro.. cateor 1
tesiin- specifie’ for CZT 4030, and two serples of lata siall e provided
Tro.: cate or I inie-raied Fli-~. -estin- of CZI 030 -r1=.. 7°I -010,

e) T a 1ar0 tL.e recerence ::a)l Se e tie aL nish t.2 relesse <l mel
sezires & velue of 22.05 C; L.e., 0,70 T ain.

2y T.a-e letch ectoa.or release s;all Le congidered erec:cer ‘rien e latc:s
119 .82 a clearance o 0,1250 incles wi . - & 'ai~- ¢ rizer 20 =7 a3 2%
.e lsic: 1lip release are -encracted - < .e -oiliOn O ..# lail.. elo na e
latcs piver.,

*) Sta'e lane . aczuator .ni. parareters o te satpled s.all consi-. 3f L.e
“ollowin-:

(1) Presa.—e vec<sel 11l tine referenced to A/3 pne: atic ~anifold _elfu-

load s.ar: 3i-mal.

?. w33 .re vessel .ell i [enperature and pre-eure .rin-

(a) 10ad

(v) posceloai to valve activate

(3) Pneuw.atic aczustor e ten-ion posiiion in respec: %o relesse si-nal
2ero ine.

E~§ Pne..atic actuator force in respec: to zero ii-c reference,

>

Rclease latch anzular posiiion an: latc.: 1ip rotion Iir r=spect %o
(€) Pressure re-ulator inlet enc outlet pre-sures.

zero :iue reference.
") .ppropriate s:all sample ststistical “es:s s:all be conlic:ed on o2 data,
©.l.i Telie:ilit, les: and Anal:sis
a) (2.1.2.1)
Sifficicn: reliacilit: data 1s acouired fro.; ristorical dsta en: -.rouzr
cestin required oy bL,1.1, b,1,2, L.1.3.2 and U4.1.3.: 20 precliic ..e
ne~eszit  or guditionsl tests to acquire reliavilit: ia:ca.
-.1.2 ZInsincerins Critical Component Qualification
3.2.2.2
CJalificezion requiresents Zor each Iniineerins Critical Component are coniained
in .he referenced gpecification.
Pressure Vessel Spec.
Actuator Spec.
L.2 Cate~or; II Test
s) (3.1.2.2.1; 3.1.2.2.2; 3.1.2.2.3; 3.1.2.7.1)
Perfor: randoml; selected maintenance c¢:tle operstions e:plo in- appropriste
lechnical manuals and pernonnel.
=) (3.3.1.¢) :
Je.consirate operution of the tank pressure “round mopitor, includin- operstion
©of al) conirols and indicators.

{

"

A
’
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OESIGN SHMEET NOMENCLATURE CEINZ 23R ZRITICAL COMPONENT
SO0E IDENTIFICATION
pigitecion

SASCS LG ASTUATOR JSUIT JETAIL SPEC NO. cdmcmesswmamem——

Daindiv s

REQUIREMENTS FOR DEZIGN AND TEST

p—
CTARISTSASISH ZRISS ASUIRIKI Lo
CTT0D LTS3 .. = Lot applicable 2« Reviar 3f Anal:tical leta
le Inspeciion le Dezonstiration - Test
AT, 20 S350 A = .n_ineerin: Test & Zvaluation Z - Preli.d .ar; qualification
T « forzal jualification Z - Peliati'ie: T23t & Analysi-
- Imcinrerdins Irisliczi o lomTemtiot Lslllloavicnm

]

14
iclopurtort N TRIFICATION TOST CATZGORY 3I0TICH L,
b in-daptv o) (3 I T PITITATION
R ichaptortieds Al LTl - Al Bl c] o] =1 11 ED oth e s

1.t .
Iul.l. I : rrele2.D

~.1l.7.<.8,b,¢c

..
oo
:
x
= &
5l
n
g
LN
.
A

3.1.1.2 4 +.1.5.2.0,¢
; t.1.3.h.a,b,¢,
3.1.2
3.1.2.1 s i “.1.2.2.a
- i R WP -1
3.1.2.2
3.1.2.2.1 t.1.3.2.¢7
~.c.a
2,1.2.2.2 X -.1.3.2.¢
4 L.2.a
3.1.2.2.3 % 4.1.2.1,2,3,4
% L,1.3.2.¢
£ . h-l-3c3-‘,b
x L.2.a
3.1.2.2 P3 x L.1.3.2.8,4,¢
3.1l.2.L
3.1.2.%.1 x x b.1.3.2.0
x x L,1.3.400
3.1.2.V.2 4 I s.1.3.L.¢
3.1.2.5 “ % h,1,3.2.%
3.1.2.6 X
3.1.2.7 x
3' 207
2.7
2.8

0 s b o b
.

W WL
.« o @

REVISION ¢ APPROVAL OATE 20 May 196U pace no. 30 or Jd )
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DESIGN SHEETY

CE! NO OR CRITICAL COMPONENT
COOE IDENTIFICATION
piniil e~ o7\

DETAIL SPEC NO . e

NOMENCLATURE

S2AGZ LAICH ACTUATOR UNIT

REQUIREMENTS FOR DESIGN AND TEST

L2000 530

Heh, e

a0 1. L3020

VIRIFICATION CROZS REFZRENCI DID

3% Applizatle 2- feviev of Analjytical Juta

le Inzp2:3ion 3« Deaonsiretion - =Tese
A cniinzering Test 4 Zvaluation 3 - Preliuinar: (uelificazion
T e T3rmipl) Lu2liflcation D - Pelfazilic - Tagl L Anzllits
e lr.in2erin; Iritical Cogponsit Juanliillcailon ’

TRIFIZATICH TEST CATZGORY ZICTICH L.,
e Imed (3) I YIRITICATION
en ] L2 3 - AlB o o) £ 11 FRQUISZEN?
leiea P % PRINCICIT 38 ¢
:%1:‘.‘ X 7 -.1.3.3..:’ €
Da2ecl x .31
S I-ae . ~.1.§
- =
2.2 ~
:'v3-l I --.1.;.1.&
b4 “.1.3.2.4
. 7 L.1.2.3.5,4
; X «“.2.t
,__,2 -.1.2...t
selel x «.1.2.1.¢,d,e
SeSer > .1.3.1.1
:.__32 % 1.3 '8
33 A “ «“,1.3.1.h
3.3.7 “ o L.1.3.1.4
3.3.8 X X b,1.3.1.9
g-goio « x L4.1,3.4.¢
.3. : X L,1.3.1.k
3.3.11 x 3
AEVISION - APPROVAL OATE O MaX 1964 o PAGE NO..LLOF Lo,
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2.0 TOPLEVEL FUNCTIONAL FLOW BLOCK DIA-
GRAMS FOR A SPACE SYSTEM AND A MISSILE
SYSTEM:

2.0 Figure 27. Figure 27 shows an example
of a top-level functional diagram for a missile
(mobile type) system. The diagram contains
the zross functions which must be accomplished
“to meet system objectives. The function num-

AFSCM 373~ )

bers on the top-level functional diagrams arbi-
trarily indicate the relative importance and se-
quence of preparing lower level diagrams; e.g.,
function 1.0 would be expanded first, then func-
tion 2.0, and 3.0, etc.

2.2 Figure 28. Figure 28 shows an example
of a top- and first-level functional diagram for
a 6XX orbiting space system,

Attachment 2
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3.0 RNECTRONIC SYSTEM FUNCTIONAL FLOW
SLOCK DIAGRAMS. Figures 28 and 31 provide
examples of functional diagrams as applied to
a8 4XXL electronic system.

3.1 Figure 29. Figure 29 shows the groes
functions required to totally satisfy the mission
of the system and the relationships between
these functions.

Attachment 2

10 March 1966
3.2 Figure 30. Figure 30 shows the firet-level

exps~~  f top-level function 5.0, “strike effect
eva, - ..
3.3 Zpure31. Figure 31 shows a second-level

expansinn of first-level function 5.2, “strike re-
port verification,” and includes the identifica-
tion of data input/output and data files support-
ing each function.
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4.0 ASRONAUTICAL SYSTEM PUNCTIONAL
FLOW BLOCK DIAGRAMS:

4.1 Figure 32. Figure 32 shows an exzmple
of a top-level functional diagram for an F2XX
seronsutical system. The diagram contains the
gross functions which must bs accomplished to
mest system objectives.

432 Figure 33. Figure 338 shows the first-level
expansion of top-level function 1.0, “Tactical
operations.”

Avachment 2

10 Merch 1946

5.0 FACILITY PFUNCTIONAL FLOW BLOCK DIA-
GRAMS:

S.1 Figure 34. Figure 34 shows sn example
of a second-level functional disgram for facili-
ties, which expands the first-level function 3.1,
“Maintsin fized and protective environment.”
$2 Figure 35. Figure 35 shows a third-level
functionsl diagram ezpanding ths second-level
function 3.1.1, “Generate and distribute power.”
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60 REQUIREMENTS ALLOCATION SHEET:

6.1 Figures 36 and 37. Figure 36 is an ex-
ample of a requirements allocation sheet (RAS)
which would be completed at the point of block
22 of exhibit I. Figure 37 shows the functional
disgram containing the functions which have

AFSCM 375-5

been translated into design requirements on the
RAS.

6.2 PFigure 38. Figure 38 is another example
of a requirements allocation sheet (RAS) show-
ing more detailed information in the facilities,
personnel, and training areas.

161 Attachment 2
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Rgwre 37.  Fusciionsl Disgram of inloprate and Service $5LS.
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7.0 TRADE STUDY REPORT. Figure 39 is an quantities of loaded propellants. The actual
exampie of a Trade Study Report on determin- Trade Study Report would consist of more data
ing a design approach for measuring accurate than are practical to show in figure 39.

Attachment 2
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viTLe TRAOE STUDY
“CE Comparison cf M8tnols for 173
. Measuring Juantities of Loaded REPOAT NO. ——
Industries | = oare 13 Sep
L. J:ize. T-nis trade study report presents aL evai.ati:ca I zetridg fIr
—_ .
~eaz.r.n, tne joantities -f _caded propellacts enc sesomsernas 8 fpecili:

zes.sn approacs fir the LXX Space Launco Venicie.

Z. Tanititra_ 202 Tesnnizal Cesizp Requirs=ecnts.

2. -.e ~ase 7 loaded propeliarts (s :ritical ir achieving speciflied 3SOR
ireital insertion requiresents. aAcecrdingly, tne propellant [l8dlis systex zust
te -apatle -f indicating the quantity of t-e propellant loeded i~ eaz: tank to
an aszuracy SP I 2,35% ty weight cf preopeliant required. (Seference Vilsze II,
Document 2¢-5220, dated 2 Aug 64, containing RASs specifying tne regquirements
fzr <re finctisn "Load Propellants”: and trade study AX2340 Venicie Perirwance
AnaLycis, dates 25 July S4.)

L. The 7ol blend cunsists of: 1.0 I 2,%2% nydrazipe (MIL-P-24%3-a);
-7, ming=un JOMM (MIL-P-25€6003); and 1.3% maximum <f water ar: c:iser silutle
Lzparitizs.  The nominal density -Z the fuel tlend at €T I8 3z.:3 Lis.ca ft.
A casic deviation 1o density of the blend of . 0.5% is permitted. The coeffi-
cient of thermal expansion st 65°F 1s .0005753 in/in - °F. (Reference MIL-P-
27432 (JYSAF), z£ April 19€0, page 6, pars 3.8.)

:. Propeliant tegpersturet shall range begveen 25°F o €S7F. ,Asztienmt
se=perntures viil range oetvees 25°F DB and 95°F DB. (Reference Prapeliant
Jtilization 3tudy, 23 August 1764, page 137, pars 36.)

4. Construction materials utilized in the measurement syste= that will
te exposed i:rectly t: tne propellants shall not be adversely affected ty such
exposure and snall De compatidle with the propellante. (Feferepce O DOU RAE
:-:md':oog, )"Z"A:u:'.mg and Storage of Liguid Propeilants,” ! June 13cl, sage 69,
tar .5,

2. The zeasurement systex snail te required 4 perl.m: (o tne rangs of
li3uid pressures from - td 15C psig.

. The zeasurement systes shall be capable of indizating the quantity
:f unused prepelilapt Iwmoved fram each tank after & SCF or Flight Readiness
Firing to an sccurecy of 2 0.3% by wveigkt of propellant removed. 1f peces-
sary, propellant trapped on board, vhich cannot be removed by normal PTPS

zeans after firing tests, shall be accounted for by other msans Cf weasure-
ent or cslcuation.

i. Design Approsches and Significant Design Charscterjstics.
8. Four design spproschbes were selected for study:

(1) Digital Weight System
(2) Zalidbrated Storage Vessels
(3) Sooster Tank High Level Point Sensors

(4) Positive Displacement Flowmeter

APPROVAL v- Siltanen PAGE WO. 1 of &

Figurs 39. Comperisen of Metheds for Momsuring Quantitics of Lesded Prmpelient
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ML TRADE STUDY
Jooparison of Metnods for 17
‘Ace Measuricg uantities of Lcaded REPORT NO. 3
Industries | e oare 15 2P 6

». DPzsitive Uisplacezent Flowmeter.

The f:1ll>sing is s partieal list of typical cnaracteris-i:s reiated to
a Positive Displacement Flovmeter.

7.} i sipe flowmeter zan be calitrated i ar ascurasy F [ I1.15% ig
a test .ljuid.

(2) Tme "A" type flowmeter has been sosked ia :xiiizer li:uii and
7apor Tir t terizd of six weexs tO demonstrate CTTRATLILLLIS Ll :cectiin

and cieaning, tne peter WBs run in Vater tests during vaicn Lt Jandtiiced
sevisfactorily. {(Ref Test Report 15325.)

(3) Tme Zlowdeter deasurement detnod and asscclated 23ul:Tent Pre
shown sche=atizally in Illustrastion 1 Zor the fuel operatizn rn./: -.e scrematis
f3r oxidizer {3 nearly ideatical.

() The operstion of the flowvmeter Dessurement cetnod and assdciated
squipment is indicated in the schesatic disgram shovn oo lilustratico ¢. )

(%) 222., (In tze sctual trade study report, addiziocnal spesific
serfcracnce -apabilities, cperability charucteristics, =airtsizacil ty charac-
teristics, etc., would be ideutified and listed.)

2. Calidbrated Storage Vessel *
1. Zigital weqgnt System *

e. Ecoster Tank Hign Level Point Sensor *

* The signifi:zant caaracteristics of the other three des g ajproacnes would
te stated in separate parsgraphs.

APPROVAL PAGE NO. 2 of &

Figure 39 (Continued). Comperisen of Matheds for Measuring Quentities of Leaded Prepelient
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TITLE TRADE STUDY
‘A c Comparison of Methods for 17
E Messuring Quantities =f Loaded ARPORT NO.
Propellan s
Industries | el oaTe 15 SEP &

ILLUSTRATION |  SCHEMATIC DIAGRAM . FLOWMETER MEASUREMENT METHOD
(PUEL LOADING ONLY SHOWN)
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APPROVAL PACE NO. 3 of &

Figure 39 (Continued). Coamperisen of Motheds for Magewring Quantitias of Loaded Prepelient
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The digital wveight oyn’. was Fejected as 800D a8 it vus verified that the extent
of accusacy ettaimabls vas - 9.15%.

AFSCM 375-8
Tne TRADE STVOY
Camparisco of Methods for
“ E Messuring Quantities of Loaded ATFONT NO. 173
Industries | ™™ oATE 15 SEP &
4. Cowparison Matrix of Design Aporoaches.

Functiopal and Bigh Booster Tank Calibrated Flowmeter

Technical Design Level Point Sensors Starege Vessel

Requirements

1. Accurscy of ? 0.200% 2 3004 $ 0.20%%

2 0.3% by
wveight.

2. Titan Progras ] Used in all Titen II in favor Used for Titsn I JiM

. Exparience R&D missile lsunches, of point sensar lot aissile fuel losd-

in conjunctico vith [sethod for Titan I1 |ings Operaticoal Titan
calidrated vernier [ReD progras. 1 systen uses for fusl
vesgsel. losding also.

3. 8iailar Pro- Unknovn for this [Boes for this appli- |Thor R&D and tacticsl
g Experi- epplicatiocn. cation. programs (oo specific
ence 4ata avsilable).

L. Applicadility | With flowseter replac- {th vernier vessel, |Capable of smesting ell
to Qenind iag vernisrs vessels cAnDot moet time re- jfunctional requirements
launch Vehicle | for topping loads, vill [quiremsuts. If tor losding and unlosd-
(OLV) Progras [ meet time requiremests. [floweeters are used, ling. Requires abortest

Caonot perfore unlosdingltrensfer coptrol PIPS opsration time
seasuresents wWes re- cases soTe complax }for losding and unload-
quired, except vith and errars of sore ing.
vernuier vessel or flov- [dowdtful sagnitude.
seters. Cannot perfars un-
loading measuremsnts
Teguired except
th veruier v :sels
and flowmeters.

S. Reliability [ Adequmte relisbility, |Adequate reliability,|Bxcesds reltadiiity,
MIXP=1000 hre est 1000 hxe est 1000 hre est 2000 hre

6. Competidility [ Titan I experiencs Pitan IT experience |Mester funstico after
vith Propel- indicetes 0o pIoblams. (indicates oo prod- 6-vesk scaking 1o
lacts (See lame . acidiser ot M-D. Rock
item ¢ of Mountain Arsenal
par 3.3) 00 problems vith fusl.

Tests at Wylie Lade will
be used to confirwm.

APPROVAL S of 8

Agwe 39 (Continved). Compericen of Methods fov Measwring Quastities of Londed Propeliant
mm

PASE we.
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AFSCM 375-8
TITLR TRADE STUDY
Campariscn of Methods for 173
WACE Measuring Quantities of Loaded REPORT KO.
Propellant
Industries care 15 SEP 64
b, Comparison Matrix of Design Approsches. (Comt'd)
Mnetional sad d1gh 3coster Tank Calibrated Flocwvzeter

Technical Design

level Point Sensors

Storage Vessel

time required.

coement . )

Requiremects

T. Pracurability | Sensors and vernier Procurenent <f SV wiza | Flovemeters avagilable
797 GLY re- vegsgel zan reet bulkheads and vermier "sffetheespell" I3
Juired at AD scriedule, Special vessel. Crectal tulili |iay lead tizme.
Aug 13 bulld {tem. 120 itea requires 24l day
required at day lead tize. leud time. Scredule
Cape Dec 19 wvould be tignt.

3. Maiotein- Maigtenance by replace- | Bulkheads ip PSV -axper | feriodic zleacicg
apility. ent of sensors. (See | cleaning eff:rts. ist fand recalibtrasiza ¢
Minizum pad {lowvmeters for further | be cleaned i1 ;lace. —erers, an te re-

=ored for saintenance
SpAre meters resuired
T2 zrotest varranty,
sanufacture sust 40
~eter <isassembly

avl reasgemdly ‘or
sleanirg.

9. Operability-.- | Sequires skilled Same ag poirnt seas:r Same as point sen-
J0 not require | operators to make nethod. s<r methad. Hovever,
ary peculiar somputations defcire tals zetncd, depends
or difgisule 1>eding and in sppli- least =n operator
skills. cation of correction 8K1ili tran Cther

facicrs. zethods due to
autcnatic veight
deternination capa-
bility.

10. Safety (see Safe Hazardous because Safe
item 4 of operators are required
par 3.3.) in the fuel and oxi-

dizer foras during
loading operstions.

1, Cost 1.7 a1llion (includes 1.5 milldon 1.062 million
flovmeters required See Table I
fo:" topping loads and
veruier vessels)

12. Producibili 7 | N/A /A N/A

13. Vulnerability {N/A N/A N/A

1., Srovth Poten- | N/A N/A N/A
tial

15. Etc. Etc. Btc. Etc.,

APBROVAL PAGE MO, I )
Rgure 29 (Continved). Comparison of Metheds for Measuring Quantities of Loaded Prepeilent
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TITLE TRAOEZ STUDY
Camparison of Metbods for
“c E Messuring Quantities of Loaded REPORT NO. 173
l = Propellant
dustries bATE 15 SEP &4

$. Recommended Desigp Approach.

The pcsitive displacement flowmeter is recamsended for the folloving reasons:

a. A flowmeter accuracy of 0.z2% is attaipable and meets the rejquiregpents
of the overnll mesguremcnt system. (Best accuracy Of those examiped.)

b, Mairtepance iacluding calidration ¢f the flowmeters 1s readily eccom-
piished on & remove and Teplace ®asis to minizize pad time,

c. It meets ali functiocoal requirements including time constraints, in
terms of establishing tbe load ip individual LV tanks in the shortest PIPS
operation time (dusl loading technique).

d. Measurements of propellants removed from ipdividual tanks after SCF
and FRF can be readily accomplished wvithout additional equipment.

e. The method depends least of those examiped on the skill of the uperstor.

f. The cazponents sssociated vith the system are "off-the-shelf” and readily
available.

g. It 1s easily adpated to supporting the point sensor method if experience
indicates the peed for an alternativs.

h. Illustration 3 is a mechanization diagraz showing the positive
displacement flovmeter within the fuel distribution unit.

APPROVAL PAGE %O. 7 of 8

fAigure 39 (Continved). Camparison of Motheds for Mogsuring Quentities of Loaded Prepeliont
173 Atachment 2
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8.0 SCHEMATIC BLOCK DIAGRAMS:

8.1 Hgure 40, Figure 40 is an example of &
schematic diagram portraying the functions in-
volved in a communications subsystem.

8.2 Figures 41, 42, ond 43. Figures 41, 42,
and 43 show an example of & family of related
schematic diagrams pertaining to a standard-
ized launch-control systam 9XX developed as

178

AFSCM 375-8

an entity to interface with an existing launch
vehicle, spacecraft, and facility. The figures
portray three levels of detsil of schematic
diagrams.

8.3 Pigures 44 and 45. Figures 44 and 45 are
examples of schematic diagrams for a propel-
lant transfer and pressurizstion subsystem.
These diagrams relate to the trade study exam-
ple provided in paragraph 7.0.
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{
9.0 TIME LINE SHEET. Figure 46 provides an
example of a time line for the time critical
function, “Launch countdown.”
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10 March 1966 APSCM 375-8 )

10.0 DESIGN SHEET. Figure 47 is an example panel CEI
of a design sheet for a communications control
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AFSCM 375-5 10 March 1966

CESIGN SHEET NOMENCLATURE CEINC OR CRITICAL COMPONENT
CODE 1I0ENTIFICATION
COMMUNICATIONS CONTROL PANEL (2CP) JuSETEA

DETAIL SPEC NO. e,

REQUIREMENTS FOR DESIGN AND TEST

3. Requiregents
Perforzance, design, and construction requiresents specif‘.ed rerein are applicatle
the Cammunications Control Papnel (CCP). Tre CCF 1s a part of the Ground Ziectronic
Subsysten (GES).
3.. Performance
2.1.1 7rubpctiona]l haracteristics
The CCP snall provide the capability for selecting among Zesignated >coxunications
paths both receipt apd initiation of voice communications, and shal. alsc provide
the capability for signaling, moaitoring, and displa ing siatus =7 tne various
campunications lirks and chanpels.
3.1.1.1 Primary Performance Charscteristics
FUNCTION a) A selection capability shall permit connection Of the handsev or headset tc
2.6.11 the following voice compunicetion paths:
(1) Laupch facilities (LF)
Dial lines 1 and 2 (TELCOM 1 & 2)
dardened Voice Channel (HVC)
Exergency War Crder I (EWO I)
Emergency War Order II (EWO II)
Security Control Center (SCC)
Instrument Control Center éICC )
High Frequency Rsdio Link (HF)
Ultre High Frequency Radio Link (UEHF)
§ Very High Frequency Radio Liok SV!F)
Inter-Phone Communicaticns ( IPC
FUNCTION b) An audio mouitoring cspabidity sball be incorporated for the TELCOM, HF, UNF,

P S~ T~ S~ N P~

-
t: ONO (D=3 A Fuw
Nt et N et sl Vgt Mgt P s it

2.39.3 azd VHP links.

FUNCTION ¢) Sigoaiing capability sball be provided for selectively alerting other

2.39.4 facilities to incoming cammunications.

FUNCTIN d) Visusl ipdjcation of individual voice path traffic status sdall be

2.99.€ provided.

FUNCTION e) A common audidble slarm shall be provided to slert the CCP operstor to incaming
2.39.7 camounications fram any of the camsunications links identified in 3.1.1.1 a.,

excepting for the LPF-IPC (3.1.1.1 a.11).
FUNCTION f) Provision shall be made to permit connecting & single telphone dial to

2.4b.20 either of the tvo dial lines (TELCOM 1 & 2).
FUNCTION g¢) Individusl visusl indicstors shall be provided to indicste receipt of &
2.45.2 Prisary Alert Systes (PAS) message fras either the Strategic Alr Cammand

(8AC) or the Numbered Air Farce Hesdquarters (NAFH) circuits.
FUNCTION h) Tvo separate and distinct audidle alars tooes sball be provided to indicate

2.45.3 status of the Message Prooessing Comtrol Systes (MPCS).
FUNCTION 1) A pre-esptive sudio mcnitoring capability sball be provided for the 279L
2.k5.4 oessages over all other audible signsls et the CCP.

J) The CCP shall meet the applicable req:iremsnts of the Csble Subsystes
Trensaiesion criteris docusent MPO-ER-11-5-400, and of Weapon Effects criteria
docusent QM 75269,
3.1.1.2 Secoodary Performance Charecteristics
FUNCTION s) The CCP shall be equipped vith controls for initiating the function of
2.6.11 switching the handset or beadset from coe talking peth to another.

MEVISION B APPROVAL B BIACK oate % Jup 1965 ____eace no.dorld

Fgure 47. Design Sheet tor Communications Contrel Panel.
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10 March 1966 AFSCM 375-8

ORSIGN SHEET NOMENCLATURE CEI NO. OR CRITICAL COMPONENT
CODE IDENTIFICATION
COMUNICATIONS CONTROL PANEL (OCP) }9678A

DETAIL SPEC NO. e

REQUIREMENTS FOR DESIGN AND TESY

b; The coatrols shall comsist of three banks of locking pushbotton switches.
¢) Each bank of swvitches shall be equipped vith a single clear buttom vhich
shall relsase any locksd switch to its normal positiom.

4) Only ooe svitch in esch bank shall have locking capability at any ope tise;
depressing & second svitch ip the same bank shall automatically uslock the
firet svitch and allov the second switch to lock.

e) Switch Bank One (SB-1) shall contein ten svitches. Zach 5f these ten
svitches shall control the voice psth tc an individual and separste IF.

£) Switch Bank Tvo (3B-2) shall contain eigst swiiches wvhica ccapect %Ze vcl:e
paths for HP, UHF, VHP, EWO I, EWO II, ¥VC, SCC, and ICC. Ome switca oply
shall connect to one voice path.

g) Switch Bank Three (SB-3) shell contain two svitches: one switch for TELOOM 1
and TELOOM 2; and one svitch for conbecting the IPC vith the LF.

FUNCTIN bh) Controls for audibly monitoring TELCOM, HF, UHF, end VHF shall consist of
2.39.3 four alternate action pushbotton svitches, s panel mpounted speaker, and &
volume cogtrol to adjust the speaker sound level. The TELOOM svitch shall
connect the spedker to eny desired voice patb other than tbe HF, UHF, or VEF
channels. BEach of the redio channsls shall be comnected to the speaker by
depressing a corresponding swvitch. Only one swvitch shall be capable of being
locked i at any one time.
3.1.2 Opersbility
3.1.2.1 Relladilicy
The reliability factor for the CCP shall not be less than .9979 at & confidence

2.2.1 Maintaipability
) Mean time to repeir (MITR) any failed camponent of the CCP desigoated for
organizational maintenance shall not exceed 20 man-aminutes.
b) Mean time to repair (MITR) any failed camponent of the CCP designated for
fisld maintenaace shall not exceed 8 man-hours.
¢) Fault isclaticn nscessary to isclate malfunctiocns to gross areas (e.g.,
equipment reck, copsole) shall be provided. A capability sball be pro-
vided t0 {solate mslfunctions to the draver or equivalent levels with the
CCP in the inatalled configuwretioca.
4) Fsult isolstion shall be sccamplished by matlateaance procedures and/or MGE.
3.1.2.2.2 Maintenance Repair Cycls
a) Schedulsd organizational maintepance shall be required after no less than
each 2000 operating houre.
b) The scheduled maintenance shall be sccawplished in no more than 35 real-
time ainutes.
3.1.2.2.3 Service and Access
e) Indicator lamps and control knodbs shall be replaceadls from the panel frost.
b) The CCP shall dDe removable as & camplete unit from the ccnsole.
¢) Provisions shall be made to minimiie the effort required to disengage the
CCP plug-ia connectors fram tbhs cousole mounted receptacles.
d) A positive plug-receptacle aligmnest provision ghall be incorporsted in

the CCP to prohibit incurring plug-receptacle damsge during CCP removal
or installatiom.

REVISION B__ APPROVAL oate 4% Jun 196S _ race No._2.0F 13,
FAgure 47 {Continved). Design Shoot for Communications Contres Panel.
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AFSCM 375-5 10 Morch 1966

OESIGN SHEET NOMENCLATURE CEl NO. OR CRITICAL COMPUNENT
CODE IDENTIFICATION
COMUNTCATIONS CONTROL PANEL (CCP) 3436704

DETAIL SPEC NO . e

REQUIREMENTS FOR DESIGN AND TEST

Useful Life - Not applicable.
Envirommental
4.1 Non-Operating Conditions
Anbilent tegpersture: no cooling required.
Storage temperature range: -659F to <150°F; duration oot to exceed 15 days.
Sumidity range: O to 100% RE.
Altitude: Sea level to 50,000 ft.; duraticn oot to exceed 50 bours at
altitudes in excess of 7000 feet.
Vidbration = (1) 3.5C RMS fram 5 to 50 cps, double amplitude ii=ic 5.4 inck.
223 1.5G RMS fram SO to 300 cps.
3) vibration can occur in any axis.
3.1.2.4.2 Operating Conditions
a) Humidity Range: 45% to €04 RH.
b) Altitude: Ssa level to TOOO ft.
¢) Shock: Reference-Criteria Document GM75269. 200G peak at equipmeat attach
priats in each of the & directicns.
d) Vidbration: (1) 3G RMS fram 2 to 8 cps, doudble amplitude limit less than
6 inches.
é? 20 FMS from 8 to 2000 cps.
3) vidbration can occur in any axis.
3.1.2.5 Transportability

a) The CCP sball be designed to withstand shipping and handling shocks of 100G
peak acceleration.

b} The CCP sball be trapsportabls by aircraft and motor vehicles.

¢) The CCP shall be packaged in such a way as to preclude the possibility of
danage to the panel or components.

d) Before being placed in its shipping container, the CCP shall de totally
enclosed by 8 suitable film material sealed to prevent entry of dust, dirt,
or other atmospbere-vorae cootaminants.

e) Packaging shall be 1p accordadce with appropriste gethods extracted fram
MIL-P-7936.

3.1.2.6 Huzan Performance

8) Design of the CCP including coutrols and displays sball camply vith buman
engineering criteria on conscle and panel layout specified in MIL-STD-803A-1.

b) Controls shall be grouped by functios to minimize cperating effort and
complexity.

c; The basic colors for indicators and svitcbes shell de dlack and vhite.

d4) Positive lock and interlock controls shall be incorparsted throughout.

3.1.2.7 Safety

3.1.2.7.1 Personnel Safety

l; CCP grounding sball be accomplished to conform vith drawing number 00-251437.
b) RP gasksts shall be employed to shield against electrostatic fields.
3.1.2.7.2 , Equipment Safety - Not applicable.
3.1.2.8 HNoise and Vidratico

Camponents shall ot be eoployed in the CCP which simulate the sounds produced by

the sudible signaling devices.

en o runN
e e
~— vvvv'\)‘-"u

o

REVISION B APPROVAL oate b Jup 1965 race n0. A orld
Howe 47 (Continved). Design Sheet for Communications Contral Ponel.
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OESIGN SHMEET NOMENCLATURE CEI NO. OR CRITICAL COMPONENT
CODE 1DENTIFICATION
CCOMMUNTICATIONS CONTROL PANEL (CCP) 24 56TEA

OETAIL SPEC NO.

REQUIREMENTS FOR DESIGN AND TEST

3.2 CEI Definmition
3.2.1 Interfare Requirements
The CCP sbhal . {aterface with the following:
a) Compunicstions Control Console
Ref: CEI Number 1L1506A
t) Intra Site Cabling
Ref: CE1 Numbers 1UO0GTA, 1LO0068A, 1LOOEHA
c) Voice Terminal Equipment
Yef: CEI Nupber 1u6LS2A
d) SAC Cable Trans=ission Squipment (CTE) and Mcni:i:zr Pazg
Ref: CEI Nusber 140112A
e) Zandset
Ref: CEI Nusber 140372A
f) Headset
Ref: CEI Number 14L0352A
3.2.1.1 Schegatic Arrangement
a) Phywical CCP layout
Ref: Drawigg number 00-251437 .
b) Voice Switch and Control Interface Disgram )
Ref: Drawing noumber 00-25-251583
3.2.1.2 Detailed Interface Definition
a) Pover, Electrical
See: Tuble I, "Power Furnished,” Appendix 10-3(a).
b) Sigpal Interfaces
See: Table II, "Signal Iaterfaces,” Appendix 10-3(d).
3.2.2 Jompcnent Identificatich
3.2.2.2 Sovernment-Purmished Property List - lict applizatle.
3.2.2.2 ZIngineering Critical Camponents List - .lot app.izablie.
1.2.2.3 Logistics Critical Camponents List - lct applicadie.
Design and Zonstruction
-1 Cenersl Design Pea‘ures
) The dimensions of the CCP are shova on draving oumbers O01-253R7, "Panel,
Cammunications Control.” The CCP shall be completely removable fram the comsole
by locsening holding screvs on the face of the panei and then Jacking the panel
out of the cansole.

b) Connecting circuits from the panel to the comsole shall be made bty plug-in type
comnectors sounted oa tbhe rear of the panel. Handles shall be provided for
1lifting the panel cut of the comsole.

FUNCTION c) Three banks of switches sball de grouped according to functionp and further
2.6.1 iategreted on the panel to minimize effort and camplexity during systea
opersticn. All svitches shall be notadbly mounted oo the froat of the panel.
Each bank of swvitches sball contain a single clear dutton. Only one switch
shall be capabls of being locked {n at any coe time.
FUNCTION d) A telephone dial, telephons bendset, PM speaksr, and volume controls for the
2.39.3 speaker and handaet/headset to adjust sound levels shall be mounted on the front
of the panel.
3.3.2 Selection of Specifications and Standards

a) MIL-STD-143 shall be the basis for determining usage of specifications sad

standards.

nevision B APPROVAL oarg L Jun 1965 Pace no. b or 13

Figure 47 (Continued). Design Sheet for Communications Conirel Panel,
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TESIGN SnEET NOMENCLATURE CEI NO OR CRITICAL COMPONENT
COODE IDENTIFICATION
' COMMUNICATIONS CONTROL PANEL (<CCP) WSETA

DETAIL SPEC NO. e

SEQUIREMENTS FOR DESIGN AND TEST

T) ALl standards -r specificatiops, :-ther than those established and approved for
use Ty the Air Force =ust be approved ty the procuring ageac) prisr to
incorporaticr.

1.3.2 Materials, Tarms, ard Processes

Stractire, lesisn oI itne ICTF snall lncorporste =aterials, fatrizatiin, assezbly,

and test rejuairexents ic cocpliance with paragraph :.2...2 3f ihe Iystez Specifica-

450, Materials snall Te selected according to :\S:Sﬂ wist 122, Imply vitn

requireneats of MIL-E-415C.

3.,3.,6b Standard and Caczercial Parts.
Parts shall te selested azcording to the followirg priorities:
s8) Pl: Reliabili:y Improvement Plan (RIP) approved parts.
%) P2: RIP parts in the cpprovel cycle.
¢) P3: MIL-3TC Perts.
¢ Yoisture and Tungus Resistance
.3.5.1 PFugus Resistance
The CCP shall utilize pon-nutrient saterials throughout.
5.2 Moisture Resistance

) The CCP shall be protected by s packaging technique to prevent condensstion

during snipment and storage.

) The CCP shall te i{nstalled in & protected, clizatited ecvircmment Jwring
speration.

2,2.6 Corrosion ¢f Metal Parts
Use of dissimilar setals in direct contact sball de avoided unless such petals are
electrolytically campatible. Finlsh shall conform witih requirezents =2 MIL-STD-808.

2,3.7 Intercaangeability and Replaceability

The CCP shall be lirectly interchangeable mechanically and elecstrizally with any

otber CCP,

3.3.3 Workmanship

The CCP shall meet finish requirements of paragrapb 3.2.1.€ of tte System Specifi-

catizn, and skall othervise be constructed and finisbed in aczoriance with tect

comercisl practice,
3.3.9 Electramagpetic Interferecce
a) BShielding shall be esployed on an imdividual basis at the recik level. Shielded
csble/vire shall be used for all signal paths.

b) Twieted peirs shall be employed vhers possidle for all circuits to minimize
vire to vire surge voltage effects.

c) Lines shall be equipped vith isolation transformers to eliminate induced
longitudinal surges.

4) Voltage limiters shall be installed across vindings oo the equipment side of
tranaformers.

3.3.10 Identificsticn and Markings
ldentification and parking sball comply with YV o-8TD-130. Identification plates
shall conform to MS2L123. Comply vith requirements of MIL-T-TOh vhen paint oarking.
3.3.11 Storage
Reference paragraph 3.1,2.4.1.

(14

REVISION B APPROVAL oATE 4 JUD 1965 __ paGE HO.5.0F Q3

Figure 47 (Continved). Design Sheet for Communicetions Contrel Panel.
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10 Morch 1966 AFSCM 375-3 )

CESIGN SHEET NOMENCLATURE CEI NO. OR CRITICAL COMPONENT
CODE IDENTIFICATION
COMMIRTICATIONS CONTROL PANEL (CCP) S-3TTRA

DETAIL SPEC NO. e

REQUIREMENTS FOR DESIGN AND TEST

APPENDIX 12-3 (a)

TABLE I
POWER FURNISHED
SHPCE JOLTAGE STLIRNICE TREQRNCY CLERANCE Pl FHAZZ e
e ~Z4V bt oC A ~n Heae dA
APPENDIX 1i-3 (=)
TABLE 1II
SIGHAL LT AFACZS
SIQIAL B JOLT SITERFATE A 9, OF
SIRAL ‘MES FREQUENCY LZVEL =T pragiol LEES
~+006TA )
Visual Monitor Facglicy-I 3-5 cps N.A. 0 to -2LVDC ZSS060A 1
ZeslE3A
To Visual Monitcr Fasiitity-l0 3-5 cps
Select Lipe Facility-I -

To Select Line Fecility-10

Rng Line Al

Seiect Line Interphones

Select Linz 2ial Line-I

Visual Yonitor Zial lipe-I

Select Line Dial Line-II

Visual Monitor Jial line-Il

Select Line - 4 Radio

Visual Monitor IF Radio

Radic Key Signal

Select Line - UHF Redio

Visual Monitor UWF Radio

Select Line - VHF Radio

Visusl Monitor VHF Radio

Select Direct Line

Visua) Monitor Direct Line

Select EWO I

Visual Monitor EWO I

Select HVC

Visual Monitor HVC

Ring Line HVC (5 separste
Ring Lines) -

Selsct EWO 1I -

Visual Monitor W0 II 3-5 cpo v

w
L]
0
o
o

w
g

38 39

-
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AEVISION 2 APPROVAL oate 4 Jun 1967 pace no. & _oF Q3.

Mgvre 47 (Continved). Detign Sheet for Communications Conirel Poned.
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AFSCM 375-5 10 March 1966

OESIGN SHEET NOMENCLATURE CEI NO. OR CRITICAL COMPONENT
CODE IDENTIFICATION
COMMUNICATIONS CONTROL PANEL (CCP) 3uS6T8A

DETAIL SPEC NO. e

REQUIREMENTS FOR DESIGN AND TEST

APFENDIX 10-3 (b) (Cont.)

TABLE 11
SIGNAL INTERFACZS
SIGIAL OB YOLT LITERFACE i W NO. OF
SIGNAL NAMES FREQECY LEVEL LEVEL Ctl MNo. I.IE'S;
LeltTA
Ring Line EWO IT (3 separate LellncA
Ring ldnes) - N.A. 0 20 -24VIC Lelm A s
lagp Test - 6
Select HF Monitor - 2
Select VHF Monitor - 2
Select Uhf Monitor - 2
Select Tel Monitor - 2
Handset /Headset Output Audio -15DRM - 2
Handset/Besdset Input Aadio -10DBM - 2
Monitor and Alars Auwdio - . 2

REVISION APPROVAL oate L Jul 1965 eace no . loor ld

Figure 47 (Continved). Detign Sheet Jor Communications Centrel Panel.
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DESIGN SHEET NOMENCLATURE ZEINO (2 :=-’ CAL COMPONENT

CQMMUNICATIONS CONTROL PANEL (CCP)

CETAIL 5PED VT meee—

QPEQUIREMENTS FCR DESIGN AND TEST

- QuAlity Assurance Provisizas
a) Perforzance, lesign, and Ionstriction reguirecents spetifjiei ‘n Zeciin 3. are
formally verified Sy tre rrovisicns cf this secticn. Torma. corililaiiinosrall
establish acceptance o7 lesigh and developoent engineering.
) Zach rejuiresent appeariss i Sectiso 3. 15 associates aisn:
{.) vepifi:atisn zetrca(s)

(2) -<est cazegory(s)
(1) suoparagraphs of Sectizg b, wnere tne verifizatiirn il eazsn Zecti:in 3. reguire-
seat has teen accarmodated.
| ) A reference index jroviies "9r s"oun'.ub""/ <2 eacn lextiin I. regiirezent and
correspending Section 4. verification pravisico., The izdex f:.l:vs taregraph +.2.

~.1 Zategory I Test

+.1.1 ZIngipeering Test and T/aluation - [0t applicatle.

%.1.2 ?Prelizinary Qualification Tests - iiot app.icadle.

+.1.53 Tormal Walificatioca Tests
Foreal jualifizgtion tests snall “e =cpducted <o satisfy cgezifi: rajiire=ents < <ne
procuring agency to verify trnat all requirements of Secti:zn :. are satisgsfied.
Successful accomplistment of the verification shall comt‘.:.n.e accertance of design
and developoen® engineering. %qu.imenu of Section 3. wnizn Zeal in TEII reliability
are covered separately 18 paregrapa &.l.w.

Terifizaticrns are organized in sutparagraphs accordiag :: ine zetnid I a:zomplisk-
Sent, Ihe sSetnods are (i, inspection, (2) review of aralytizal :iata, () lezonstra-
tion, sand (L) test.
-.1.2.1 Inspec:icn
Tte Ilitving rejuirements of Section 3. snall te verified ty inszeltiin If tne
T2 a2t the tize and piace of jualificatiosn testirg.
: i Hupen ?er'cn:.ance
: Personnel 3afety
: Interface Fequirements
Schematic Arrangement
Detailed I-terface Definition
General Design Features
Selection of Specifications and Standards
Materials, Parts, and Processes
Standard and Camercisl Perts
Moisture and Fungus Resistance
Corrosion of Metal Parts
VWorkzanship
Electrazagnetic Interference
Identification and Marking
b.1.3.2 Peviev of Avalytica) Dats
The listed requiresents of Section 3. shall be verified by Reviev of Analytical
Data.
3.1.2.1 Reliability; See 4.1.L.
L.1.3.3 Cemonstrations
The ro;lavlng requiresents of Section 3. shall bde verilied by dezonstrstion.
a) (3.1.1) Functicnal Characteristics
Veri'icuion of functional charscteristics shall be accanplisbed by

.
.

;\) (\b
4

I

. .« .
W L W Lo L L L s PO To oy (S
*» o 5 % & s 8 » o

PO OOV EWN - e

[VRVERUNE PR UVE PUR PYR U Y DYREY LS
. . .
(4]
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ODESIGN SHEET NOMENCLATURE SEINC TR ZRITICAL COMPONENT
CIOE l.«ENTIFl"AhON
COMMUNICATIONS CONTROL PANEL (C7P) 456724

JETAIL SPEC

SEQUIREMENTS FOR DESIGN AND TEST

iemonsiratisng 2ondicted inder subparsgrapns T and o,
) (:.l.2.2) Primary Perforzance Characteristics
Secorstrate, Ty randoo selection among <ne varisSis :Imunizations paths, tre
atiziz 27 the CCP ¢o -onnect with any of susn agsrotriately sizulated
b 1o :atisns catns, The cenmonstration snall ~a2e, I azyrorriate sisula-
tiin tearndgaes, verifizatiin of the CCJP2 crapAfteriitics rejuilires i
parasrapn ‘;.-...l.
2) (:.1.1.2) 3Sezcndary Perforzance Characterisziszs.
Cenorstrate creration cof switcning contrsls and ligssean

.....

Iz#z-releacse zrovisions
far <rese zontrcls. The ldexzcnsiration ssnall Inclide zinilated lerwlination I
cne volce patns for all switch baaxs.

4) (3.2.8.2.1) ™aipteinability
Lez3nsirate, ty selection azong camponerts lesigrnated Jor Oorcanizaticnal =zaip-
“enarnce, and exploying appropriate procedures, tnat tne MTTF L@ occitslin resaired
Limits. The itezs seiected shall be determined - szlecticn, The
iezonstraticn shall inciude one (1) randacl, seieczies flell mzintensasnce item.

e) (3.1.2.2.2) taintenance Repair Cycle
One de=cnstration snall be conducted of the schedulel orzanizational zaintenance
ermplosing appropriate procedures. Use of parel we=oval <:Ci Srall te Jdemon-
stratez. The tize factcr for the schedulied zainterance cnall T2 ad'usted to
:onpensate Ior tecrnnician familiarity, and approvez Iy tne Jus.illication tean.

) (3.1.2.2.3) 3Service and Access
The denonstration required by e. shall include verificatzion of sersice and
access reguirepents.

g) (2.1.2.9) Traasportabil ity
A degonstration shall be conducted tO prepare tw:z 22 units fir m=ovezent, and
shall include movement =f these units from e piaze =7 ;av..‘..'..s,,,aca‘.:»g 1]
the environmental test lccation. The demonstraziosn :-3i. verily inclusion of
a:l rezuired pacxing. pacxaging provisions fcr the Il7:.

%) (2,1.2.2) lloise and Vibreticn
Lesonstrate that no components simulate sounds producec Ty tie auditle signal-
ling devices {n conjunction with the primary per:crmance caaracteristics dewmon-

<ration required in 4.1.3.3.

1) (3.3.7) Interchangeability and Replaceability
Interchangeability of the CCP shall be demonsireted by randam selection of s
CCP and subsequent instiallation in the console required for demonstretions of
d, e, f, and g. The requirement that a CCP is interchangeable in terms of aqy
comolo implies that one console shall be compatible with any CCP.

4.1.3.4 Teszs

The folloving requirements of Section 3. shall be satisfied by test and review of

test data.
3.1.2.4.1 Non-Opereting Conditions, Envirommental
3.1.2.4.2 Opermting Conditions, Enviroomental

Environpental tests shall be conducted to verify that the CCP performs properly
during or f:llowing being subjected to rarious environments. Tvwo units shall be
utilized for all eovironmental tests. Before testing betins, these units shall bde
arbitrarily assigoned control numbers CCP-1 and CCP-2.

REVISION B APPROVAL oate L Jun 1965 PaGE NO.. 2 or. 1

Rgure 47 (Continved). Design Lheet for Communications Contrel Panel.
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ZESIGN SHEET NOMENCLATURE CEI NC R ZOIT'ZAL SIMPONENT
COOE 1CENTFIZATION
COMUIITCATIONS CONTROL PANEL (CCP) LieTsA

CETAIL SPEC N e s

REQUIREMENTS FOR DESIGN AND TEST

<) Iuirace Jests

23P-1 snail te stored, in lts salpping container, IOor 3 teriixd I nct Tore thag

_3 darys at 3 tenperature of -£37F and a pressure £ 2.l ‘n:nes =eriury, at a

relative nmidity approximately 170%. At the end 22 <nis zerixd, <he packaged

&4t snall e returmed i azbient temperature anc intacsei. Th2 nit stall te

exiined Iir indicasions If dasage, amd then sn2lli te 5.l exted O Shne sperating

rvzle. The equipnent srall ren oe sub ected tO snocxk testing.
t) 3rocx Testirg

ClP-1 shall withstand applied snocks, with the eculipzent t-arnting, wnlson snall

oot cause equipoent Jdarmage and, or zallfunction. ~lte_erati:in zeass ot 2KGC srall

e 27plied and neasured at tiae ndrmal point of ITP attacs=ent. me s320¢ck ic

e2ace of <ne six directions shall Te applied. This uni<c shall <nen Te ezpioyed

Jir non-cperating vibration testing. The relazive numidity Iurisg Snock testing

741l nit Te controlled.

3) Uitraricn Testing
Mineccerating CCP-1 3rnall be suc'ected to sinuscilal sitrazizrs f .35 ®
from 5 25 30 sps (lizized tO C.4 inchn double ampiitude), 2nd alsc 1.5G RMS froe
2 25 cps. Sweep iusmtion snall ce linited tO one sweep 2t tne-nalfl Octave
rer ~inate, botn increasing and lezreasing in {requency, applled &n eacn )
-atial; rerpendigcular axis., CCP-L shall then be dperacel I ircles.
$3P-1 :nalnion snall te evaluates at tne :onclusion o <nis test awnd
mendatiin rrepared fcor fts disposition. The Material “ev
wrne Timal disposition decisiorn.
d) Al=itide Tests

2lP-c, in iis zacraged ondiziczn, snall Se sub‘ected I 3 nisn altitude tes:,

The unit snall Te placez in a 29id cnaster and the temperature snall te reduted
wne mte >f SOF zer —inute until tne tecperature realnes --3- 2T a zressure
3.4 i0cnes o mersury., The temperature and pressure s-all e zajnzajned for

serixd not 2 exceed 52 hows. The unit snall then e retismed O ajpient

mperature, .npacced and inspected for damage. The unit srall iren be sublect J

cre operating cycle vefore proceeding to high teZperature sicrace tests.

-1 :23ll be subjected tO an envircomental temperatire =f 150YT fir a perizd
not %o exceed 15 days and a relative humidity of 0% to compensate Ior noppro-
tective packaging. At the end of this period the CCP sball be returned 0
apbient tempersture, and at s pressure of 23.09 inches of mercury shall be
sub jected to operating vibration testing.

f) Vibrazion Testing, Operating

CCP-2 shall be subjected to #inusoidal vibrations of 3C RMS fram 2 to 8 cps
(limited to 6 inches double amplitude), and alsn 2G RMS “rom 3 to 2000 cps.
Sweep duration shall be limited to one sweep at one-half octave per mipute, both
increasing and decreasing in frequency, applied in each nutually perpendicular
axis. CCP-2 shall be energized during these tests, and shall de operated 3
cycles upon termination of the vidbration sequecce. CCP-2 cooditicn shall be
evaluated at the ccnclusion of this test and a recomendation prepared for its
disposition. The Material Reviev Board shall zake the final iisposition
desision.

+.1.% Feliability Test and Analysis

Verification of reliability factors specified in paysgreph 3.1.2.1 shall te

by ot

1.3

Cot Wl W W

Cr L0

"

REVISION 3 APPROVAL oate 4 Jun 2365 eace no. 12 oF 13

FHgwre 47 (Continved). Design Sheet for Communications Centrol Penel.
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CESIGN SHEETY NOMENCLATURE CE'NC OR Z®i17'CAL COMPONENT

CODE IDENTIFICATION
WSETEA

DETAIL $PEC NO . s

COMMUNIZATIONS CONTROL PANEL (Z2CP)

REQUIREMENTS FOR DESIGN AND TEST

3.2

«.l.5 ZIngireerirg Critical Cocponent ualilicaticn - lict applicatle.

azoampoisnes = reriew and :owpariscn If aralytical ahd 2X;pcnent nistcorizal data.

The anAl;milsl iala source snall te the Systems engineering reliacilit; analysis
documentation., The histcrica: iata source saai. consist f CCP cacpcopent histories.
These -istliries :Inall Laclzde zest, pricustiin volrme, praduztich 1t sites, 1ot
Jailure retes &1 ~ooes, 15T soreptance test rites, LIt iie Jillire retes and todes,
anc JAIgLnAL appiicaticn nisteries.

The historical data shall te evaluated and or existins evaluaticns snall e sctpared
againgy rellazilit; apalysis predicticms., The CICUiTLSILE SnRLL te Ia5%L OZ Ine L€
oorzal distridbution of failures, ana Aprropriate s:atistical technijues esa’l e
e=ployed il corclude trne analysis.

.o =

Zategor, II Test . llot appli:atle.

REVISION

B APPROVAL oaTE W lun 1988 _eace oAb or. il

Figure 47 (Continued). Durign Sheet for Communications Contrel Fonel.
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QESIGN SHEET NOMENCLATURE CEINO CR CRITICAL COMPONENT
CODE 1DENTIFICATION
COMMUNICATIONS CONTROL PAMEL (CCP) L5ETEA
QETAIL SPEC NO s
OEQUIREMENTS FOR CESIGN AND TEST
TIRIFIZATION CRCSS REFrTREICE LITEL
METHELD LESET: LLAL - liot Appliczable 2 - Feview ¢l AnAaL LIzl Can:
- - Inspectior > . Zenmirstration ~ - @3t
‘AT, I ZCER: fe-IZpainesring Jest 4 Zvaluaticn SePrellnirary gaalilizasisn
cerormal Qualilication Z-Reliapility Test & Anal sis
CeInsineersos Irisical Component Jualiflzatiln h
t
SZCTIM 3.3 VIRIFICATION EST CATEGORY SECTICH .0
FELRDZDT STTUCL(Z) I 11 TIRTIZAZICH
FIFEREICE dAalot:zT:0+ S alal~ e le EAUTRMET
.0 <
3.1 %
3.1 x x )
1.0, X X
Tae.l2 % X
I.i.2 “
T.i.8.2 < 3 “il.w
.l1.2.2 X
3.1.2.2.1 X X
KPP e ‘ 4
1.2.2.2.3 % X
1.0.2.3 <
1.1.2.+ X
1,0.2.4.1 b3 x
3.0.30802 < <
1,2..2.5 x x
3ei.2.6 % x
3.1.2.7 %
3..2.7.1 x x
3.l.2.7.2 x
3.1.2.8 x X
3.2 X
3.2.1 x x
3.2.1.1 x x
3.2.1.2 x x
3.2.2 x
3.2.2.1 x
3.2.2.2 x
3.2.2.3 x
REVISION B APPROVAL oaTe L Jun 1369 PAGE NO..22.0F _ad
Figure 47 (Continued). Detign Sheet tor Communicetions Contrel Penel.
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CESIGN SHEET NOMENCLATURE JEINS LF I3 T ZAL IIMPCHENT
CI0E TENTIFIATITN
CALUNICATIONS COITROL PAZL (2CF) T2l
CETAIL SPEI N e
PECUIREMENTS FSR CTESIGN AND TEST
TIRIEIZATICN TRESS ATERENCT DI (Cin:.

- Feview I Aralytizsl Iztz

I o. Cermznstratliin -~ = Tecs

ZTITION LI VR ITIZATIO TEZST CATEGORY SICTICL -0
S meemor— s .....(-\ .

T W . s — s - -

- e e ¢ - s L3 L3 — -

SIS RS IhA (4 O B - vl-]=

5 M bl i
3 K4 X bemslew
2 x x L.1,.3,

: “ X 4.2.%.2
: iz | < ~.1.:.2
: 4 x s.a03.l
. - 1 s = s
2.2 “ X $odelva
3.5.7 % x “,1.3.34
.22 x x L,2,3.2
P A X S.i.z.z
LR < | b« $.0.0.1
..

REVISION

APPROVAL

Attachmen? 2

6 Jun 1965

Fgure 47 (Centinued).

DATE

Design Sheet lor Communicetions Contrel Panel.

202

PAGE NO. A3 OF L1




10 March 1966 AFSCM 375~ )

11.0 FACILITY INTERFACE SHEET. Firure 4» electro-theodelite ~et. izimuth alignment.
15 an example of a facthiv imcerface sheet for an
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120 ENDITEM MAINTENANCE SHEET. Fiirure ond indenture of radio et AMGRC 132. A
49 is an example of an end item maintenance portion of the corresponding RAS for the test
-heet for a telephone repeater which is the sec- maintenance function 1s shown in figure 50.
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