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M L- STD-470B
FOREWORD

1. This mlitary standard is approved for use by all Departnents and
Agenci es of the Departnent of Defense.

2. Beneficial comments (recommendations, additions, deletions) and any
pertinent data which nmay be of use in inproving this docunent should be
addressed to: RADO RBE-2, Giffiss AFB NY 13441-5700 by using the sel f-
addressed Standardization Docunent |nprovenent Proposal (DD Form 1426)
appearing at the end of this docunent or by letter.

3. This mlitary standard consists of basic application requirenents,
specific tailorable naintainability program tasks, and an appendi x which
includes an application natrix and guidance and rationale for task selec -
tion.

4. Mintainability and the neans through which it is achieved affects
conbat cul pability, survivability of the conbat support structure, nobility
requirenents per unit, nanpower requirenents per units, and life cycle
costs (LAQD. Mintainability prograns nust take cogni zance of such ef -
fects during the acquisition process and |inkages between naintai nability
and its wvarious "costs" (acquisition, overall nanpower/ per sonnel ,
training, support equipnent, etc.) and operational effects nust be
established. This is consistent wth the Ar Force "R&M 2000", the Navy
"Best Practices Approach” and the Arny "Reliability Initiatives" prograns.

5. HBEfective naintainability prograns nust be tailored to fit program
needs and constraints. Including readiness, mssion success criteria, Life
Gycle osts (including nmanpower, personnel and training (MPT)), Logistics
Support Analysis (LSA) and testability/di agnostics considerations. Thi s
docunent is intentionally structured to discourage indiscrimnate blanket
appl i cations. Tailoring is forced by requiring that specific tasks be
selected and identified wth essential infornation relative to inpl enenta-
tion provided by the Gontracting Activity.

6. Muny of the tasks solicit facts and recommendati ons fromthe contrac -
tors on the need for, or scope of, the work to be done rather than requir -
ing that a specific task be done in a specific way. The sel ected tasks can

be tailored to neet specific and pecul i ar program news.

7. Athough not all enconpassing, the guidance and rational e provided in
Appendix A are intended to serve as an aid in selecting and scoping the
tasks and requirenents.

8. This revision contains the foll owng fundanental changes from M L-SID
470 and 470A
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a. Increased e nphasis has been placed on the need for including test -
ability considerations as part of the Mintainability Program Recogni -
tion has been given the fact that Built-in-test (BIT), external test sys -
tens and testers critically inpact not only the attai nnent of naintai na -
bi Ililty design characteristics but acquisition and life cycle costs as
wel | .

b. Increased enphasis has been placed on considering naintainability
program needs at all three levels of naintenance (Qganizational, Inter-
nedi ate, and Depot).

c. Increased enphasis has been placed in the Mintai nability Program
effort in obtaining Logi stics Support Anal ysis (LSA) input data.

d. Increased enphasis has been placed on providing for the inpact of
schedul ed and preventive nai nt enance
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1. SOCPE

1.1 PRurpose. This standard provides task descriptions for naintanability
program The Tasks, as tailored, wll be applied to systens and equi pnent
devel opnent, acquisitions and nodifications. Software naintainability is not
covered by this standard.

1.2 Applicability .

1.21 Applicability of standard .  Tasks described in this standard are to be
selectively applied in Departnent of Defense (DoD contract-definitized pro-
curenents, request for proposals (RP). statenents of work (SO, and Govern-
nent i n-house devel opnents requiring nai ntai nability prograns for the devel op-
nent and production of systens and equipnent. The word "Contractor™ herein
al so includes Gvernnent activities devel oping mlitary systens and equi pnent.
For NATO col | aborative projects, this standard is to be used in conpl ying wth
the contractual Mintainability Programinpl enentati on requirenents of STANAG
4174, "Alied Reliability and Mintai nability Publications”.

1.2.2 Application guidance . In determning the applicability of the tasks
Pelrleln é;ma tarforing themto a program the followng principles shall be
ol | oned:

a. BEvery programis different.

ter t_b. Bvery design involves conpromses anong different desirabl e charac-
eristics.

c. Prograns nust achi eve a bal ance between operational need, equi pnent
per f or nance T(| ncluding Reliability, Mintainability and Supportability as well
as ot her perfornance needs), costS and schedul e.

d. Mintainability tasks vary in their nature from one acquisition
phase to anot her.

Application guidance and rationale for selecting tasks to fit the needs of a
particul ar naintai nability programare included rn Appendi x A Appendi x A does
not inpose contractual requirenents.

1.2.3 Tailoring of task descriptions . Task descriptions are intended to be
tailored as required by their users as appropriate to particular systens or
equi pnent program type, nagnitude, and need.. Wen preparing a proposal, the
contractor is encouraged to include additional tasks, alternative tasks, or
task nodifications wth supporting rationale. The "Details to be Specified"
paragraph under each task description is intended for listing the specific
details, additions, nodifications, deletions, or options to the requirenents
of the task that should be considered by the Qontracting Activity (CA when
tailoring the task descriptionto fit program needs. "Details" annotated by an
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"(R" (required) shall be provided to the contractor for proper inplenentation
of the task.

1.3 Mthod of reference . Wen specifying the task descriptions of this
standard as requirenents, both the standard and the specific task description
nunber (s) are to be cited. Applicable "Details to be Specified' shall be
included in the SON .

2. REFERENCED DOCUMENTS

2.1 Covernnent docunents

2.1.1 Sandards and handbooks . The fol | ow ng standards, and handbooks forma
part of this docunent to the extent specified herein. Uhless otherw se speci -
fied, the issues of these docunents are those listed in the issue of the
Departnent of Defense Index of Specifications and Sandards (DD SS and sup -
pl enent thereto, cited in the solicitation (see 6.2).

STANDARDS
M LI TARY

M L- STD- 280 Definitions of ItemLevels, Item
Exchangeabi lity, M odels, and Rel ated Terns

M L-STD 471 Mii ntai nabi | ity, Verification/Denonstration/Eval -
uation

M L- STD- 721 Definitions of Terns for Reliability and
Mai ntai nability

M L- STD- 785 Reliability Programfor Systens and Equi prent

Devel opnent and Producti on
M L- STD- 1388- 1 Logi stics Support Analysis

M L- STD- 1388- 2 DCD Requirenents for Logi stics Support
Anal ysi s Record

M L- STD- 1629 Procedures for Performng a Fail ure Mdel
Effects and Criticality Analysis

M L- STD- 2165 Testability Programfor H ectronic systens
and Equi prrent
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HANDBQOCKS
M LI TARY
M L- HDBK- 472 Mai ntai nability Prediction

(Whless otherwse indicated, copies of federal and mlitary specifications,
standards, and handbooks are available fromthe Naval PRublicCations and Forns
Center (Attn: NRADG), 5801 Tabor Avenue, Philadel phia PA 19120-5099. )

g(})pi es of the DIOSSs are available on a yearly subscription basis either
romthe Sjgerlntendent of Docunents, WS Gvernnent Printing Gfice, Véshi n% -
ton DC 20402-0001 for hard copy, or microfiche copies are available fromthe
Drector , Navy, Rublications and Rrinting Service. Qfice, 700 Fobbins Avenue,

Phi | adel phi a PA 19111-5093.)

2.2 Qder of precedence. In the event of a conflict between the text of
this docunent and the references cited herein, the text of this docunent takes
precedence. Nothing in this docunent, however, supersedes applicable laws and
regul ations unl ess a specific exenpti on has been obt ai ned.

3. TERM5, DEFINITIONS, AND ACRONYMS

:;.2% Ter ns. The terns used herein are defined in ML-SID 280 and ML-SID

3.2 Definitions. Definitions applicable to this standard are as fol |l ons

a. Tai |l oring. The process of evaluating individual potentia re-
qui renents to determine their pertinence and cost effectiveness for a specific
system or equi pnent acquisition, and nodi fying these requirenents to ensure
that each contributes to an optinal bal ance between need and cost. The tailor-
ing of data requirenents shall consist of determning the essentiality of
potential CDRL itens and shall be limted to the exclusion of infornation
requi renent provisions

b. Acqui si ti on Phases:

(1) Conceptual (GONCEPT) Phase : The identification and expl or-
ation of alternative solutions or solution concepts to satisfy
a val i dat ed need.

(2) Denonstration and Validation ( DEMWAL) Phase: The period when
sel ected candidate solutions are refined through extensive

study and analysis; har dwar e devel opnent, if appropriate ; test;

and eval uati on.
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(3) Rull-Scale Devel opnent (FSD Phase :  The period when the
systemand the principle itens necessary for its support are
designed, fabricated, tested and eval uat ed.

(4 Production (PRCD) Phase : The period from production
approval until the Tast systemis delivered and accept ed.

c. Mdification : Mjor engineering changes to an existing equi pnent
or systemto effect inprovenents in designed capabilities or characteristics.

_ d  SystentSubsystemiEquipnent : A general termreferring to the end
itemor itens to be obtained fromthe acquisition. The termis synonynous W th
the term "itemi as defined in ML-SID 280 and ML-SID 721. Syst ent Sub-
syst ent Equi pnent i ncl udes the fol | ow ng | evel s:

System
Subsyst em
Set

G oup

Uni t

Assenbl y
Subassenbl y

~NOoOOITR~WNE

any of which nay be the objective of the acquisition.

3.3 Acronyns

ADM - Activity-Acquisition Decision Menorandum

ANVSDL - Acqui sition Minagenent Systens and Data Requi renents Gontrol
Li st

Bl T(E) - Built-in-Test (Equipnent)

CA - Contracting Activity

CDR - Oitical Design Review

CDRL - Contract Data Requirenents List

a - Configuration Item

CONCEPT - Concept ual

DCP - Deci sion Coordinating Paper

DEMVAL - Denonstration and Validation

DD - Data Item Description

DW MA - Drect Manhours per Maintenance Action

DCD - Departnent of Defense

DCD- ADL - Departnent of Defense Authorized Data List

FVEA - Failure Mode and Effects Anal ysis

FMECA - Failure Mde, Effects and Citicality Analysis

FSD - full Scal e Devel oprent

GFAE - CGovernnent Furni shed Aeronautical Equi prent

GFE - Covernnent Furni shed Equi prent

I LS - Integrated Logistics Support

LSA - Logistics Support Analysis
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LSAR - Logistics Support Analysis Records
MD - Mintainability/ Testability Denonstration
MNS - Mssion Need Statenent
MPMIT - Mean Preventive Mintenance Tinme
MPT - Manpower, Personnel, and Trai ning
MR - Maintenance Ratio
MIBM - Mean Tine Between M ai nt enance
MIBPM - Mean Tine Between Preventive Mi ntenance
MITR - Mean Tine to Repair
MITRF - Mean Tine to Restore Functions
MITRS - Mean Tine to Restore System
MITS - Mean Tine to Service
MIUT - Mean Equi pnent Corrective Maintenance Tine Required to
Support a Unit Hour of Qperating Tine
NATO - North Atlantic Treaty O ganization
ars - Of the Shelf
PCB - Printed Grcuit Board
PDR - Prelimnary Design Review
PMD - Program Managenent D rective
PMP - Program Managenent Pl an
PRCD - Production
RFP - Request for Proposal
SOV - Statenent of Wrk
STANAG - Standardization Agreenent (NATO

4. GENERAL REQUI REMENTS

4.1 Mintainability program . The purpose of the Mintainability Programis
to inprove operationa read ness, reduce nai ntenance nanpower needs, reduce
life cycle cost and to provide data essential for nanegenent. The oy ective is
to assure attainnent of the naintainability requirenents of the acquisition :
The contractor wll establish and naintain an effective naintainability pro-
gramthat is planned, integrated, and devel oped in conjunction wth other
design, devel opnent, and production functions to permt the nost cost-
effective achievenent of overall programobjectives. The naintainability pro

gram w Il include the nanagenent/technical resources, plans, procedures,
schedul e, and controls for the work needed to assure achi evenent of nai nta na -
bility requirenents. Procedures will be established which assure that nai n-
tainability engineering is an integral part of the design process, includng

desi gn changes. The procedures wll identify the neans by whi ch naintai na-
bility engineering contributes to the design of the systemor equi pnent ac-
quisition includingits fault detection and di agnostics subsystens at organi -
zation, internediate, and depot levels of application. In addition, the neans
through which naintainability engineering tasks interface wth the logistics
support analysis (LSA) process and other related disciplines (i.e., relia-
bility, value engineering, safety engineering, etc.) wll be identified. The
program wll be devel oped to suit the type of systemiequi pnent, the phase of

the procurenent (GONEPT, DBWAL, FO or PRD. and its nature (devel opnent,
production or nodification). The programw || be consistent wth the criti-
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caity of the mssions, the severity of the requirenents, the conplexity of the
desi gn, coomonal ity, and the nanufacturing techni ques required.

4.1.1 Mintainability programinterfaces and coordi nati on. The contractor
nay be Tasked to utilize nantanability data and infornation resulting from
applicable tasks in the naintainability programto satisfy the LSA and LSAR
requirenents called out in ML-SID1388-1 and -2. Al naintainability data and
infornation used for all |ogistics support and engi neering activities invol ved
throughout the life cycle of the systentsubsystem eq]w prent wll be based
upon, and traceable to, the outputs of the naintainability ﬁrogram Sone of

the sane types of tasks, analyses, etc., called for in this standard (for
exanple, failure nodes and effects analysis) are also called out for the
purposes of other program requirenents. Feliability program requirenents
(ML-SID-785), in particular, contain tasks and anal yses related and simlar
in purpose and obj ectives to tasks 102, 103, 104, 204 and 207 of this standard.
Testability Program Requirenents for Hectronic Systens and Equi prents (ML-
SID 2165), in particular, has a significant interface wth a ng ority of tasks
identified in this standard. To avoid duplication of effort, perfornance of
such tasks, or analyses wll be coordi nated, and where possibl e conbi ned wth
simlar tasks called for under other programel enents.

4.2 Quantitative requirenents: The system naintainability requirenents es-
sential To the mssion and its support and the subsystemiequi pnent nai ntai na-
bility requirenents essential to support at the various |evels of naintenance
activity (organization, internedi ates depot), wll be specified contractually.
Quantitative requirenents for the system all na or subsystens, and equip-
nents, wll be included in appropriate sections of the system and item
specifications. The sub-tier values not established by the CA wll be es-
tablished by the systemor equi pnent contractor not |ater than a contractual |y
specified control point prior to detail design. Mintainability requirenents
nmay be structured as functions of tine, nan-hours or in terns of the attributes
of fault detection and isolation subsystens. Exanples of quantitative nea-
sures to be considered for contractually specified requirenents are. Man
Tine-To-Repair (MTR, Man-Ti ne-To-Restore-System (MTRS), Mssi on-Ti ne- To-
Restore-Functions (MTRF), DOrect Mnhours per Mintenance Action (DMHMY,
Mean Equi pnent Corrective Mintenance Tine Required to Support a Lhit Hour of
(perating Tine (MUN), Mintenance Ratio (MR, Mean Tine to Service (MTY,
Mean Ti ne Between Preventive Mintenance (MBPV, Man Preventive Mi nt enance
Tine (MPM), Pobability of Fault Detection, Proportion of Faults Isolatable
and Reconfiguration Tines. Such requirenents wll be capable of certification
through Mintai nability/ Testability Denonstration (MD). The quantitative
nai ntai nabi lity requirenents for systens/equi pnents wll be stated in terns of
a "Required" (worst case) val ue. It is desirable to associate wth each
"Requi red" value a "design goal " (desired) value. Measures sel ected shoul d be
consi stent wth any systemread ness paraneters, mssion requirenents, support
cost objectives and naintenance nanpower constraints;, neasures should be
related to operational values and be traceable through all phases of the system
life cycle and between programobj ectives and contract requirenents.
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5. DETAI LED REQU REMENTS

5.1 The followng task descriptions are divided into three general sec-
tions: Section 100, Program Surveil |l ance and Qntrol; Section 200, Design and
Anal ysis; and Section 300, Eval uation and Test .

6. NOTES

(This section contains Infornation of a (rqeneral)
or exPI anatory nature that nay be hel pfu . but
IS not nandatory.

6.1 Intended use. This docunent is for use of Departnent of Defense con-
tracti ng activities, Qvernnent |n-house activities, and prine contractors or
subcontractors involved in equipnent/system acquisition where a nantai na-
bility programis required. It wll guide the custoner in inposing na ntai na-
bility tasks upon contractors and guide the contractor in conmuni Cations wth
its custoners. This docunent shoul d not be used to establish requirenents

6.2 Issue of DSS. Wen this standard is used in acquisition, the ap-
plicabie issue of the DO SS nust be cited in the solicitation (see 2.1.1).

6,3 Data requirenents . The foIIoWn&IEata | tem Descri _tionsD(JD[B) nust be
listed, as appliicabie on the Qontract a Requirenents List (CD Form 1423)
when this standard is applied on a contract, in order to obtain the data,
(acztgpt where DD FAR Suppl enent 27.475-1 exenpts the requirenent for a OD Form

Task D D Nunber DD Title

101 D - MNTY- 80822 Mai ntai nability Program Plan

103 D - IWNTY-80823 Mai ntai nability Status Report

104 D - MNTY- 80824 Data Col |l ection, Analysis and
Corrective Action System Reports

201 D - MNTY- 80825 Mai ntai nabi lity Mdeling Report

202 D - MNTY- 80826 Mai ntai nability Al ocations Report

203 D - MWNTY- 80827 Mai ntai nability Predictions Report

204 D -R-7085A Fail ure Mode, Effects, and
Oiticality Analysis Report

205 D - MNTY- 80828 Mai ntai nabi lity Anal ysis Report

206 D - MNTY- 80829 I:)II\/IatintainabiIity Design i teria

an
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Task DI D Nunber DDTitle
207 D -INTY-80830 Inputs to the Detailed Mintenance

Plan and Logistics Support Analysis

301 D -MTY-80831 Mai ntai nabi lity/ Testability
Demonstrati on Test Pl an

D1- R 2129 Pl ans Mai ntainability Denonstration
(D-R2129 Is to be wused only when
M L-STD- 471 is designated as the
basis for N L-STD 470B, Task 301)

D - MWNTY- 80832 Mai nt ai nabi lity/ Testabi | ity/ Denon-
stration Test Report (to be used
only when ML-STD 471-and its
associ ated 01-R 1724 are not
designated as a basis for NL-STD
4708, Task 301)

The above O were those cleared as of the date of this standard. The current
issue of DD 5010.12-L, AC(Lesmon Minagenent Systens and Data Requirenents
Qntrol List (AML)I, researched to ensure that only current, cleared
DDs are cited an the DO Form1423;

6.4 bj ect term(key word) Iisting. The fol l owng key words and phrases
apply to thi s standard.

Mai ntai nabi ity
Mal nt enance
Program Managenent

6.5 Source of STANAG 4174 .  (opies of STANAG 4174 are available fromthe
Naval PRublications and Forns Center (Attn: NPADB). 5801 Tabor Avenue, Phila-
del phi a PA 19120- 6099.

6.6 Changes fromprevious issue . The nargins of this standard are narked
wth vertical Tines to indicate where changes (additions, nodifications, cor-
rections, deletions) fromthe previous issue were nade. This was done as a
convenience only and the Governnent assunes no liability whatsoever for any
inaccuracies In these notations. B dders and contractors are cautioned to
evaluate the requirenents of this docunent based on the entire content ir-
respective of the narginal notations and relationship to the last previous

i ssue.

Qust odi ans: Preparing Activity:
Arny - M Ar Force - 17
Navy - AS (Project MNTY-0011)

Ar Force - 17

Revi ew Activities:

Arny - AV, AR TE, ER

Navy - EC G5, MC, TD, YD, GG

Ar Force 10, 11 13, 24,, 15, 18, 19, 71, 82, 99
DLA DH 8
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TASK SECTI ON 100

PROGRAM SURVE! LLANCE AND CONTRCL

9/ 10
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TASK 101
VAl NTAI NABI LI TY PROGRAM PLAN

101. 1 PURCEE. Thetp_urposeof Task lOlistodeveIopanajr]tainabiI_ityPr ram
pl an which identifies and ties together all naintainability tasks

required to acconplish programrequirenents.

101.2 TASK DESCR PTI ON .

101.2.1 ~ Anaintainability programplan shal | be prepared and shal | i nclude
the fol |l ow ng:

a. A description of howthe naintainability programw || be c onduct ed
to neet the requirenents of the Satenent of Vérk ( .

b. Anidentification of each naintainability task to be acconpli shed
under the nai ntai nability program

Cc. Adetailed description of how each naintainability task wll be
perforned or conplied wth.

d. The procedures (where existing procedures are applicable) to eval u-
ate the status and control of each task.

e. The identification of the organizational unit wth the authority
and responsi bility for executing each task.

f. The descriptions of the interrelationships of naintainability,
testability, and diagnostic tasks and activities shall include: (1) how nain-
tal nablll_t%/, testability, and diagnostic tasks wll Interface and be inte-
grated wth other system oriented tasks i.e.. I’e|labI|ItK, “hunan factors
personnel, system life cycle and design to cost, safety, Logistics Support
Analysis (LSA), system engT neering, value engineering. Integrated Logi Stics
Support (ILS, etc.), and 12) how duplication of effort wll "be avoi ded. The
description of interrelationships shall specifically include procedures to be
enpl oyed which wll assure that the naintainability, testability and di agnos-
tics ‘program wll operate wthin the goals and "constraints established by
front-end LSA activity, and that applicable maintainability, testability and
di agnostics data derived from and traceable to, the naintainability, testa-
bl|!t%/_ and diagnostics tasks specified are available for integration into the
Log|t stic Support Analysis Records (LSAR throughout the life cycle of the
system

.. A schedule with estimat ed start and conpletion points for each
nai rrllttal ri1<ab| lity programactivity or task and level of effort to be spent on
each task.

11
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h. The relationship of the Mintainability Program schedul e to other
schedul es for systemengineering tasks (such as Reliability, Testability and
LSA) shal | be established.

i The procedures or nethods for identification and resol ution of
probl ens and tracki ng stat us.

] - The nethod by which the naintainability requirenents are disse-
mnated to associated personnel, subcontractors, suppliers and the controls
| evied under such ci rcunst ances.

k. The identification of contractor organizational elenents responsi-
ble for nanaging and Inplenenting the naintainability program and a descrip-
tion of related nanagenent structure. Including interrelationship between
line, service, staff and policy organi zations.

l. A statenent identifying which sources of naintainability design
guidelines wll be utilized including all DoD internal contractor and ot her
non- DoD prepared nateri al .

m The procedures for recording naintainability data.

102.2.2 The contractor nay propose additional tasks or nodifications wth
supporting rational e for such additions or nodifications.

101.3 DETA LS TO BE SPEQ FH ED BY THE CA (Reference 1.2.3)

101.3.1 Details to be specified in the SONshall Include the followng, as
appl i cabl e:

(R a Ildentification of each nmai ntainability task.
(R b. Identification of contractual status of the program pl an.
(R c. Applicability of par 101.2. 2.

d. Identification of additional tasks to be perforned or additional
information to be provided.

e. ldentification of any specific indoctrination or training require-
nent s.

f. Identification of data itens required (see 6. 3).

g. Identification of reporting requirenents necessary for the tailored
LA and LSAR progr ans.

12
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TASK 102

MONI TOR/ CONTRCL CF  SUBOCONTRACTORS AND SUPPLI ERS

102.1 PURPCEE.  The purpose of Task 102 is to provide the prine contractor
and the  CAWTh appropriate surveil | ance and nanagenent control of  subcontrac-
tors' /suppliers' naintainability prograns so thal tinely nanagenent action can
be taken as the need arises and programprogress i s ascertal ned.

102. 2 TASK DESCR PTI ON

102.2.1 = The contractor shell Insure that systemel enents obtai ned fromsup
pliers wll nost naintainability requirenents. This effort shall a?ly to
contractor furnished equipnent, 1tens obtained from any supplier whether in
the first or any subsequent tier, or whether the itemis obtained by inintra-
conpany order from any elenent of the contractor's organization. Al sub-
contracts shall include provisions for review and eval uation of the suppliers'
{rgmntaj nability efforts by the prine contractor, and by the CAat their discre
ion.

102.2.2  The contractor shall assure that his subcontractors' and suppliers
maintainabi ity efforts are consistent wth overall system requirenents, and
that provisions are nade for surveillance of their nainta nability activities.
The contractor shall advise the CA of the maintainability requirenents for
subcontractors and suppliers and whether or not they are consistent wth the
overal | systemrequi renents. The contractor shall, as appropriate:

a Incorporate in specifications for procurenents from subcontractors
and suppl i ers such infornation as:

(1) systemequipnent naintai nability concepts, constraints and re
qui rements .

(2) Miintenance, diagnostic and support concepts/requirenents.
(3) Sandardization and i nterchangeability requirenents.

(4 Mintainabilit y and fault detection and isolation denonstration
requi renent s.

5 Mintainability requirenents to provide data to support Logi s-
5 tics SQupport A%alsgis(LSD). a e «

b, Assure that subcontractors have a naintainability programthat is
their conpatible wth the overall programand incl ude previsions to reviewand eva u
ate supplier's(s') mantainability efforts.

C. Attend and participate in subcontractors' design reviews.

13
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d. Revi ew subcontractors' predictions and anal ysis techniques a  nd re-
sults for accuracy, correctness of approach and consistency wth end item
requi renent s.

e. Assure that subcontractors/suppliers wll provide the necessary
technical and admnistrative support for the itens they suPpIy duri ng produc-
tion and depl oynent of the har e. This support nay include such Itens as;
failure nodes and effects anal ysis, technical nanual s and test software.

f. Assure that subcontractors provide naintainability data Inputs ne-
cessary to LSA (See Task 201).

g. Describe th e LSA requirenents gPecified to the contract relating to
subcontractors and suppliers naintainability efforts.

102. 3 DETAILS TO BE SPEA FI ED BY THE CA (reference 1. 2. 3)

102.3.1 Details to be specified in the SDNshall include the followng, as
appl i cabl e:

a. MNotification requirenents for attendance at "Special Metings."
(Prooj%amFéw ews, Prelimnary Design Reviews (PCR, Qitical Design Reviews
, etc.

b Definition of the requirenents for subcontractor / supplier Mintain-
ability ProgramTasks and Denonstrati ons.

c. ldentification of data elenents necessary for input to LSA and
LSAR

14
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TASK 103
PROGRAM REVI EVWG

103.1 PIRPCE.  The purpose of Task 103 is to establish a requirenent for the
prine (Oor associate) contractor to conduct naintainability program review on
schedul ed dates in tine to assure that the naintai nablllg}/ Programs pr oceed-
ing to accordance wth the contractual mlestones and th he “syst ens subsys-
tem equipnent, or conponent nai ntai nabi | ity perfornance requirenents wll be
achieved.  This task shall include consideration of how naintainability tasks
and activities and their results wll interface and integrate wth other rel a-
ted systemoriented tasks (i.e., hunan factors, testability, LSA personnel
and systens life cycle cost).

103. 2 TASK DESCR PTI ON

103.2. 1 The nai nt ai nabi | itc%\ programshal | be planned and schedul ed to per-
mt the contractor and the CA to review program status. Fornal review and
assessnent of contract naintainability requirenents shall be conducted at na-
jor programpoints, identified as systemprogramrevi ens, as specified by the
contract. As the progiram devel ops, maintainability progress shall al So be
assessed by the use of additional naintainability ‘program reviews as neces-
sary. The contractor shall schedule review as appropriate wth his subcon-
tractors and vendors and insure that the CA is inforned in advance of each
revi ew

103. 22  The reviews shall identify and discuss all pertinent aspects of the
nai ntai nabi lity programsuch as the Toll ow ng, when applicabl e:

a. At System Requi renents Revi ew

(1) Results of trade studies leading to Prelimnary SystemDesign
(neept .

b. At System Desi gn Revi ew.

(1) D agnostic Content of Devel opment Specification.
(2) Dagnostic Maturation and Data Col | ection Pl an.
(3) System Qptim zation Tradeof fs.

(4) R sk Analysis.

(5 D agnostic Allocation.

C. At the Prelimnary Design Review (PDR):
(1) Updated maintainability status including:
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(a) Maintainability nodeling.

(b) Maintainability apportionnment (Al ocation).
(c) Maintainability predictions.

(d) FMEA (Maintainability Information).

(e) Maintainability content of specification.
(f) Design guideline criteria.

(g) Establishnent of data collection, analysis and corrective
acti on system

(h) Results of the planned naintai nability anal ysis which im
pacts ei ther the nai ntenance pl an/ concept testability
needs, the LSA (see Task 207) or repair |evels.

(i) Subcontracto r nmaintainability.

(j) CQher tasks as identified.

Proj ected nmai ntenance, nanpower and personnel (skill) inpacts
based on assessed nai ntai nability characteristics, and proj-
ected ability to neet naintainability requirenents wthin nan-
power and personnel constraints.

G her problens affecting naintainability.

M ntai nabi ity desi gn approach including the extent of nodu-

larity and, the fault detection and isolation approach at each
| evel of nai ntenance.

d A the Oitical Design Review (CDR:

(1)
(2)

(3)

(4)

Mai ntai nability content of specifications.

Miintai nabi l ity predictions and anal yses. (i.e., LSA (see Tasks
203 and 205)).

Fault detection and isol ation design Approach and gener al
Itest i’:lg)l ity assessnent (for each appropriate nai ntenance
evel ).

Quantity and types of nai ntenance tasks for each | evel of the

har dwar e breakdown structure of the systemconfiguration and
for each nai ntenance | evel .

16
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(5 FHna content and descriptions of all pert inent inputs to the
nal nt enance plan and LSA (See Task 207).

(6) FMEA as related to the fault detection and isolation systems
desi gn and characteristics.

(7) Projected manpower skill requirenents based an assessed nai n
tainability characteristics.

(8 Cher problens affecting naintainability.

(g0 Qher tasks as identified

At the Test Readi ness Revi ew

(1) Mintainability prediction.

(2) Test schedul e.

(3) Review of adherence to appropriate portions of ML-STD 471.
(4) Test repor t fornat.

(5 Reviewof Task 301 (Mintainability /Testability Denonstration).

(6) Availability of personnel (in nunber, skills and training as
determned by the contract), technical nanual s and support
equi pnent .

At Producti on Readi ness Revi ew

(1) Results of Evaluation of Entire D agnostic Capability.

G her Maintainability Program Revi ews:

(1) D scussion of those itens reviewed at PDRs and CDRs.

(2) Results of Failure Mddes and Effects Anal ysis (FMEA).
(3) Test schedule: start date s and conpletion dates.

(4) Design, maintainability, and schedul e probl ens.

(5 Status of assigned action itens.

(6) (ontractor assessnent of maintainability task effectiveness.

(7) Results of all anal yses and nodeling efforts (life cycle cost
LSA (see Task 207), fault detection and isolation, test system

17
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designs, identification of Engineering critical itens).

(8 Results of reliability testing and use of the data in updating
nai ntai nabil ity predictions.

(9) Qher topics and i ssues as deened appropriate by the contractor
and the CA.

103.3 DETAILS TO BE SPEC FI ED BY THE CA (reference 1.2.3)

103.3.1 Details to be specified in the SONshal |l include the foll ow ng, as
appl i cabl e:

(R a. ldentification of reviews required.

(R b. Advance notification to the CAof all schedul ed reviews. The speci -
fic nunber of days advance notice shoul d be contractual .

C. Recordi ng procedures for the results of the reviews.

d. Identification of CAand contractor foll owup nethods on revi ew of
open itens.

e. Identification of reviews other than systemprogramreviews (for

exanpl es reviews during the conceptual phase).

f. I dentification of data itens required (see 6. 3).

18
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TASK 104

DATA OCLLECTI ON, ANALYSI S, AND CCORRECTI VE ACTI ON SYSTEM

104.1 PIRPCE. The purpose of Task 104 is to establish a data coll ecti on and
anal ysis systemto aid design, identify corrective action tasks and eval uate
test results .

104.2 TASK DESCR PTI N

104.2. 1 The contractor shall est ablish a nmaintainability and di agnostics
effecti veness data col |l ection sa/stemto augnent predictions wth prelimnary
trial results during design, and for neasurenent and eval uation of denonstra-
tion results at specified levels of naintenance. Data collection should be
integrated as nuch as possible wth simlar data coll ection requirenents, such
as reliability, LSA (see Task 207), etc..

104. 2.2 The data col | ection s¥st emused to aid design shoul d be defined as
early as possible, but not later than the denonstrati on and validation phase.

tTh_ealsamia data collection system shoul d be used during testing and prelimnary
rias.

104.2.3 The data collection systemused during denonstration shoul d recei ve
ngllrmnary planning during the denonstration and validation phase and shoul d
: {J_ne firmin the naintainability denonstration plan (ref. Task 301 ) prior to
esting.

104.2.4 The data collection systemshall be used as a neans for identifying
naintainabi lity, testability and diagnostics design problens, errors, and for
initiating corrective actions. Such corrective actions can take the form of
nodi fications and changes to equipnent fault detection and isolation subsys-
tens (hardware and software), packagi ng, assenily. training, nanuals, etc..

104.2.5 Procedures for providing inputs to the system the anal ysis of
Probl ens; and feedback of corrective action into the design, nanufacturing and
est processes shall be identified

104. 3 DETAILS TO BE SPEC FI ED BY THE CA (reference 1.2.3)

104. 3.1 Details to be specified in the SON' shall include the foll ow ng, as
appl i cabl e:

a. ldentification of equipnent |evels of naintenance for corrective
nai nt enance action reporting.

(R b. Identification of diagnostics systemattribute date to be reported
(percent of faults detectable, proportion of faults isolatable, false alarm
rates, etc.).
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C. Identification of the extent to which the contractor's data col | ec-
tion systemnust be conpatible wth CA's data system
d. Identification of data elenents for inpu t to LSA (See Task 207).
e. | dentification of data itens required (see 6. 3).
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TASK SECTI ON 200

DESI GN AND ANALYSI S
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TASK 201
MAI NTAI NABI LI TY MODELI NG

201.1 PURPCE.  The purpose of Task 201 is to devel op a naintai nability nodel
for naking numerical apportionnents and estinates to eval uate item na ntai na-
bility when systeniequi pnent conpl exity or inportance warrant such a nodel .

201. 2 TASK DESCRI PTI ON

201.2.1 Appropriate naintai nability nathenati cal nodel s shall be devel oped
based on:

~a_ The equi pnent (s¥st en) design characteristics which inpact nain-
tainability, (for exanple, Tault” detection probability, anbiguity, proportion
of failures isolatable, nobility, frequency of failure, naintenance tine and
nanhours required, naintenance nanhours or tine expended on nai ntenance per
hour of operation, nantenance plan, etc.).

b. The appropriate | evel of nai ntenance to which the nodel pertains
_ c.  Relationship between the contract naintainability terns and the
nai ntainabi ity paraneters related to each of the operational” system parane -
ters (operational read ness, mission success, |ogistics supportability, nain-

t enance nanpower and | ogi stic support-costs, etc.).

201.2.2 The nodel shall be conpatible wth contractual naintainability re-
qui renen]'g_sédl ogi stic and personnel constraints and other naintainability terns
as speci fi ed.

201.2.3 The conplexity of the nodel w |l necessarily varP/ according  tothe
conpl exity of the equi pnent being procured. The nodel “shal [ be updated wth
infornation resulting fromdesign changes as well as changes in item configura-

tion, mssion paraneters, and operational constraints . Inputs and outputs of
the naintainability nathenatical nodel shall be conpatible wth the input and
output requirenents of the systemand subsysteml evel anal ysis nodel s.

201.3 DETAILS TO BE SPEA FIED BY THE CA (reference 1. 2. 3)

201.3.1 Details to be specified in the SONshal |l include the followng, as
appl i cabl e:

%R) a. ldentification of naintenance | evels to which nodel (s) wll per-
an.
(R b. Identification of maintenance and support concepts.
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| nposi tion of Task 202 or 208 (or bath) as requisite tasks (i nposi -
tiogotorf]) Task 201 nornal |y shoul d not occur wthout Inposition of Task 202, 203
or

d. Goordi nated reporting requirenents for LSA (see Task 207).

e. Identification of additional naintainability terns.

f. Identification of any nai ntainability objecti ves, goals, or con-
straints derived fromfront-end LSA

g. Identification of data itens required (see 6.3).

h. Requi renents for updating nodel s.

i.  ldentification of the naintainability design characteristics used
as quantitative requirenents.
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TASK 202
MAI NTAI NABI LI TY ALLOCATI ONS

202 .1 PIRPCE. The purpose of Task 202 is to assure that once quantitative
systemrequi renents have been determined, they are allocated or apportioned to
| over |evels.

202.2 TASK DESCR PTI ON

202.2.1 Syst et Subsyst emequi pnent  nunerical naintainability requi renent(s)
shal | be broken down to the subsystent  equi pnent/unit/subunit |evels as neces-
sary to establish requirements for designers. Requirenents consistent wth
the alocations shall be inposed on the subcontractors and supplier. The
apportioned values shall be included in appropriate sections of procurenent
specifications and contract end item specifications. Al allocated naintai na-
bility values established by the contractor and included in contract end item
specifications shall be consistent wth the maintainability nodel (see Task
201) and any change thereto, and subject to CAreview Qutputs fromTask 201
of ML-SID 2155, if called out shall form the basis for diagnostic allocation

202.2.2 The nethod and rationale for the naintainability allocations shal l
be docunented and forwarded for CA revi ew

202.3 [DETAILS TO BE SPEA FH ED BY THE CA (reference 1. 2. 3)

202.3.1 Details to be specified in the SONshall include th e folowng, as
appl i cabl e

(R a Identification of mninumitemlevels of allocation (Oganizationa
Renovabl e Lhit, Printed Grcuit Board (  POB), etc.).

b. Inposition of task 201 as requisite task in the denonstration and
val i dati on phase.

C. Qoordi nated reporting requirenents for LSA (see Task 207).

d. Identification of data itens required (see 6.3).

e. Requi renents for updating allocati ons.

f. Wiet her or not Task 201 of ML-STD-2165 is call ed out.

25/ 26



Downloaded from http://www.everyspec.com

M L-STD 470B

This page left blank intentionally



Downloaded from http://www.everyspec.com

M L- STD-470B

TASK 203
MAI NTAI NABI LI TY PRED CTI ONS

203.1 PURACEE The purpose of Task 203 is to estinate the naintai nability of
the systemisubsystemiequipnent and to nake a determnation of whether the
nainta nabi lity ‘required can be achieved wth the proposed design wthin the
prescribed support and personnel /skill requirenents.

203.2 TAX DES(R PTI N

203.2.1 Mintai nability predictions related to each associated |evel of
nai ntenance shall be nade for the system subsystentequi pnent. Wen required,

predictions shall account for and differentiate between, each naintenance,
operational . and support concept defined in the itemspecification. Predic

tions shall be nade showng the capability of the systensubsystem equi pnent
to neet all nainta nablllea/_. requi renents at each level of naintenance speci -
fied by the CA These predictions shall be nade using the associ at ed hna-
tical nodel and naintainability prediction procedure approved by, or provided
by, the CA Itens shall not be excluded fromthe naintainability predictions
unl ess substantiating docunentation verify that the itemfailure aid nainten-

ance action cycle have no influence an the required neasure of naintainability
(or unless the itemin question has associated wth it an established naintai n-
ability history in which case the actual naintainability values attained for
the |t_emrr_a|y_ bé substituted for _thec%redl ction). Itemto be excluded fromthe
nai ntai nabi [ty predictions require approval .

203.2.2. Predictions for itens shall be nade usin g one of the nethods con-
tained in NL-HBK-472, or alternatives approved or provided by the CA In
either case, the specific techniques for predicting quantitative requirenents
at lower itemlevel of the systemcgag}roup unit, assen’m_lty_, subassenbl y, etc.)
shall be defined and sourcesS of a shall be identified Predictions for
types of equipnent not covered by ML-HBK-472 shall be nade using either
contractor data or alternatives, ‘both of which shall require CA approval .
Wiere appropriate, predictions of scheduled and preventive naintenance
workl oad shall al so be considered. Predictions shall be nade corresgondln to
the quantléatlve naintainabi lity requirenents. Predictions shall be upd%ted
as required.

203. 3 [CETALS TOBE SPEOHBED BY THE CA [reference 1. 2. 3)

203.3.1 Details to be specified in the SONVshall include the followng, as
appl i cabl e:

E)R) a. ldentification of nai ntenance |evels for which predictions are to
e perforned.

(R b. Identification of hardware |evels (systenmsubsystemequi pnent/re-
pl aceabl e iten) for which predictions are to be perforned.
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(R vc Identification of equipnent naintenance and support concepts or
alternatives.

(R d Pertinent naintainability infornation on any specified Gvernnent
Fur ni shed Equi pnent (GE).

(R e ldentification of the naintainability paraneter related to the ap-
plicable system paraneters (operational readi ness, mssion success. |ogistics
supportabil ity nai ntenance nanpower, personnel and skill requirenents, |ogis-
tics support costs, etc.) which are to be predicted.

f. I'nposition of Tasks 201 (contingent on the conplexity of the equip-
nent) and 202 as requisite tasks In the FSD phase.

g. ldentification of requirenents to update predictions using actual
experience and test data.

h. Sources of the prediction techniques to be used (i.e., ML-HXBK-
472, or other sources).

1. Establishnent of CA approval requirenents for use of actual data.
J. ldentification of alternative nethods to be used for predictions.
k. Requirenents for providing data for LSA and LSAR (see Task 207).

1. ldentification of additional naintainability paraneters for which
predictions are required.

m ldentification of data itens required (see 6.3).

n. Gonditions/requirenents for updati ng predictions.
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TASK 204
FA LLRE MDES AND EFFECTS ANALYS S (FMEA) - NMAI NTAI NABI LI TY | NFCRVATI ON
204.1 PURRCEE. The purpose of Task 204 is to define the Potential failure
nodes and their effects an systens, equi pnents, and itemoperation in order to
establish necessary naintainability design characteristics including those
that nust be ascribed to fault detection and isol ation subsyst ens.

204. 2 TASK DESCR PTI ON

204.2.1 Mintainability infornation, in accordance wth Task 103 of ML-
SID 1629, "Failure Mvdes, BHfects and Qiticality Analysis (FMECA", wll be
devel oped in conjunction wth any Failure Mdes and Hfects Analysis (FVEA
per f or ned.

204.2.2 Infornation developed in the performance of this task shall be
integrated wth AMEA/ FMECA efforts for related areas, such as reliability,
LSA safety. human factors, and techni cal nanual preparation.

204.2.3 Specific uses of the results of this task for designing Built-in-
Test (BIT). internal and external test subsystens, testers. etc., shall be
identified.

204.3 [DETALS TOBE SPEOHED BY THE CA (reference 1. 2. 3)

204.3.1 Details to be specified In the SONshall include the followng, as
appl i cabl e
(R a NL-SID1629, Task 101, Is a requisite for this task. If not

contractual |y invoked el sewhere in the SO ML-SID 1629, Task 101, nust be
i nvoked in conjunction wth this task.

(R b. Identification of required details as indicated in ML-SID 1629 to
be necessary when invoki ng that docunent.

(R c. ldentification of naintenance |levels for which the AMEA is to be
per f or ned.

d. Rel ated tasks of N L-STD 1629 (such as Task 105, FMECA A an) and
deliverable data required in the perfornance of this task.

e. Qoordi nated reporting requirenents for LSA (see Task 2 07).
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TASK 205
MAI NTAI NABI LI TY ANALYSI S

205.1 PR The Rurpose of Task 205 is to translate data from contractor's

studies, engineering reports ( both unique to mai ntai nability design and de-

vel oped as a consequence of other requirenents) and infornation which 1s avail -

able fromthe CAinto a detailed design approach and to provide inputs to the

gggallgdzon% ntenance and support plan, which is part of the LSA (see Tasks 201,
an :

205.2 TASK DESCR PTI QN

205.2.1 The naintainabi| ity analysis which shall be perforned integrates
data fromcontractor's studies wth engineering reports and infornati on which
is available fromthe CAinto a detailed design approach. Qutputs from Tasks
201 and 202 of ML-SID2165. If called out shall form the basis for
testability and diagnostic anal ysis.

205.2.2 Alisting of the elenents of which the analysis wll be conprised
shall be presented for CA approval at the POR Sudies and anal yses necessar
as an input, and cormon to this and. other standards, shall be” conbi ned suc
that a conprehensive single study or analysis, wll be capable of neeting
requi red needs. Henents to be conSidered i nCl ude:

205.2.2. 1 Man and Mximumtine(.s) to repair (all levels of nai nt enance,
organi zational , interned ate, depot).

205.2.2.2 Mintenance nanhours and naintenance tine expended nai nt enance
task/flight hour/operating hour (for all appropriate | evel s of nai ntenance).

205.2.2.3 Fase aarmrates, cannot duplicate rates, retest ok rates associ a ted
wth all levels of na ntenance.

205.2.2.4 Proportion of faults detectable (all levels of naintenance
i ncl udi ng systenequi pnent/unit built-in detection, and external fault detec -
tion subsystens )

205.2.25 Level(s) of isoation or antniguit}/ (for exanple, does the built-in
test or external test systemor tester identify N possible units or assenblies
etc., only one of wiich is failed?) for the system equipnent, unit. assently,
subassenl'y, etc., for each | evel of nai ntenance.

built-in and nanual test capabilit lus the naintenance aids and nanual
di agnostic procedures required at evels of repair and their associated
sof tware and techni cal costs, skill levels required and nanpower requirenents,
as well as acquisition costs if avail abl e.

205.2.2.6 ldentification of the requir ed mx of autonatic, semautonatic,
l
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205.2.2.7 Levels of repair associated noth each equi pnent design and each
test systemalternative as derived fromthe LSA

205.2.2.8 Develop ant of unique external test systens and teste  rs versus use
of existing units (sto ck listed or coomercial).

205.2.2.9 Producibility considerations relating to the realization of each
test systemalternative.

205.2.2.10 Determnation of systensubsysteniequi pnent paraneters that are
nonitored and not nonitored by BIT or other diagnostic/test systens.

205.2.2.11 Inpact of schedul ed and preventive nai nt enance wor kl oad.

205.2.2.11.1 Man tine between schedul ed and preventive naintenance at each
required | evel of nai ntenance.

205.2.2.11.2 Mean preventive nai ntenance tine.

205.2.3 Maintai nabi l ity nathenatical nodels, life cycle cost nodel s, and
acqui sition cost estinates shall be devel oped fromthe Inputs and considera-
tions described above to:

205.2.3.1 Show the inpacts on cost, naintainability and on system readi ness
paraneters of the gernane naintainability el enents.

205.2.3.2 Alocate quantitative naintainability requirenents to all signifi-
cant itemlevels of the systentsubsyst emtequi pnent (see Task 202).

205.2.3.3 Develop the nost cost effe ctive naintainability design and test
system configuration which neets support and personnel constraints as well as
syst emreadi ness and mssi on perfornance obj ecti ves.

205.2.3.4 Prepare inputs to support systemanal ysis (see para 205. 3).

206.2. 4 Ferfornance Design Trade-offs. NOE This task has significant
possibilities for overlap wth LSA efforts. and shall therefore be coordi nated
closely wth the LSA conmunity and LSA Satenent of Vdrk, to ensure consi stency
and prevent duplication.

205.2.4.1 Trade-offs between naintainability design alternatives and equi p -
nent design paraneters shall be nade to provide an economcal design whi ch best
satisfies systens or equi pnent regui renents.

205.2.4.2 \Wenever design trade-offs are perforned, in other areas which im
ct naintainability, the effects of any conpromse of naintainability shall
eval uated, docunented and reflected in the nmaintainability analysis.
Trade-offs invol ving Inpacts on naintainability attributed to changes in areas
such as packaging, fault detection and isolation portions of the design or to
ex})e_rnaldtest equi pnent or testers shall be incorporated in status reports
submtted.
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205. 3 DETAI LS TO BE SPECI FI ED BY THE CA (reference 1.2.3)

205.3.1 Details to be specified in the SONshall include the followng, as
appl i cabl e:

(R a Secification of elenents to be considered in the anal ysis (in-
clusion of additional elenents, deletion of certain el enents).

(R b. Information available fromCA rel ative to:

(1) perationa and support concepts (and their alternatives) and
requirenents, Including environnental conditions, operational
rofile, life expectancy and functional perfornance definitions
E)fallure definitions).

(2) Overall quantitative maintainability requirenents.
(3) Personnel subsystemconstraints.

(4 Pojected facility, training program skills, equi pnent. and
tool availability.

(5) Cost constraints.

(6) Sudi gs and engi neering reports for the systeniequi pnent con
cer ned.

(7) Lists of standard tools and equi pnent.
C. Goordi nated reporting requirenments wth LSA (see Task 207).
d. | dentification of data itens required (see 6. 3).

e. L&ositi on of Tasks 201 and 203, as pre requisite tasks during

f. Wiet her or not Tasks 201 and 202 of ML-SID 2165 are call ed out
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TASK 206
MAI NTAI NABI LI TY DESIGN CRI TER A
206.1 PURPCE The purpose of Task 206 is to Identify the design criteria that
wll be enployed in translating the quantitative and qualitative naintai na-
bility requirenents and anticipated operational constraints into detailed
har dwar e desi gns.

206. 2 TASK DESCR PTI QN

206.2.1 The naintainability design criteria is conposed of those technical
policies and procedures which shall be used to guide the design process. The
contractor shall identify and docunent such criteria to be applied during the
course of the appropriate acquisition phase.

206.2.2 Alisting of design criteria (and their sources) to be applied shall
be presented for CA approval at the FOR The criteria shall be continually
refined and updated as design progresses and final content and description
presented at the @R Qiteriato be considered for inclusion for all levels

of nai ntenance are:

206.2.2.1 Appropriate desi gn handbooks.

206. 2. 2. 2 Checkl i sts and | essons | ear ned.

206.2.2.3 Quidelines and policies regarding:

a. General accessibility, work space, and work cl earance.

b. I nt erchangeabi lity.

C. e of MI-Sandard parts and itens wthin Governnent inventories
(wth respect to naintainability characteristics).

d. Arcuit design techniques for fault detection and isol ation.

e. Limtation of nunbers and varieties of necessary tools.
accessories and support equi pnents.

f. Nunber of personnel and skill |evels.

g. Accessibility considerations of parts, test points, adjustnents,

and connecti ons.
h. Testability of parts, adjustnents, and connections.

i WUse of access panel s for inspections.
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] - Trai ning requi renents and needs.

k. Handl ing, nmobility, and transportability.

1.  Wse of coomercially available parts and Itens, and of f-the-shel f
(OrS) equi pnent .

m | nherent nai ntenance and nai ntainability characteristics of
conponents to be used.

n. | nherent supportabi ity considerations as nandated in the | ogistics
support anal ysis (LSA) process (see Task 207).

0. Interface wth conput er-ai ded engi neeri ng and conput er-ai ded desi gn
t echni ques.

p. I nplications of fault tolerant designs (if applicable) on nain-
tainability and general nai nt enance wor kl oad.

206.3 DETAILS TO BE SPEC FI ED BY THE CA (reference 1.2. 3)

206.3.1 Details to be specified in the SONshal | include the followng, as
appl i cabl e:

(R a. Specification of particul ar design handbooks to be utilized

(R , b. Soecification of policies or guidance to be considered (inclusion
of additions specific guidance or policies, deletion of certain gui dance and
policies in para 206.2°2.3).

(R. c. Infornation avail able fromCArelative to constraints on systemor
equi p&ent Elue to personnel, physical |ocation, use environnent, naintenance
concept, etc..

d. Goordi nated reporting requirements wth LSA (see Task 207).

a. ldentification of data itens required (see 6.3).
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TASK 207

PREPARATI ON CF | NPUTS TO THE DETAI LED NMAI NTENANCE PLAN
AND LQOd STI CS SUPPCRT ANALYSI S (LSA)

207.1 ARPOE. The purpose of Task 207 is to identify and %epar_e inputs_ for
the detated system or egfw Pnent nai ntenance plan and LSA  Those inputs w |

be based on the results he tasks which nake up the naintainability program
This is the task which effects coordi nation of the outputs of the naintal na-

bility programwth the LSA

207.2 TASK DESCR PTI ON .

207.2.1 The inputs provided for the nai ntenance plan and LSA shall be based
upon the broad operational And support corécO%ptS and requirenents established by
the CA and the results of Tasks 201, ,  206. other portions of the
nai ntai nabi ity program

207.2.2  Alisting of the outputs and results of the naintai nability anal y-
sis which inpacts the nai ntenance plan and LSA shal | be provided to the CA for
approval . The I|st|_n%:] shall be updated as the naintainability analysis pro-
ceeds and design criteria are established. Gontent and description of inputs
to It hée nai ntenance plan and LSA shall be provided. Factors to be considered
i ncl ude:

207.2.2.1 Pelimnary skill |evel and nanfpovxer needs (or constrai ntsg rel ated
to; build-in, nanual °, semautnatic test features; external test systens; and
the l'evel s of repair associated wth the design.

207.2.2.2 Depth, Scope and frequency of naintenance requirenents at each
| evel of nai ntenance.

207-.2.2.3 Prelimnary technical data required at each nai ntenance | evel.

207.2.2.4 Pelimnary training and training equipnent necessary for each
nai nt enance | evel .

207.2.2.5 Prelimnary facilities required at each nai ntenance | evel

207.2.2.6 Rrelimnary specia and general purpose support equipnent and tools
required at each nai ntenance | evel .

207.3 DETA LS TOBE SPEQO A ED BY THE CA (REFEREINCE 1. 2. 3)

207.3.1 Details to be specified in the SONshall include the followng, as
appl i cabl e

(_F? a. Specification of particular naintainability program factors which
w il be considered as Inputs to the nai ntenance plan"and L
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Coordi nated reporting requirenments with LSA
I dentification of data itens required (see 6. 3).

I nposition of Task 205 as requisite tasks in the FSD phase.
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TASK SECTI ON 300

EVALUATI ON AND TEST
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TASK 301
MAI NTAI NABI LI TY/ TESTABI LI TY DEMONSTRATI ON ( MD)

301.1 PURPCEE  The purpose of Task 301 is to determine conpliance wth
specified maintainabi lity requirenents.

301.2 TASK DESCR PTI ON

301.21 ~ Mintainability tests shall be conducted on equi prents whi ch
shall be identified by thé CA and which shall be representative of the
approved production configuration. A ML-SID471 or adternative test plan

approved by the CA shall used as a basis foo M) The naintainability
denonstration tests nay be integrated wth other syst eni equi pnent tests,
i f approved the The tests shall Include evaluation of diagnostic

capabi ity faul detection and isolation as well as naintenance tine and
nmanhours characteristics.

301.2.2 A MD plan shall be prepared which shall include the followng,
subject to CAapproval prior toinitiation of testing:

a. Test objectives and sel ection rationale.

b. Justification, rationale and nmeans for integrating MD wth
ot her systeniequi pnent testing.

) C. Identification of the equipnent to be tested (wth identifica-
tion of the conputer prograns to be used for the test, if applicable) and
the nunber of nai ntenance tasks to be appli ed.

d. Test duration and the appropriate test plan.

e. Test schedule. Atesting start date and duration shall be
selected that is reasonable and feasible, permts testing of equi pnents
Wiich are representative of the approved production configuration, and
allows sufficient tine, as specified in the contract, for review and
approval of each test procedure and test setup.

f. ~Scenario to be followed for the test. Include here the skill
| evel s of nai ntenance personnel to be used in the test, the nakeup of the
test teamand the internal teamorgani zati on and test decision naki ng
authority of team nenbers.

_ : Gound rules wth respect to such factors as: instrunentation
failures; naintenance due to secondary failures; technical nmanual or sup-
port equi pnent usage or adequacy; personnel nunbers and skill; cannibali-
zation, naintenance Inspection;, governnent furnished equipnent usage;
naintenance tine limts.
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h. The substance and nature of the data to be collected and its inte-
gration into the Data @l lection, Analysis, and Qorrective Action System Tal k
104.

i. Degree of CA participation.

dj. Detailed test procedures shall be prepared for the tests that are
Included in the PO plan. The test procedures should account for all the
necessary resources, such as, prine equi prent, support equi pnent, technical

orders, and appropriate nunier of skilled personnel which are required for

denonstrating operational na ntai nability.

301.2.3 The results of the test shall be prepared as a MD report.
3gtlé2' 4 Data collected as aresult of the MD shall be used to update LSA

301. 3 DETAILS TO BE SPECI FI ED BY THE CA (reference 1.2.3)

301. 3.1 Details to be specified in the SONshall include the follow ng, as
appl i cabl e:

(R a. ldentification of contractual status of the MD plan and test pro-
cedur es.

(R b. ldentification of equipnment to be used for MD testing.

gR) c. ldentification of ML-SID 471, or alternative procedures to be used
of conducting the MD (i1.e., test plan, task sel ections, nakeup of test team
skill levels, "admnistration, etc.).

d Specific maintainability val ues acceptable (and, if desired, design
gy(F)?';\I val ues' nay be speci fi ed). Y P ( : g
e.
f.

Coordi nated reporting requirenments for LSA (see Task 207).

I dentification of data itens required (see 6.3).

42
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APPLI CATI ON GJ DANCE FOR | MPLEMENTATI ON CF
MAI NTAI NABI LI TY PROGRAM REQU REMENTS

10. CGENERAL

10.1 Scope.  This appendi X Provi des rational e and gui dance for the selection
and taitoring of tasks, and the specifying of details for the CAto fit the
needs of any nai ntai na_blllt?/ program and identifies applicable data itens for
|d_rrpl enentation of required tasks. No requirenents are contained in this appen-
i X.

10.2 Purpose. This appendix is to be used to tailor naintainability require-
nents im the nost cost effective nanner that neets established program obj ec-
tives. HWAER IT IS NO TO BE BB ENHY R | MALEMENTHD | N %INIFW]:IUOL

10.3 UBER. The user of this appendi x any include the Departnent of Defense
contracting activity, Gvernnent in-house activity, and prine contractor, or
subcontractor, who wshes to inpose nai ntai nability tal ks upon supplier(s).

20. RELATED DOCUMENTS

DoDD 5000. 1 Maj or System Acqui sitions

DoDD 5000. 37 Acquisition and D stribution of Commerc ial
Products (ADCOP) (P&L)

DoDD 5000. 39 Acqui si tion and Managenent of | ntegrated

Logi stics Support of Systens and
Equi prent (P&L)

DoDD 5000. 40 Reliability and Maintainability (P&L)
DoDD 5000. 43 Acqui sition Streaniining
DoDD 5010. 12 Managenment of Techni cal Data (P&L)
DoD- HDBK- 248 Acqui sition Streaniining

30. TASK SELECTI ON

30.1 Selection Citeria

30.1.1. Anmaor problemwhich confronts all governnent and industry organi -
zations responsible for a naintainability programis the sel ection of tasks
which can naterially aid in attaining program na ntai nability requirenents.
Today' s schedul e and funding constraints nandate a cost-effective sel ection,

one that is based on identified program needs. The considerations presented
herein are Intended to provide guidance and rationale for this sel ection. They
are also intended to jog the nenory for "l essons | earned’ to provoke questions
whi ch nust be answered and to encourage dial ogue wth other engineers, opera-

tions and support personnel so that answers to questions and solutions to
probl ens can be found.
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30.12 Oce appropriate tasks have been selected. the tasks thensel ves can be
tailored as outlined in the "Details To Be Specified By The CA'. It is al so

essential to coordinate task requirenments wth other engi neering support
tasks, such as Integrated Logistics Supports, SystemSafety, Reliability, Test -
ability, etc., toelimnate duplication of tasks, assure conpatibl e schedul es

of integrated tasks, and to be anare of any potential effects, i npacts, etc. on
naintainability resulting from the activities of these other groups. For
exanple, front end LSA analyses help frane the boundaries and goals for the

naintainabi lity program NMintainability nodeling and anal ysis (Tasks 201 & 204)
have particular need to be consistent wth and not overlap the LSA effort.
nversely, nany of the 470 tasks (such as 203 and 206) provide data whi ch nust
be fed into the LSARto serve as a basis for support and personnel resource
planning. Fnally, the timng and depth required for each task, as well as
action to be taken based an task outcone, are |argely dependent on indivi dual
experi ence and gr ogramrequi renents. For these reasons, hard and fast rul es
are not stated.

30.1.3 Slection and tailoring of tasks, specifying naintainability re
quirenents , addition of supporting details, and establishing R requirenents
requi res a bal anced approach. The tendency to overtask and to acquire exten -
sive delivered data results in unnecessary contractor efforts, increased con-
tract costs and possible delays in the schedue. A extensive naintainability
programrequirenent wll not result in equipnent neeting repair tine quantita
tive requirenents if the quantitati ve requirenents were unrealistic in the

first place. For this reason, it's inportant to insure that analysis and data
are not duplicated anong the LSALSAR testability and naintainability pro-

grans. The enphasis on acquiring of f-the-shel f conmercia products and exi st-

ing equi pnent neeting mninumform fit and function requi renents (DD direc-

tive 5000.37) neans that extensive maintainability requirenents at al item
levels are inappropriate. There is a common tendency to over control the
contractor's efforts and to over require CA approvals of the maintainability
programand effort. The contractor has the right to manage his ow organi za -
tion, to develop his own designs, and to manuf act ure equi pment as he sees fit
to do. The Gwernnent's approval and control requirenents should be only that
required to insure that acceptable naintainability is designed into the pro -
duct .

30.2 Application Mitrix Pogram Phases . Table A1 herein provides gen-
eral guidance, in summnrly form of "when and what" to include in a Request for
Proposal (RP) to establish an acceptable and cost effective naintainability
program This table can be used to initially identify those tasks which
typically are included in an effective naintainability program for the par-
ticular acquisition phase invol ved. The user of the docunent can then refer to
the particular task referenced by the natrix and determne fromthe detailed
purpose at the beginning of the task if it is appropriate to identify as a
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programtask. The use of this natrix for devel oping a nai ntai nability program
Is To be considered as optional guidance only and is not to be construed as
covering al | procurenent situations.

30.3  Task Rioritization . The problem of prioritizing or establishing a
baseline group from alt the tasks In this docunent cannot be solved unless
variables " like system conplexity, program phase, availability of funds,

schedul e, etc., are known. The na ntai nabilit¥ Programplan (Task 101) shoul d
always be considered for sel ection, however, total programconpl exity shoul d
be considered for determining the need for this task. Individua tasks nay be
cited wthout requiring a nai ntai nability programpl an.

30.4 Data ltens

30.4.1 Qontractor Qignated Data . Each task nay invol ve sone formof contrac-
tor prepared pran, docunment, statenent, list, formor data. If any of these

are to be received by the CA they are deliverable itens. Each separate

identifiable data item nust be included on a D Form 1423 which nust be

included as part of the RAP and Gontract.

30.4.2 D Form 1423 Requirenents . Each [D Form 1423 nust refer to an au-
thorized Data Item Description (OD which can be found, listed by title in DD
5010.12-L, Acquisition Mnagenent Systens and Data Requirenents ontrol L st
(AHL). Taloring of the OD to neet the specific data requirenent is au
thorized (via block 16 on [D Form 1423). The CA should review al ODs and
assure, through tailoring, that the preparation instructions in the OD are
conpatible wth task requirenents as specified in the SOV Each [D Form 1423
nust al so include a specific contract reference (e.g., SOV para 5.2.1.3) that
specifies and authorizes the work to be done for each data item Aso to be
filled out are blocks establishing delivery dates, delivery destinations :
approval authority, and approval procedures. Refer to governing directives

for specific infornation.
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OCDE DEFI N TIONS FCR TABLE A- | :

(1)
(2)

(3)
(4)

Sel ectively applicable

Ceneral |y Applicable

CGenerally Applicable to design changes only

- Not applicable

- Maintainability Accounting

- Maintainability Engineering

- Managenent

Requires considerabl e interpretation of intent to be cost effective

ML-STD 470 is not the prinary inpl enentati on docunent. Qher ML-SIDS
or Satenent of Vérk requirenents nust be included to define or rescind
the requirenents. For exanpl e ML-SID 471 nust be inposed to descri be

nai ntai nabi | ity denonstration details and net hods.

propriate for those task el ements suitable to definition during
phase.

Depends on physi cal conpl exity of the systemor unit bei ng procured, its
packaging and its overal | nal ntenance "poli cy.
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40. RATI ONALE AND QU DANCE FCR TASK SECTI ONS
40.1 TASK SECTI ON 100 - Program Surveil |l ance and Contr ol

40.1.1 Sructuring the Program Requirenents (ldentifying and Quantifying Min-

tal nabi | i Ty Needs)

40.1.1.1 The elenents of a naintai nabilitK program nust be sel ected to neet
needs identified by higher authority through docunentation such as the Mssion
Needs Satenent ( MNS), the Decision ordination Paper ( , the Program
Minagenent DOrective ( PMD), Pogram Mnagenent Han (PMP). Activity
Acqui si tion Decision Mnorandum ?ACM and the results of early front end LSA
efforts. ldentifying and quantifying these needs rust be acconplished prior to
release of in RP for the appropriate acquisition phase so that task and
requi renents conmensurate wth the needs nay be included in the RP . The tasks
and requi renents which are included establish the franework for the continuing
nai ntai nabi | ity dial ogue between the CA and the proposing contractors, one or
nore of vhom wll ultimately be selected to develop the hardware. It is
essential to nake appropriate anal yses in determining nai ntai nability needs.

40.1.1.2 The M\, DP, AMD AW and AMas anplified in the fol | owng postu-
lated operational and deploynent constraints and concepts represent the nost
fundanental statenents of user needs:

a. Qperating hours per unit cal endar tine.

b. System readi ness and m ssi on success objecti ves.
C. Downtinme or availability constraints.

d. Mobi ity requirenents.

e. Sel f-sufficiency constraints.

f. Manpower, skill a nd support constraints.

g. Reaction time requirenents.

h. Qper ati onal environnent.

l . Nunber and | ocations of operational sites.

J. Nunber of operational systens per site.

K. Depl oynent schedul e.
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A proper understanding and assessnent of these needs is critica to al subse-
quent programevents, including those 'related to naintainability and nai nt en-
ance Pl anning. Basic naintainability requirenents are derived through anal y-
sis of such stated user needs. Thesé requirenents address such subjects as

di agnostic concepts, naintenance concepts, allowable downtine. skill 1level
limtations, diagnostic and test tine to restore system direct nmanhours, per

nai nt enance action, nai ntenance nanhours per hour of operation, probability of
fault detection, proportion of faults isolatable at a given |level of nainten-
ance, false alarmrate, and Inpact of scheduled and preventive naintenance
requi renents.

40.1.1.2.1 Such requirenents should be levied at the equipnent level or at the
systeml evel , whichever is nost appropriate. Furthernore, in consonance wth the
needs defined, appropriate requirenents at or ganl zation, inter-nediate. and
depot | evel s of nai ntenance shoul d be i ncl uded.

40.1.1.3 The systemcontractor generally is given systemlevel requirenents
for contracted perfornance. As long as the requirenent 1s given at the highest

level of the system flexibility Insofar as allocations to |ower indenture
levels are afforded, provided they bal ance out to achieve the systemrequire-

nent. The allocation task |Is discussed in Task 202.

.1.1.4 The prinary guideline for the devel opnent of specifications is as
follows: If a qualitative or quantitative criterionis required and if it can
be tested or verified, then state the criterion in the specification. In the
evol ution of specifications fromneeds, the wording nust reflect definitively
the nature of the requirenents). Bfort nust be expended to elimnate the use
of such vague wording as mnimze, naximze. etc. The specification shoul d
contain the fol | ow ng:

a Definitive statenents wth no anbiguity in wording. The statenent,
"The (equi pnent nane) shall be packaged wth plug-in nodul es gexcept for |apsed
tine indicators)" is nore definitive than "The (equipnent nane) shall be

packaged wth pl'ug-in nodul es to the naxi numextent possible."

b. Realistic quantitative and qualitative requirenents consistent wth
the state of the art and cost constraints.

C. Requi renent s whi ch can be verified or denonstrat ed.
40.1.1.5 It Is the respons ibility of the CA to ensure that the na ntaina-
bility Inputs and requirenents are submtted for incorporation into the |egal
contract docunents. einputs are as fol |l ovs:

a. Quantitative and qualitative requirenents.

b. Denonstrati on-and verification-requirenents
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_ C. Secific naintainability tasks to be conducted (trade-offs, etc.)
during perfornance of the contract.
d. Mai nt ai nabi ity docunmentation requirenents.
e. Mai ntai nability task schedul e.

40.1.1.6.1 The quantitative, qualitative, verification and denonstration re-
quirenents are stated in the Q specifications. The task schedule and docunen-
tation requirenents should be stipulated as part of the SOV

40.1.2 Maintainability Program Pl an (Task 101).

40.1.2.1 The requirenents for a naintainability programplan will nornally
aF%%I y to the devel opnent of all systens and equi pnent subject to validation or

40.1.2.1.1 As arule, a scaled down program plan for concept, production and
nodi fication phases is In order. Tasks shoul d be identified by necessity and
the scope of each task structured to its need.

40.1.2.2 If a programplan is requested in a Request for Proposal (RP), the
contractor nay be asked to describe, in as nuch detail as appropriate, how he

lans to conduct the naintainability program He should be asked to discuss

ow he intends to acconplish all of the applicable and essential tasks ~  of the
program defined in the tailored version of the standard. WMen there is a
contractor's proposal for the Validation Phase, nornally a prellrmnarY nai n-
tainability programplan wll be submtted to the CA The contractor wll then

be expected to expand and nodify the prelimnary plan as necessary during the
Validation Phase to produce the proposed naintainability program plan that

wll guide the naintainability programduring the FSO S nce the nai ntai na-
ility pro%ram plan describes how the contractor intends to satisfy mssion

nai ntai nabi lity requirenents, the plan is a factor in source sel ection.

b

40.1.2.3 The maintainability programto be called out nust be consistent
wth the type and conplexity of the system or equipnent. Insofar as the
interfaces between the naintainability programand other closely related pro-
grans or efforts listed in the standard, there nust be sufficient coordination
such that duplication of effort wll be avoided. Further, the tasks to be
called out nust be tailored both wth respect to type and scope to be appro-
priate to the needs of the particul ar procurenent.

40.1.2.4 A nai nt ai nabilit%/ programcenters around the naintai nability tasks
and nanagenent procedures that wll be utilized to control naintainability
throughout a systems life cycle. Every programphase has different needs wth
respect to the conposition and scope of its maintainability program The
prinary objectives of a naintainability programare to ensure desi gn adherence

50



Downloaded from http://www.everyspec.com

M L-STD 470B

APPENDI X A

to Soecified nai ntai nabi Iit%/ paraneters in an environnent of nai ntenance and
support response requirenents (constraints) and of |owest |ife cycle cost.

40.1. 26  The CA should specify inits RP the requirenents for the conduct of
anuntainability program It is the responsibility of the CAto identify the
requirenent for” a nalntagnabllltx program and to nonitor the contractor's
naintainabi lity program it is the responsibility of the contractor to es-
tablish and naintain an effective naintainability program

40.1.2.6 The contractor's response to the RAP shoul d be eval uated by the CA
to assure that the contractor understands and is responsive to the require-
nents, and to assure that the contractor has an effective, realistic set of
resources and nanagenent tools to assure tinely attai nnent of the requirenents
and denonstration of the attai nnent.

40.1.2.7 The tasks naking up contractors plans shoul d be consistent wth
ML-SID 470. The Plan submtted for review should reflect the contractor's
understanding of the particular nmaintainability program and the system re-
quirenents and wll describe his naintainability organization and techni ques
for maintainability analysis. The tasks, in other words, are defined by a
tailored version of ML-SID470; the "how reflects the contractor's under-
standing of the requirenents and his capability.

40.1.2.8 The effectiveness of the naintainability ef
the efforts wthin the programare conpleted In a tinely nanner in consonance
wth the overal |l design engineering mlestones. Al tasks shoul d be schedul ed
to be conpleted tine to be effective in the de3|%g-nak| ng process. To be
effective, the naintainabililty o_rganl zation should be in a position to recog
ni ze foreseeable problem areas, identify efforts required to investigate and
correct these problens, and he tinely wth changes wthin the design phase.
There nust be an effective working relationship wth desi Pn engi neering es-
tablished at the onset of the programand continued through I'ts concl usi on.

y effort is defeated unl ess
|

40.1.3 Mnitor/control of Subcontractors and Suppliers (Task 102). The RPs
for the validation, F3O production and na or nodificalion phases comntai ns

syst ent subsyst emd equi pnent requi renents and sone of the equi pnent w | undoub-
tedly be designed and devel oped by subcontractors. Mintainability tasks,
Prew ously determned as _necessar?;. wll also be included in the H:|3 and in

urn nust” be nornal |y levied by the prine (or associate) or mtergratmg con-
tractor on the subcontractors. The nust know that these necessary tasks and
requi renents are correctly understood and carried out by the subcontractors.
Thi's understanding i s fundanental to neeting program needs.

40.1.3.1 The prine contractor' s naintainability program hence, nust provide
controls for assuring adequate naintainability of purchased hardware. Such
assurance i s achi eved through the fol | ow ng:
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_a. Sel ection of subcontractors from the standpoi nt of denonstrated
capability to produce a nai ntai nabl e product.

d. Devel opnent of adequate design specifications and test requirenents
for the subcontractor produced product.

C. Devel opne nt of proper naintainability requirenents to inpose on
each subcontractor.

d. Qose technical liaison wth the subcontractor (both in design and
naintainability areas) to mnimze conmunication problens and to facilitate
Iearly identification and correction of interface or Interrelati on design prob-

ens.

e. Gonti nuous revi ew and assessnent to assure that each subcontractor
isinplenenting his naintai nability programeffectively.

40.1.3.2 Mi ntai nabi ity assurance regquirenents should be inposed an subc on-
tractors and suppliers on the basis of the criticality of the hardware item
being supplied. Smlarly, the depth of these requirenents shoul d determne

the nount of effort expended by the contractor to verify that the subcontrac-

tor is performng his assurance function adequately.

40.1.3.3 For suppliers of n@ or conponents and subsystens, the prine con-
tractor shoul d eval uate each subcontracted itemindependently to determne the
type of naintainability program needed. H should then inpose appropriate
requi renents on-each contractor. Each n@ or subcontractor should submt a
nai ntai nabi lity programplan, and the contractor shoul d nonitor programi npl e-
nentation to assure conpliance wth the plan and to assess the tineliness and
adequacy of individual tasks. The subcontract should contain surveillance
provisions to permt such nonitoring. This procedure pl aces the prine contrac-
tor inasituation very simlar to that of the CAin nonitoring and eval uati ng
nai ntai nabi | ity program perfor nances.

40.1.3.4 It is prudent to include contractual provisions which permt the CA
to participate, at its discretion, in appropriate fornal prine/ subcontractor
naintainability related neetings. Infornation gained at these neetings can
provido a basis for followup action necessary to naintain adequate visibility
of subcontractors' progress.

40.1.4 Program Revi ews (Task 103)

40.1.4.1 Mintai nabi ity program reviews should be conducted throughout the
product design cycle, in accordance wth contract requirenents, as an Integral

part of the systemengineering review and eval uation program The reviews are
conducted so that particular aspects of the work or the entire system can be
reviened. These reviews shoul d be specified in the SONVto ensure adequat e
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staffing and funding. Typically, reviews are held to evaluate the progress,
consi stency, and technical adequacy of a selected design and test approach,
(POR); and to determne the acceptability of the detail design approach, (R
before coomtnent to production. Review nay. also be called for during the
conceptual phase to determine general adequacy. Both the CA and contractor
nai ntai nabi | ity personnel shoul d consider design reviews as na or ml estones.
The result of the contractor's internal, and subcontractors design reviews
shoul d be docunented and nade avai | abl e to the CA on request.

40.1.4.2 Reviews should be conducted fromtine to tine. Early in the program
the reviews should be held frequently, as the program progresses, tine between
reviews nay be extended. In addition to nore detailed coverage of those itens
discussed at FORS and (RS the reviews should address progress on all nain
tainabil Ity related tasks specified in the SOVincluding |ogistic and support
anal ysis assessnents as they relate to the naintainability effort. Mintal na-
bility reviews shoul d be specified and schedul ed I n the SOV

40.1. 4.3 Desi gn Revi ew (Gnceptual Phase) . The prinary purpose of the de
sign review during the conceptual phase 1S to nake a choice fromanong alterna-
tive systemdesi gn approaches that nay have evol ved during the design process.

40.1.4.3.1 The results of this first design review should include an under-
standing of the weak areas in the chosen design concept. A naintainability
bl ock diagram of the chosen design concept, showng na or system el enents
should al so result fromthe review

40.1.4.3.2 There should be an overal|l systemnaintainability concept provided
to ascertain that the elenents of the system are assigned the necessary and
proper General Design attributes which wll satisfy the required characteris-

tics.

40.1.4.3.3 The design review should also reveal infornation relative to the
fol | ow ng:

a. Preventive and schedul ed nai nt enance requi renents and constraints.

b. Hardware, its configuration, and accessibility as it inpacts on
nai ntai nabi lity.

C. Necessary di agnostic and testing schenes.

d. Special facilities that may be required.

40.1.4.4 Prelimnary Design Review . A this point, the prelimnary system
design is nearly conpl efe and nany conponent parts and assenblies wll have
under gone sone devel opnent testing. Sone of the naintai nability influencing
factors to be considered at this review are adherence to specifications, from
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fit, function, hunan engineering factors, packaging and conpatibility wth
ot her specifications

40.1.4.4.1 To estinate if the design wll neet the naintainability require-
nent, a naintainability prediction nust be Provided. Estinates of fault detec-
tion, diagnosis and support needs nust be provided for the equipnent. Such
estinates shoul d be nade for all levels of nai ntenance activity as are reguired
by the RP. If inprovenent is needed, areas that require nore attention shoul d

be identified Thisis the(Jooint at whi ch desi gn deci si ons be required as

to redundancy versus rapid fault isolation techni ques, or redesign of inacces-
sible areas versus a search for high-reliability parts. The latter is a
tyPi cal exanple of the extensive interface between naintainability and relia-

bility.

40.1.4.4.2 In analyzing the results of this design review nanagenent shoul d
det ermne whet her deci sions nade in the previous design reviewwere valid, and
howto plan the continuati on of the design phase.

40.1.4.5 Qitical Design Review . After changes as indicated in the previous
design review are incorporated, the product has natured into the final stage.
The purpose of the Ris to assure that all the requirenents have been net.

40.1.4.5.1 Nesting design requirenents is the prine considera  tion in the R
The results of the final nmaintainability prediction should be presented as
shoul d the final packaging design, the details relating to the design charac-
teristics of fault isolation and detection, interfaces wth support equi pnent
needs, and inpact on | ogistics.

40.1.4.5.2 Followng the successful conclusion of the R the design of the
systemor equipnent is essentially conpl ete and considered ready for prototype
assenbl y and testing or production assenbly and testing.

40.1.5 Data llection, Analysis and Qorrective Action System (Task 104).
DCata becones useful only when assenbl ed into nanageabl e aggregates for pur-
poseful eval uation, The underlying objective of a data systemis to provide
infornation by which to establish assessnent of a systems naintainability
perfornmance. There is an inseparable relationship between reliability and
nai ntainabi lity wth regard to frequency of failure (MBF) and frequency of
nai ntenance MBN as wel|l as nean tine to repair (HIBR and the criticality of
certain failure nodes wth the inpact an various naintai nability paraneters.
It is thus paranount that the naintainability data systeminteract wth the
reliability programand its data system

40.1.5.1 Mintainability, testability and diagnostics data is collected

throughout the acquisition cycle of the equipnent. The data is derived from
the fol | ow ng:
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a. Mintainability anal ysis.

b. Engineering test.

c. Mintainability denonstration test.

Mockups.
e. Wsers t est.
40.1.5.1. 1 The data collected fromthese e sources is used as fol | ows:
a. To provide logistics and support infornation.
b. To assess the adequacy of support resources:

(1) Technical nmanuals.

(2) Test e%uiTEnent (includi ng special and general support equip
nent , etc.);

(3) Training (including training equipmnent).
c. To determne personnel requirenents.

o d. To detect deficiencies in the systems or equipnent's naintaina-
bility and provide a basis for corrective action.

~a To establish repair tine histories for conparison and for use in
prediction .

~ f. _To determne conpliance wth specified naintainability, testability
and di agnosti c requi renents

_ . To detect excessive anounts of or determmne frequency of preventive
nai nt enance ti ne.

40.1.5.2 The data generated and reported should be adaptabl e to usage by both
the contractor and the CA to aid in evaluation of equipnent objectives or
requirenents. The data system should provide for the rapid retrieva of al
naintainability data in_ t format required to provide valid conparisons of
Quantitative or qualitative results. the sane tine the sc of the data
systemand its content should be conmensurate to the needs of the acquisition

pr ogr am

40.1.5.2.1 Eanples of additional infornation which nay be appropriate in-
cludes identification of:
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a. fail ure synptons.
b. corrective actions.
C. failed parts.
d. tinme to restore function.
e. mai nt enance manhours.
f. skill level of te st personnel and naintenance personnel.

40.1.5.2.1.1 Data Reports fromtests shoul d contain sufficient infornation
to corooborate findngs ad assessnents. Exanple as of infornation on wich nay be
appropriate incl ude:

a. Ti me and dot e nmai nt enance comenced.

b. Identification of system equipnent or assenbly by use of appropri-
ate designation.

C. Mai nt enance actions teamto affect correction.

d. Met hods of Fault Detection and Isolation utilized and the results

of the diagnostic effort.

e. Q rcunstances surrounding the nai ntenance, wth particular refer-
ence to any abnornal ities noticed.

f. Entries to reflect the tine expanded by the individua or crew
(reported in actual clock hours).

40.1.5.2.2 HEntries fromthe last itemlisted wll be used to establish or
verify the naintainability of the equipnent reported. Further, they can be
used to verify the distribution of naintenance tines assuned in predicting the
nai ntai nabi | ity paraneters.

40.1.6.8 A prinmary purpose of date analysis during the devel opnent and test -
ing phases is to assist in design. The enphasis in such analysis is not so nuch
on determning if the nunerical nai ntai nabi lity requirenents wll be not by the
tine design is conpleted but rather on providing assessnent and insight into
areas of the design that nay be deficient in naintainability. Early anal yses

also provide information inputs for planning the |ogistic support and person -
nel requirenents of a system

40.1.6.4 Both engineering and qualitative analysis of the system or sub-
elenents should be initiated on each itemwhich fails to conply wth the
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specified requirenents. This consists of the determnation of the causes
| eadi ng to nonconpl i ance and the determnation of changes required in order to
ef fect conpliance wth specified requirenents .

40.1.5.4.1 Qualitative analysis consists of review of specifications, design
draw ngs. and examnation of prototype or production hardware. and other ef-
forts required to adequately determmne cause of nonconpliance and to nake
corrective action recommendations, if necessary.

40.1.5.6 = Ater the systementers its naintainability’ denonstration, data
anal %/s!s is required for verification purposes. Any unforeseen problens in
naintainabi ity can be detected. personnel and spares requirenents can be
reaffirned, and necessary adjustnents can be nade. Fully operational systens
nay also require the inposition of a detailed data collection plan for a short

riod to neet the needs of technical devel opnent or to | ocate specific prob-

ens in a troubl esone system

40.1.5.6 = The data collection systemi should be integrated as nuch as
possible wth simlar data collection requirenents. The data system shoul d be
conr)atl ble wth and capabl e of accepti n%édat a fromother existing data systens
called for inother programareas (i.e. Reliability, Safety. etc.?.

40.1.5.7 Data collection systens to be used In naintainability prediction or
assessnent shoul d be defined as early as possible, but not later than Valida
tion Phase and used during the FSD and operational testing.

40.1.5.8 Data collection for denonstrati on should receive ﬁbelinhnary pl an
{n during the Validation Phase and shoul d becone firmin the plan prior to
esting.

40. 2 TASK SECTI ON 200 - Design and Anal ysi s

40.2.1 Maintainability Mdeling (Task 201). = The systens engi neering process
is defined as the process by which input requirtenents fromthe user or CA are
converted into output infornmation which describes an opti num conbi nation of
systemel enents to satisfy requirenents. The opti numdeci sion is derived based
on an iterative process which includes functional analysis, synthesis of al-
ternative candidates. and eval uation. Selection of an 0|ot| num confi guration
for design or support in not cases is based on life cycle costafacqw sition
and support costs), perfornance characteristics relative to total cost effec-
tiveness, personnel and support constraints. and systemreadi ness objecti ves.

40.2-1.1 The utility of nodels to the design process is al nost in direct
Proport!on to equi pnent” conpl exity. For exanple, a nodel is al nost nandatory
or design purposes for a radar system but Is of, at best, narginal utility
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for a small equipnent such as hand held transceivers. Hence, contenplated
conpl exity should be an inportant consideration in determning the need for and
scope of this task.

40.2.1.2 Mdel s are used in the determnistic process for the cost and per-
fonance paraneters. A nodel is defined as a systematic, analytical process
used to predict system paraneters . The conplexity, of the nodel nay range
froma sinple functional flow or block diagramof few elenents to a conrnlex
flow diagramdepicting a total systemoperational flowto a nathematical form
of relationship which relates systemparangters to system perfornance. Mdel s
nay be inplenented either nanually or through conputer programmng, and nay
specifically be used as a naintainability tool to performallocations. predic-
tions, design,, or support concept alternative trade-offs.

40.2.1.3 Mintainabi lity Mdels are used to determne the effect a change in
one variable has on acquisition or total sSystem cost or naintainability or
nai nt enance perfornance characteristics. The nodel s shoul d, when possi bl e

relate to or be consistent wth cost and system readiness nodels and ot her
appropriate LSA high level nodels. They nay be utilized to determne the
inpacts of changes in fault detection probability, proportion of failures
isolatable frequency of failure, nean tine to repairs critica percentile to
repair, naintenance hours per flying (or operating) hour etc.. The nodel s nay
also be expanded and used to determne and evaluate the level of repair. The
level of repair identifies not only the repair location, but the extent of
nai nt enance permtted and the resources necessary to su[)port the repair pro-

cess. Gare should be taken not to duplicate repair |evel - anal ysis done under

the LSAeffort. Instead, nodel s should work in conjunction wth the repair

level analysis to determne the nost naintainable, testable,, supportable and
cost effective systemavailable. Repair |evel analysts is nornmally a requir-
enent called ot as NL-SID1388-1. It is evident that such decisions nust be
nade as an integral part of system design. The investnents nade during the
devel opnent and production phases preclude or seriously inhibit subsequent
reversal of repair-level decisions during tie operational phase. Design fea-
tures incorporated to achieve | ogistics support objectives can be nade at
mninal cost to prelimnary draw ngs specifications . They are nuch nore
costly when nade to prototype and production har dvare.

40.2.1. 4 The nodel should be devel oped as soon as hardware definition
per mts, even though usable nunerical Input data amnot available, Careful

review of even the early nodel s can reveal conditions where nanagenent action
nay be required.

40.2.1.6 During the conceptual phase and validation phase of procurenent,
various design and support alternatives way be postulated and eval uated
through use of nodels. The selected alternative establishes the baseline for
eventual hardware fabrication and for operation and support policies. During
FSD the nodel s previously devel oped will be updated and used to provide
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visibility as to Iorogress tonard attainnent of specified requirenents and
design goal s as well as to eval uate the consequence of engi neering changes.

40.2.1.6 It is inportant that an operational naintenance plan or its
equi val ent be provided to the contractor. The operational naintenance plan is
a description of the planned general schene for nai ntenance and support of an
itemin the operational environnent. The nai ntenance plan provides a practical
basi s for devel opi ng nodel s capabl e of infl uenci gg design, layout, and packag-
ing of the systemand its test equi pnent and establ i shes the Scope of nai nten-
ance responsi bility for each level of na ntenance and the personnel resources
required to naintain the system %)Aferatl onal nai ntenance policy concept and
pl an shoul d cone fromthe up-front LSA effort.

40.2. 1.6.1 Such nai ntenance plans for the systemare established as part of the
LSA using avai l able infornation, prior feasibility studies and know edge of
the support elements. Timing of LSA Task Henents wll influence the availa-
bility of this infornmation. 1t's essential that coordination be effected wth
LSA personnel attached to the CAin order to scope and define the infornation
to be provided. These plans provide ?w dance for the definition of support
requi renents. Q(perational nai ntenance pl ans shoul d i ncl ude:

a. Projected | evel s and | ocations of nai ntenance.
b. Facilities deenmed to be required at each | ocation.
C. Qupport equi pnent and tool s anticipated at each | ocation..
d. ISl(<)iclallt,i Io(?]\{el S, types, and nuners of personnel availabdl e at each
e. Suppl y considerations at each | ocati on.
40.2.2 Mintainability Alocations (Task 202). The contractor wll begin the

nai ntai nabi | iTy_design process wth one or in specific naintainability ob -
jectives or requirenents that nay be expressed in any one of a variety of ways;

I. e, nean tine to repair, ratio nai ntenance hours to operating hours,

nai ntenance nanhours per hour of operation, fault detection probability,
probability of fault isolation to a given level(s) etc.. As an ad to
achieving ‘system naintainability objectives, these nust be translated into

nai ntai nabi |1ty requirenents for’ system conponents. This process is known as

nai ntai nabi lity allocation.

40.2. 2.1 Mintainability allocations Are perforned for the followng pur-
poses:
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a. To provide guidelines to designers of individua Itens naking up a
systemor equi pnent so that the system  or equi pment neets specified nai ntaina
bility requirenents if designed in accordance wth these gui del i nes.

b. To provide a procedure for naintainability bookkeepi ng based on a
logical distribution of the overall naintainability requirenents.

C. To provide a naintainability nanagenent tool to system contractors
when several suppliers are invol ved.

40.2.2.2 Alocations can be nade by the CA by its contractors, or by sone
conbi nation of both. If the CAis to performthe systemlIntegrating function,

the responsible Governnent Agency perforns the allocation and includes the
results as requirenents in the separate contracts to the various subsystem
contractors. For systens being integrated by a contractor, the integrating
contractor is responsible for overall systemnaintainability; he wll perform
the allocation and assure that his subcontractors coll ectively neet the system
contractual naintainability requirenent. Each equi pnent or conponent contrac-

tor (or subcontractor) is responsible for the allocation of his provided re-

qui renents or objectives to the lower tier levels of design or packagi ng over

whi ch he has cogni zance.

40.2.2. 3 Alocations need only be nade to the level of hardware and nai nten-
ance which has a direct bearing on the value of the naintainability indices
being allocated. If, for exanple, the nean tine to repair at organizational
| evel was specified as a requirenent and no requirenents were levied on inter-
nedi ate and-depot nean tine to repair, the naintainability allocation is per-
forned only to the renovable units at the organi zational |evel of naintenance.

40.2.2. 4 In the allocation process initia estinates of naintai nability nust
be nade for each affected Item The estinates nust be nade in the sane units of

neasure as the naintainability objective. The estinates nay be derived from
any of the foll owng sources:

a. Predi ctions .

b. Data on simlar conponents.

C. Experience with simlar conponents.

e. Engi neering estinates based on personal experience and j udgnent .

40.2.2.5 The all ocation process should be Initiated as soon as possible in

the early acquisition phases, for It Is thenthat nost flexibility in trade -
offs and redefinition exists. Aother reason for starting early is to allow

tine to establish lower level naintainability requirenents (systemrequirenent
alocated to subsystens , subsystemrequirenent all ocated to assenlies , etc.).
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A'so, the reqfui renents mst be frozen at some point to establish. baseline
requi renents for designers.

40.2.2.6 Ater Ane lower level maintainability requirenents are defined,
they should be levied an the responsible equipnent engineers (contractor and
subcontractor) for al hardware levels. Wthout specific naintainability re-
quirenents which nust be designed to, or achieved, naintainability becones a
vague and undefined general ective for which nobody is responsible. Fom
anot her a%ler_spectlve,_ program progress can be neasured” by eval uating defined
naintainability requirenents at a given mlestone/tine period wth what has
actual |y been acconpl i shed.

40. 2. 2.7 Alocation objectives, results and problens are to be covered in
both POR and CDR

40.2,3 Mi ntai nabi lity Predictions (Task 2031.  To assure that established

requi renents (and alfocations) for systemnaintainability have been net, it

Wil be necessary to assess the systems mai ntainabi |1ty characteristics
riodi cally throughout the devel opnent process. Prediction rethods are used

or that purpose prior to denonstrations using production hardware.

40.2.3.1 During the validation phase, the predicted maintainability of the
various systens proposed to neet an operational need are critical faCtors in

sel ecting "the optinum course of action. Snce a limted quantity of specific
data is available in this phase, naintainability predictions are based  largely
on experience wth predecessor systens and on prediction techniques applicabl e
during the validation phase.

40.2.3.2 During the early desi gn phase of FO maintainability predictions
can be used to determne the Inherent naintainability characteristics-of the
proposed system the effects of proposed changes on haintainability, and the
opti numtrade-of f of equipnent characteristics. Predictions nade during this
phase are generally nore accurate than those nade in the validation phase,
since nore specific system Infornation is available. Because they are nore
accurate, the predictions obtained during early FD shoul d be used 'to upgrade
earlier predictions and the processes used to obtain them The follow ng
information is required to i npl enent the techni ques:

a Mai nt enance concept .

b. Functional bl ock di agrans.

C. Equi prent t heory of operati on.

d. Li st of naj or equipnent repl aceable units.

e. Reliability estinmates at the replaceable unit |evel.
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f. D agnostic concept and capability.

40.2.3.3 The detail ed design prediction techni que (applied madway during
FD) is appropriate once detailed functional bl ock diagrans and a conpl ete
packagi ng phi | osophy are established for an equi pnent. The nethod perform
ing the detailed predictionis simlar tothat of the early prediction tech-
nique , and they provide a continuous nedi an for establishing and
updating ability predictions for a devel opi ng equi pnent. The fol -
lowng infornmation is required to i npl enent the techni que:

a Mintenance and di agnostic concepts, including status panels, oper-
ator control panel |ayouts, built-in test equi pnent operation and capability,
interface data, renoval and repl acenent task definitions, nounting hardware
arrangenents, and accessibility details.

b. Functional bl ock di agrans.

C. Equi prent t heory of operati on.

d. Detailed parts lists and schenatics or circuit diagramfor Renova-
ble Unhits.

e. Reliability estinmates at each renovable unit |evel.

f. Renovabl e unit sketches and draw ngs.

40.2.3.3.1 The infornation in the first five of the above itens is simlar to
that required the early prediction. However, at this point, engineering
judgnents and assunptions wll have given way to programdeci sions. Sone of
the equipment wll be past the sketch phase and into a fornal drawng cycle
(last 1tem). Decisions wll have been nade on suppliers and subcontractors,
and i(;l nany cases, individua renovable itens wll have been breadboarded and
t ast eqd.

40.2.3.4 The prediction procedure to be chosen nust correspond to the nain
tainability paraneters specified ML-HBK472 establishes several preferred
prediction techniques for end Itens of equipnent and systens, for several
araneters. These include techni ques capabl e of I ncorporating such testa-
ility characteristics and philosophies as fraction of faults detectabl e/iso-
latable, levels of anbiguity and troubl eshooting concepts pertinent to various
| evel s of systemindenture. Qher techniques nay be found desirable. The
types of data required for prediction purposes are delpendent upon the predic
tion paraneters and systemlevel of interest and the level of naintenance for
which this prediction is to be nade. Techniques are also available for pre-
di cting schedul ed and preventive nai nt enance workl oad.
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40.2.3.5 The prediction task, which is iterative throughout the program and
interrelated wth activities such as reliability allocation and configuration
anal ysis, should be specified by the CA during the validation and FD phases to
determine maintainability, feasibility and attainability. Predictions provide
engineers and nanagenent essential infornation for day-to-day activities;, in
addi tion, they are inportant supporting el enents for programdeci si on-nakers.

40.2.3.6 Predictions should be nade as early as possible and updated when-
ever changes occur.

40.2. 3.7 Maintai nabi | i
to availability, logis

40.2.4 Failure Mdes and BEfects Anal ysis (FMEA  (Task 204). _ARMEA is used to
ascertain—Information necessary for general na nta napi 11ty design factors
which relate to fault detection and rsolation. Specifically, it relates to
such activities as the determnation and design of Indices of failure, place-
nent and nature of test points, devel opnent of troubl eshooti ng schenes, and the
est abl i shnent of design characteristics to be ascribed to fault detection and
isolation subsystens. The effectiveness and efficiency of fault detection and

y predictions at any nai ntenance | evel becone inputs
I cs support, and nai ntenance engi neering anal yses.

—~ —+

isolation are critical drivers of naintai nabilit}r(| at” organi zational . _inter-
nedi ate, and depot levels of naintenance. Through its use, potential design
weaknesses whi ch can al so inpact safety and reliability nay also be identified.

40.2.4.1  Ehgineering schenatics, reliability and test data are used in the
Inpl enentation of a Mbdes of failure and their effects on synptons are
identified such that fault detection, diagnostic and isolation design can
proceed effectively.

40.2. 4.2 In a FEMA, system subsystem equipnent. and repl aceable unit
(whi chever is appropriate to the nai ntenance |evel of concern) failure nodes
are established first. Al significant falure nodes nust be identified,
al though those which have no effect or system operation or at very snall
probabi lity of occurrence nay be disregarded (if the failure wll rat create a
hazardous condition). Next the failure effects are established for each
failure node. Afailure effect is defined as a | oss or degradati on or change
of a function or output of the itemto bel ow specified val ues (system subsys-
tem equi pnent, replaceable unit) due to a failure. Hfects are described in
terns of the nanner in which itemsignals or outputs are displayed opera-
tionally or are provided to another item A systenatic review of the func-
tional bl ock diagramor schenatic can be used to generate a list of effects by
examni ng the fol | ow ng:

a. External itemoutputs - signals provided to other itens.
b. Itemoutputs - signals output to operators.

c. Satus and nonitor panels - these often display inportant internal
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itemsignals.
d. G her performance nonitoring infornmation.

40.2.4.3 The depth and scope of a HMEA is dependent on the naintainability
requirenents levied in the RP and the conplexity packaging and nature of the
item undergoing procurenent. An unconpl ex equipnent which his a requirenent
levied only on naintainability at the organizational level, and is envisioned to
have, say five or fewer replaceable units at the organizational |evel, wll
require only a all scope AMEA to the depth of the renovable units. For a nore
conpl ex equipnent which has requirenents levied on naintainability at both
organi zational and internediate levels and is envisioned to contains say 10 or
nore replaceable units at the organizational level, and each replaceable unit
contains at least 10 subunits which amin turn replaceable at the interned ate
level, alarger scope FMEA to the depth of the renovable subunit is called for.

40.2.4.3.1 Gre nust be taken when specifying naintainability requirenents to
indicate whether they relate to organizational, internediate, depot or to sone
conbi nation of these as such requirenents inpact interpretations of what is
required for the AVEA task.

40.2.4.4 FMEAs or related analyses nay be called ot as part of both relia-
bility and safety programand program pl ans. Effort should be nade to co-
ordinate and integrate such anal yses.

40.2. 4.6 Because of the nany and varied skills required to determne failure
nodes, effects, corrective action, etc., the FMEA requires Inputs from nany
disciplines: it is relatively uninportant wich engineering group is selected
the contractor to nake the analysis as long as cogni zant design engi neers
play a nor part. Wat is inportant is the critical examnation of the
results by all disciplines vhich could utilize the know edge brought forth by
the analysis. It is therefore effective to review the analysis findings and

uses to which they are applied as part of required schedul ed Program Revi ews.
40.2.5 Mintainability Analysis (Task 2051 . The naintainability programis
directed to the [Cevelopnent of the naintenance capability required the

operational needs of the system through design actions. The naintainability
Aalysis is a key task. It has four nain purposes: (1) to establish design
criteria that wll provide the desired systemfeatures, (2) to allow for design

deci sions to be nade through the eval uation of al ternatives and through the use
of trade-off studies, (3) to contribute toward determining nai ntenance, repair

and servicing policies and critical support determined to be instrunental to

nai ntai nabi lity perfornance achievenent,, and (4) to verify that the design
conplies wth the naintai nability design requirenents. This task has signifi cant
possibilities for overlap with LSAefforts, and should therefore be co-
ordinated closely toinsure consistency and prevent duplication. These nust be
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scheduled to natch the overall design devel opnent and other Program ml e-
stones. In order to plan a neaningful program the contractor should be
provided wth a clear understanding of systemlevel requirenents and operating
plans so that he can select the essential el enents to achi eve necessary avail a
bility and downtine obj ecti ves.

40.2.5.1 The anal ysis task requires as inputs, the naintainability require-
nents at all levels of nai ntenance and all available infornation regardi ng the
nai ntenance policy concept and plan. The nai ntenance policy consists of the
rules established for naintenance conduct who, where, how,; the na ntenance
concept is the approach, selected at various levels of naintenance, to inple-
nent the policy and achi eve the nai ntenance perfornmance goals; and the planis
the detai | ed net hodol ogy for inpl enenting the concept.

40.2.5.2 The naintainability requirenents in nany instances depend on the
adequacy and effici en_c?/_ of test and diagnostic system design. Hence, an
analysis of maintainability shoul d include corresponding analysis of test an
di agnostic system nakeup and design. There are several test and diagnostic
systemcat egori es whi ch nay be consi der ed:

a. Aut omati ¢ har dwar e, ext er nal .
b. Automatic software, external.
Automati c hardware, internal.

c
d. Automatic software, internal.
e Manual sof twar e.

—h

Manual .

g Sem aut omati ¢ (conbi nati on of manual and automatic).
h. Mai nt enance ai ding and ot her di agnosti c procedures.
(

t

Al of varying degrees of conplexity. The termautonatic indicates that the
esting is perforned wthout hunan intervention.)

40.2.5.2.1 Hardware test usual ly neans that the input &s) to a system subsys-
ten. unit or subunit nay be provided a stimuli and the output(S) nonitored.
The level of isolation nay, therefore, be just to that item Hardware tests
nay al so enconpass perfornance nonitoring, Utilizing nornal functional inputs.

40.2.6.2.2 Software testing still requires stimuli and nonitoring, but a pre-
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determned logical analysis is applied to the results of the input/output
relationship and isolation is to a lower level than that in hardware testing
only (given-the sane i nput(s) and output(s)).

40.2.5.2.3 Internal, eneded test equipnent or functions are usually re ferred
to as Built-In-Test-Equipnent (S TB. It is special-purpose equi pnent,
designed in to performspecific self-test functions for a particular systens
subsyst ens equi pnent or equi pnent s.

40.2.5.2.4 External test equipnent can be either general purpose or special
purpose. General purpose equipnent is built for general test functions on nany
equi pnents and include such itens as signal generators, Mters. Scopes,
etc.).

40.2.5.2.5 Minual testing is basically the utilization of standard conmerci al
test equipnent and sone degree of 'trial and error” techniques and generaly
results in sone unacceptable degree of indiscrimnate substitution and naki ng
adjustnents to attenpt a quick fix. However, for a very staple or unconpl ex
equi pnent, it nay be rest effective.

40.2.6.2.6 Wile the use of autonatic test equi pnent ny have associ at ed wth
it sone of the sane resulting problens as mutual testing, it can performnore
tests at nuch greater speed on nore conpl ex equi pnent.

40.2.5.2.7 It nust be borne in mnd that the nornal operational indi-cations
provided in a system also provide sone degree of fault determnation and
isolation so that the starting point for fault location, particularly at the
systemlevel, is not zero.

40.2.6.2.8 The use of nai ntenance aids, including diagnostic routines, repair
procedures, and naintenance historical data provide a powerful tool when
conbi ned wth a test capability.

40.2.5.3 The follow ng points nust be kept in mnd:

a. Test systens cannot be considered as an afterthought; they nust be
an integral part of the design.

b. Test systens often nean additional hardware and software above and
beyond that required for the prinary function.

C. Test systens are rarely perfect; there are faults which are not
detected;, there are faults which defy isolations there are identifications of
units or subunits as faulty which are in fact operating properly. These
qual ity characteristics inpact the attainnent of naintainability, and |ogis-
tics support requirenents and goals. In addition, the acquisition costs of
such test systens are & very significant %%rti on of total systemprogramcost.
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It is for these reasons that it is essential for the mai ntainability anal ysis
to define both the conposition and quality attributes of the design of the test
system

40.2.5.4 The trade-off studies which are-p erforned as part of the anal ysis
are conducted at the systemlevel to evaluate systemoptions and at the desi qn
level as the basis for selecting from anong candidate detail designs. Tt
provides for the definition of resulting naintainability val ues as functions

of acquisition, work support costs, design concepts, design details and nain-
tenance pol i ci es.

40.2.5.5 The Mintainability Analysis should contribute towards determning
the repair policy for the system each subsystemand then for each assenbly or

conponent. This is essential as an input to LSA It's essential that neces-

sary coordination be effected wth LSA personnel attached to the CA to both
appri se themof such inputs and to avoid duplication of effort.

40.2.6.6 Val uabl e and necessary inputs to the naintainability anal ysis task
are obtai ned fromthe fol | ow ng:

a. Reliability anal ysis and prediction.
of personnel I—ruengdi\ rf e%(.:t ors studies which recoomend skill levels and quantities
C. System safety anal ysi s.
d. Cost analys is tasks.
e. Manuf act uri ng process anal ysi s.
40.2.6 Miintainability Design Qiteria (Task 206). In order to translate

nai ntai nabi | iIiTy” requiTenents and anticipated operational constraints into
practical and effective hardware desgl‘;ns a broad spectrumof design criteria,
standards, and policies, both gener and specific nust be defined and em
pl oyed. Suggested criteria nay suboptinal and nust be set wthin personnel

and support constraints, and sSystemreadi ness obj ecti ves.

40.2.6.1 As a result of al ocations, trade-offs, special analysis, and
nodeling, a firmbasis is established for the selection of quantitative and
qualitative design targets necessary to neet specification requirenents.

40.2.6.2 General design criteria relate to the achi evenent of various goal s
or targets, for exanpl e:

a. To mnimze downtine due to mai ntenance by usi ng:
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Mai nt enance- free design
Standard and proven design and conponents.
Sinple, reliable, and durabl e desi gn and conponents.
Fal | -safe features to reduce fail ure consequences.

"\Wr st -case” design techniques and tol erances which al | ow
for us and wear over itemlife.

Modul ar Desi gn

An efficient integrated set of diagnostics fromorgani za
tional to depot |evels of naintenance.

To mni mze nai nt enance downti ne, by designing for rapid and posi -

(1)
(2)
(3)
(4)
(5)
(6)
(7)

Predi ction or detection of mal functi on or degradati on.
Local i zation to the affected assenbly, rack, or unit.
|solation to a replaceab |e or repairable nodule or part.
Correction by replacenent, adjustment, or repair.
Verification of correction and serviceability.
Identification of parts, test points, and connections.

Calibration, adjustnents servicing, and testing.

To mni mze nmai ntenance costs by designs which m nim ze:

(1)
(2)
(3)

(4)
(5)
(6)

Hazards to personnel and equi pnents.
Speci al inplenments for nai ntenance.

Requi renents for depot or contractor nai ntenance (unl ess proven
to be nost effective).

Correction rates and costs of spares and materi al s.
Unnecessary nai nt enance.

Per sonnel skills.

68



Downloaded from http://www.everyspec.com

M L-STD 470B

APPENDI X A

d. To mnimze the conplexity of maintenance by designing for:
(1) Conpatibility among system equi pnent and facilities.
(2) Standardization of design, parts, and nonencl ature.
(3) Interchangeability of |ike conponents, naterial, and spares.
(4) Mninmum nai ntenance tool s, accessories, and equi pnent.
(5) Adequate accessibility, work space and work cl earances.

e. fTo mni mze the maintenance personnel requirenents by designing
or:

(1) Logical and sequential function and task all ocations.
(2) Easy handling, nobility, transportability, and storability.
(3)  Mnimum nunbers of personnel and nai ntenance specialties.

(4) Sinple and valid naintenance procedures and instructions.
f. To m nimze mnai ntenance error by designing to reduce:
(1) Likelihood of undetected failure or degradation.

(2) Maintenance waste, oversight, msuse, or abuse.
(3) Dangerous, dirty, awkward, or tedi ous job el enents.
(4) Anbiguity in maintenance in |abeling or coding.

g. To mnimze the frequency of tool failure by:

(1)) Povision for solid seating of tools and, for uniform application
of rotational force by ensuring adequate accessibility, work space, an
wor k cl earance around fast eners.

(2) BEnsuring torgue loads required to install and renove fasteners
do not éxceed the capability of required tools.

40.2.6.3  The design criteria nust be devel oped to assist the naintainability
analyst in the selection of naintainability quantitative design features to
enhance the incorporation of optimumnai nfai nability intothe design of sys -
tens and equi pnent .
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40.2.6.4 System and equi pnent design criteria should be so structured that
feat ures whi ch enabl e cost effective nai ntenance support thr ou?hout a depl oyed
hardware life are considered in the design process. Sone exanpl es of naintain-
abilityf dlelsi gn criteria which nay be appropriate for sone equi pnent prograns
are as foll ons:

a. Al repair part itens having the sane part nunbers shall be func-
tionally and physically interchangeabl e wthout nwodification or adj ustnent of
the itens or the systemor equi pnent- in which they are used.

b. Mintenance adjustnent or alignnent shall not be required.

~ Cc. Preventive (scheduled) naintenance requirenents, including cali-
bration, shall be elimnated.

- d. Physical and functional naintenance access shall be provided to any
active conponent upon opening or renoval of access entries, and shall not
require the prior renoval or novenent of other conponents.

e. Devices securing access entrances and nai ntenance repl aceabl e itens
shall be the captive, "quick-release" type wth positive | ocking features.

_ f. Special (systemor equipnent peculiar) tools shall not be required
in the pertornance of user or Internediate | evel nai ntenance tasks.

40.2.6.5 Gonpl i ance wth the criteria can best be determned by examning
functional diagrans systens schenmatics, equipnent packaging, form fit and
function, examnation of technical orders, content of prelimnary and critical

design reviews, This process of confirmng conpliance wth criteria should be
co(r)n}:I Inued through FSD and iterated as dictated by proposed changes during
product i on.

40.2.7 Preparation of Inputs to the Detail ed Mintenance Han and LSA (Task

2071. Many of the results and outputs franc the naintainabi 1ty program i npact
the devel opnent of the detailed naintenance plan and LSA It is the purpose of
this task to identify that relevant infornation and data devel oped under the
nai nt ai nabilityerprogrammhich relate to these. This task is essential to avoid
duplication of effort and to provide for traceability of maintainability
puts used for nai ntenance pl an and LSA devel opnent .

40.2.7.1 Depending on the nature and scope of the naintainability require-
nents and programplan (i.e., the figures of nerit used to express the nain-

tainability requirenent (s); nean-tine-to-repair, nantenance nanhours per
failure, etc. ,the naintenance level (s) at which the requirenents are |evied,

or the acquisition phase) the quantity and types of infornation and data
available as inputs to the detailed naintenance plan and LSA wll vary from
programto program
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40.2.7.2 The detail ed nai ntenance plan and LSA require such inputs as infor-
nation relevant to nmaintainability deS|an and characteristics, itemlayout and
patckagltng and test subsystem design (BT and external testing itens) char-
acteristics.

40.2.7.3 The followng represent exanples o f types of naintainability data
which relate to the formulation of the detail ed nai ntenance plan or LSA

a. Packagi ng configuration as it relates to itemnaintai nability.

b. Fault detection/isolation approach and characteristics.
) c. The different-types of repair actions/repl acenents required for an
itemand its conponents at the various nai ntenance | evels.

d. Schedul ed nmai nt enance requir ed.

e. Results of maintainability predictions.

f. Test equipnent and tools required for corrective/ scheduling nain-

tenance at each nai nt enance | evel .

g. ill levels, types of personnel required at each naintenance
| evel .

40.2.7.4  Portions of such inputs should be available prior to the start of
FD to guide the definition of supﬁort and logistic requirenent, 101 inputs
shoul d be avai |l abl e during the FSD phase prior to the IR

40. 3 TASK SECTION 300 - Eval uation and Test

40.3.1 Mintainability/Testability Denonstration (NJ (Task 301). .

M ntai nabi TTTy denonStration is (he process in wiich a test 1s conducted to
show whether™ or not an item possesses satisfactory naintainabilit
characteristics. The speC|f|cea(\jppr_oach used can range fromlimted controlle
tests to an extensive controlled field test of the product.

40.3.1.1 The requirenents for fornal MD tests should be introduced in the
RP. The SOWNshould specify details concerning the required nature, conduct
and substance of the test(s) to be perforned.

40.3.1.2  The CA should. determne the need, type and scope of this fornal
MD. The deci sion shoul d be based on mission requirenents, cost of tests, and the
type of equi pnent bei ng devel oped. A MD test does not guarantee achi eving the
required maintainability requirenments however , it focuses the contractor's
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attention on incorporation of naintainability features in the design. In sone
cases additional enphasis nay be provided by including incentives inthe
contract.

40.3.1.3 The CAis responsi bl e for supplying I nfornati on based on opera-

tional and other constraints, that provide a basis for defining the test
procedures. As a mnimumthis infornmation nust include the nai nt enance
phi | osophy, descriptions of the nai ntenance environnents. the nodes of opera-
tion for the test, and the level s of nai ntenance to be denonstrat ed.

40.3.1.4 M L-STD 471 establ i shes uni formprocedure test nethods and require
nents for the MDtests. In the event that none of the test are nethods are
appropriate to the denonstration in question due to uni que equi pnent charac -
toristics etc., alternative test nethods shoul d either be provided by the A or
solicited fromthe contractor.

40.3.1.6 The devel opnent of this task should start no later than the begin-
ning of the FAD program A this point, the plan shoul d include, as a mni num
all of the infornation that is known about each of the followng el enents. It
shoul d be flexi bl e enough to al | ow changes and addi tions as requi red.

a. Test Team

b. Support Material .

C. Preparati on Stage.
d. Denonstrati on.
e. Qound Rules for Test.

40.3.1.6 Specific dates for review by the CA shoul d be established at the
tine the contract is awarded. Before the test' is conducted, the MD plan and
detai | ed procedures nust receive final approval of the reviewng activity.

40.3.1.7 The fol l ow ng provi des gui dance and Infornation wth respect to the
test team its nakeup and needs

40.3.1.7.1 Test Team Function, Quganizations, Mkeup. The test team perforns

the denonstration and nakes decisions relative to the infornation and data
resulting fromthe denonstration. It is nornally conposed of personnel from
the contractor and the CA The teamis usually organized into two na or
sections. The denonstration review section. which is responsible for the
conduct of the test and for observation and interpretation of test results (it

isof primary inportance that CA personnel have representation inthis sec-
tion), and the nai ntenance section, which is responsible for the actual per-
fornmance of the required nai ntenance actions. Menbers of the nai nt enance
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section should be hardware oriented technicians wth qualifications and skill
level s equivalent to those of the personnel who wll performthe post-depl oy-
nent nai ntenance. Each task to be perforned by the na ntenance section shoul d

be perfornmed wth the personnel quantities prescribed for post-de;fol o%nent
mai nt enance. Were _|o955| ble, it is desirable to have the nenbbers of this
section conposed of mlitary personnel wth prescribed training or speciali-
ties as required to support the equipnent in the field.

40.3.1.7.2 If contractor personnel are used, the degree of experience and
skill levels of such personnel shoul d be defined :

40.3.1.7.3 If Gvernnent technicians are used, the training and indoctrination
program shoul d include the use of all commercial test equipnent that wll be
used during the test and trai ning on the equi pnent to be denonstrat ed.

40.3.1.7.4 Responsibilities. The responsibilities of the team nenbers shoul d
be explicitly stated in the plan.

40.3.1.8 The followng provides guidance and information wth respect to
ground rul es whi ch shoul d be established for the denonstrati on.

40.3.1.8.1 Gound Rules (For the Denonstration) should be established app-
licable to such itens as:

) a. ~Instrunentation Failures. These pertain to any failures of test
instrunentation used to instrunent the denonstration itemfor test purposes or
the failures induced by such test instrunentation, their Installation or oper-
ation (and all naintenance tine resulting fromsuch failures).

b. Mii nt enance Due to Secondary Failures. T hese pertain to any secon-
dary failures resulting froma chargeabl’e prinary failure, and the disposition
of ‘the total resultant naintenance tine necessary to correct (restore the
prinary and its associ ated secondary failure(s)).

) C. | nadequat e Support Equi pnent. These pertain to the steps or ac-
tions to be taken in the event that in the acconplishnent of a na ntenance
task, a technician finds the applicabl e support equi pnent to be i nadequat e.

o d. | nadequacy in the Technical Munuals. Determnation of chargea-
bility of naintenance tine in the event that an itemis danaged, or na ntenance
error” is induced due to inproper, inaccurate or inadequate infornation con-
tained in technical nanual s (e.g., interchangeability of connectors).

e. Personnel MNunber and Skill Accounting. If personnel having dif-
ferent skill levels are required on an intermttent” or sequenced basis, for a
o] vent mmknt enance task, howthe nanhours wll be assessed agai nst the nai nten-
ance task.
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f. Ganibalization. Wi ether or not, or under what conditions can
nai nt enance associated wth the renoval or reinstallation of the itemor sup-
port equipnent assentlies or conponents for cannibalization purposes be
char geabl e.

g. Mintenance |nspection. Wiether or not visual Inspection or any

nai ntenance during pro-flight, post-flight, or any phase of a phased inspec-
tion shall be considered a preventive nal ntenance task.
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