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1. This Military Standard is aporoved for use by all Departments and
Agencies of the Department of Defense.

2. ficial comments (recommendations, additions, deletions) and any
pertinent data which may be of use in improving this document should be
addressed to: ASD/ENESS, Wrisht-Patterson AFB, OH 45433 by using the
self-addressed Standardization Document Improvement Proposal (DD Form 14256)

appearing at the end of this document or by letter.
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FOREWORD
This military standard consists of basic application requirements,
specific tailorable reliability program tasks, and an appendix which includes
an application matrix and guidance and rationale for task selection.
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ket applications. Tailor
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forced by requiring that specific

identified, that certain essential information relative to lmplemenuat
the task be provided by the procuring activity.

(
. ~uctured to discourage indiscriminate b
tasks b

Many of the tasks solicit facts and recommendati
on the need for, and scope of, the work to be done ra
specific task be done in a specific way. The sele
meet specific and peculiar program needs.

Although not all encompassing, the guidance and rationale provid
Appendix A is intended to serve as an aid in selectinz and scoping th
and requirements.

This revision contains the following fundamental changes from

MIL-STD-785A:

a. Increased emphasis has been pla
tasks and tests i
design deficien rts,
reliability accounting has been retained, and expanded to serve the needs of
acquisition, operation, and support management, but cost and schedule

investment in reliability demonstration (qualification and acceptance) tests

must be made clearly visible and carefully contrclled.
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b. A sharp distinction has been established between basic
reliability and mission reliability. Measures of basic reliability such ‘as
Mean-Time-Between-Failures (MTBF) now include all item life units (nct just
mission time) and all failures within the item (not just mission-critical
failures of the item itself). Basic reliability requirements apply to all
items.

¢. Mission reliability (MIL-STD-785A "Reliability") is now one of
four system reliability parameters. The other three are directly related %o
operational readiness, demand for maintenance, and demanc for loZisti> suctoort.
Separate requirements will be establlshed for each reliability parameter that

lity reguirements far
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RELIABILITY PROGRAM FOR SYSTEMS AND EQUIPMENT
DEVELOPMENT AND PRODUCTION
1. SCOPE
1.1 Purpose, This standard provides general reguirements and specific tasks
for reliability programs during the development, production, and initial
deployment of systems and equipment.

1.2 Apnlicability

1.2.1 Application of standard., Tasks described in this standard are to be

selectively applied in DOD contract-definitized procurements, reguest for
proposals, statements of work, and Government in-house developments requiring
reliability programs for the develooment, production, and initial deplovment
of systems and equipment. The word "contractor" herein also includes
Government activities developine military svstems and equipment.

1.2.2 ITalloring of task descriptions, Task descriptions are intended to be

tailored as required by governing regulations and as appropriate to particular
systems or equipment program type, magnitude, and funding. When preparing his

S PTIF ar ey g | Aol g

propecsal, the contractor may include additional tasks or task modifications

with supporting rationale for each addition or modification.’

P T T AP

iuuelded for listing the specific details, additions, modifications, deletions,
or options to the requirements of the task that should be considered by the
procuring activity when tailorinz the task description to fit prozram needs.
"Details™ annotated by an "(R)" are essential and shall be provided the
contractor for proper implementation of the task.

1.2.3 Appligation guidance, Application guidance and rationale for selectine

tasks to fit the needs of a particular reliability oroaram is included in
appendix A; this appendix is not contractual.

1.3 Method of reference, Wwhen specifying the task descriptions of this

standard as requirements, both the standard and the specific task descriptior
number(s) are to be cited. Applicable "Details To Be Specified" shall be
included in the statement of work.

.2.2.1 The "Details To Be Specified™ paragraph under each task description is

2. REFERENCED DOCUMENTS

¢.1 Government documents, The followinz documents, of the issue in e

i f
date of invitation for bids or request for proposal, form a part of this
standard to the extent specified herein:

MILITARY

MIL-STD=-105 Sampling Procedures and Tablies for Inspection by Attri-utes
MIL-STD-721 Definitions of Terms For Relilability and Maintainabilitv
MIL-STD-781 Reliability Design Qualification and Production Acceptance

Tests: Exponential Distribution
MIL-STD-965 Parts Control Progran

1
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PUBLICATIONS

MILITARY HANDBOOK

MIL-HDBK~217 Reliability Prediction of Electronic Eaquipment

(Copies of specifications, standards, drawings, and publications reauired by
contractors in connection with specific procurement functions should be
obtained from the procuring activity or as directed by the contracting
officer.)

3. TERMS, DEFINITIONS, AND ACRONYMS
3.1 Ierms. The terms used herein are defined in MIL-STD-721.
3.2 Definitions, Definitions apolicable to this standard are as follows:

a. Jajloring: The process by which the individual requirements
(sections, paragraphs, or sentences) of the selected specifications and
standards are evaluated to determine the extent to which each requirement is
most suitable for a specific materiel acquisition and the modification of these
requirements. where necessary, to assure that each tailored document invoked
states only the minimum needs of the Governament. Tailorineg is not a license to
specify a zerc reliability progras, and must conform toc provisions of existing

regulations governing reliability oroerams.

b. Acquisitiop phases:

(1) Concsotual (CONCEPT) phzas: The identification and exploration
of alternative solutions or solution concepts to satisfy a validated need.

(2) Rezopatration and validation (VALID) phase: The period when
selected candidate solutions are refined through extensive study and analyses;
hardware development. if apnropriata: test:; and evaluations.

e gel Lt 5 210 2a 8 LEE=L =us

(3) Eull-scale engineering develooment (FSED) phase: The period
when the system and the principal items necessary for its support are desizned,
fabricated, tested and evaluated.

(4) Production (PROD) phase: The period from production approval
until the last system is delivered and accepted.

¢. Reliability accounting: That set of mathematical tasks which
establish and allocate quantitative reliability requirements, and predict and
measure quantitative reliablity achievements.

d. BReliability engineering;: That set of design, development, and
manufacturing tasks bv which reliability is achieved.

e. Basic reliability: The duration or orobability of failure-free
performance under stated conditions. Basic reliability terms, such as
Mean~Time-Between Failures (MTBF) or Mean-Cycles-Between-Failures (MCBF), sha..
include all item life units (not just missiom time) and all failures within the
items (not just mission-critical failures at the item level of assembly).

Basic reliability requirements shall be capable of describing item demand for

2
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e manpover (e.z., Mean-Time-Between-Maintenance Actions(MTBMA)). The

other system reliability parameters shall employ clearly defined subsets of all
item life units and all failures.

. Mis=ion reliability: The ability of an item to perform its required
functions for the duration of a spvecified mission profile

Y2

2. Life upits: A measure of use duration applic cable to t
operating hours, cycles, distance, rounds fired, attempts to operate)

r
e

L]

[

h. Enviropmental stress screening (ESS), A series of tests conduct
under envirormental stresses to disclose weak parts and worimans ship defl

correction.

i. Reliability development/growth test (BDGTY: A series of tests

conducted to disclose deficiencies and to verify that corrective actions will

rv. (Also known as "TAAF"

T S T TN 4 aem )

prevent recurrence in the overaticnal i
teating.)

P 329

Wmmmm A test conducted under specified

...... 3 aprasantative of

conu1clons. by, or on behalf of, the sovernment, using items reprasentall

the approved production egnfleurggign, to determine compliance with specified

reliability requirements as a basis for production aporoval. (Also kncwn as a
n

"Reliablity Demonstration”, or "Design Approval", test. )

k. Production reliabilitv acceptance test (PRAT): A test conducted uncder
specified conditions, by, or on behalf of, the zovernment, using delivered or
deliverable production items, to determine the producer's comoliance with

specified reliability requirements.

3.3 Acronvms. Acronyms used in this document are defined as follows:

CDR -~ Critical Design Review

CDRL - Contract Data Requirements List

CFE - Contractor Furnished Equipment

DID « Data Item Description(s)

ESS - Environmental Stess Screening

FMECA - Failure Modes, Effects, and Criticality Analysis(es)

FRACAS - Failure Reporting, Analysis(es), and Corrective Action
Systeas

FRB -« Failure Review Board

FSED - Full Scale Enmineerinz Development

GFE « Government Furnished Equipment

GIDEP « Government/Industry Data Exchance Program

GPR - Government Plant Reoresentative(s)

LSAP - Logistic Support Analysis Prograd

LSAR - Lomistic Support Analysis Records

MCBF - Mean-Cycles<Between-Failures

MCSP - Mission Completion Success Probability

MTBC - Mission-Time-Between-Critical Failures

MTBDE = Mean-Time=Between=Downing Events

MTBF - Mean-Time-Between-Failures

MTBMA - Mean-Time-Between-Maintenance Actions

MTBR - Mean-Time-Between-Removals

PA - Procuring Activity (including Program/Project Offices)

3
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PCB ~ Parts Control Board
PDR ~ Preliminary Design Review
PPSL ~ Program Parts Selection List
PRAT ~ Production Reliability Acceptance Test
PRST -~ Probability Ratio Sequential Test
RDGT - Reliability Development/Growth Test
RFP - Regquest For Proposal
RQT ~ Reliability Qualification Test
SCA ~ Sneak Circuit Analysis(es)
SOw -~ Statement Of Work
TAAF -~ Test, Analyze, and Fix

4. GENERAL REQUIREMENTS

E

The contractor shall establish and maintain an
bility program to support econamical achievement of overall
ves. To be considered efficient, a reliability program shall
clearly ( ) improve operational readiness and mission success of the major
end-item; (2) reduce item demand for maintenance manpower and logistic support;
(3) provide essential management information; and (4) hold down its own impact
on overall prograam cost and schedule.

4.2 Program reguirements., Each reliability program shall inciude an
appropriate mix of reliability engineering and accounting tasks depending on
the life cycle phase. These tasks shall be selected and tailored according to
the type of item (system, subsystem or equipment) and for each applicable phase
of the acquisition (CONCEPT, VALID, FSED, and PROD). They shall be planned,
integrated and accomplished in conjunction with other design, development and
manufacturing functiona. The overall acquisition program shall include the
resources, schedule, management structure, and controls necessary to ensure

that specified reliability program tasks are satisfactorily accomplisned.

4.2.1 Reliabilitv engineering, Tasks shall focus on the prevention,
detection, and correction of reliability design deficiencies, weak parts, and
workmanship defects. Reliability engineering shall be an integral part of the
item design proceas, including design changss. The msans by which reliabllity
engineering contributes to the design, and the level of authority and
constraints on this engineering disoiplino. shall be identified in the
reliability program plan. An efficient nliabili:y program shall stress early
investment in reliability engineering tasks to avoid subsequent costs and

scheduls delays.

4,2.2 Reliahlity accounting, Tasks shall focus on the provision of
information essential to acquisition operation, and support management,
including properly defined inputs for sstimates of operational effectiveneas
and ownership cost. An efficient reliadbility program shall provide this
information while ensuring that coat and schedule investment in efforts to
obtain management data (such as demonatrations, qualificatiocn tests, and

acceptance tests) is clearly visible and carefully controlled.

4.3 Heliabilitv program igterfaces, The contractor shall utilize reliability
data and {nformation resulting froa applicable tasks in the reliability program
to satisfy LSAP requirements. All reliability data and information used and
provided shall be based upon, and traceable to, the outputs of the reliabllity
program for all logistic support and engineering activities involved in all




MIL-STD-785R
15 September 1980

U4 Quantitative reouirements, The system/subsystem/equipment reliability
requirements shall be specified contractually. Quantitative reliability

requirements for the system, all major subsystems, and equioments shall be
ineluded in appropriate sections of the avatem and end item .n.nifinnfihn-

The sub-tier vulues not established by the procuring activity shall be
established by the system or equipment contractor at a contractually specified
control point prior to detail desizn.

4.4.1 Categories of guantitative requirements. There are three different
categories of quantitative reliability requirements: (1) operational
requirements for aoplicable system reliability oarameters; (2) Dbasic

n and gual
confidence/decision risk criteria for specific re

and (3) statistical
ilitv tests. These

.
reliability requirements for iiem desis

|g- .o

ity

isic ite relia

categories must be carefully delineated, and related to each other bv clearlv
defined audit trails, to establish clear lines of responsibility and

a2 Y

accountabilitv.

U, 4.2 gSyatem reliabilitv parameters, System reliabilitv parameters shall be

defined in units of measurement directly related to operational readiness,
mission success, demand for maintenance manoower, and demand for logistic
support, as apclicable to the type of systam. Operaticnal reguirsments Sor
each of these parameters snall include the combined effects of item desien,
quality, operation, maintenance and repair in the operational environment.
Examples of system reliability oarameters include: readiness,
Mean-Time-Between-Downing Events (MTBDE); mission success,
Mission-Time-Between-Critical Failures (MTRCF); maintenance demand,
Mean-Time-Between-Maintenance Actions (MTBMA); and lomistics demand,
Mean-Time-Between-Removals (MTER).

demcnstrations, Reliability Qualification Tests (RQT), and Productlon
Reliability Acceptance Tests (PRAT) shall be carefully tailored to avoid
driving cost or schedule without imorovinz reliabilitvy. Such criteria incluce

Amms md - -d ol L, } & PR iy L S, ” | I -, - .
specified confidence levels or decisicn risks, "Ucoer Test MTBF, " "Lower Teés

MTEBF," etc., as embodied in =tatistical test plans. They shall be clearlv
separated from specified values and minimum acceptable values to prevert :Les<
2riteria from driving item design. They shall be selected and tailored

4.4.3 Statistical orirteria Statistical coritaria for rasl
e - i, . -7 - - - -

according to the demree that confidence intervals are reduced by each
additional increment of total teat time

4.4.3.1 Electronic eguioment, For electronic equioment, the "Lower Test MTRE®
Shall be set equal to the minimum acceptabie MTBF for the item. Conformance to
the minimum acceptable MTBF requirements shall be demonstrated by tests
selected from MIL-STD-781, or alternative specified by the Ps.

§.4.3.2 Munitions and mechanical eguipment, For munitions and mechancial
eguipment, a given lower confidence limit shall be set esgual te the minium
acceotable reliabilityv for the item. An adequate number of samnles shall has

selected per MIL-STD-175, or by other valid means aoproved by the PA, and
tested for conformance to reliability. reouirements as specifiec by the PA.

reilANDl 1L 1LYV DruxKlidalld WUsSe W G dhww Ve VW e W w [ER S S k] - ———
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S. TASK DESCRIPTIONS

5.1 The task descriptions followinz are divided into three ceneral sections:
Section 100, Program Surveillance and Control; Section 200, Design and
Evaluation; and Section 300, Development and Production Testing
Custodians Preoaring Activity:

Army - CR Air Force - 11

Navy - AS

Alir Force « 11

Review Activities:
Army - AR, AV, AT, ME, MI, SC, TE

Navy - EC, 0S, SA, SH, YD, TD, MC, CGC
Air Forece = 10, 13, 17, 18, 19, 26, 95

n
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TASK 101

RELIABILITY PROGRAM PLAN

101.1 PURPQSE., The purpose of task 101 is to develop a reliability program
plan which identifies, and ties together, all program management tasks required
to accomplish program requirements.

A NEOMANTRMY AL

amnae o
tUl.<C

101.2.1 A reliablity program plan shall be prepared and shall include, but not
be limited to, the following:

a. A description of how the reliability program will be conducted to aeel
the requirements of the SOW.

b. A detailed description of how each specified reliability accounting
and engineering deaign taak(sa) will be performed or complied with.

¢c. The procedures (wherever existing procedures are applicable) to
evaluate the status and control of each taak, and identification of the
organizational unit with the authority and reaponaibility for executing each
task.

d. Description of interrelationships of reliability tasks and activities
and description of how reliability tasks will interface with other system
oriented tasks. The description shall specifically include the procedures
be employed which assure that applicable reliablity data derived from, and
traceable to, the reliability tasks specified are integrated into the LSAP and
mwiata 1 QAR

”
Pe A@A VS wasrvate

t
[9]

e. A schedule with estimated start and coampletion points for each
reliability program activity or task.

f. The identification of known reliability problems to be solved, an
assessment of the impact of these problems on meeting specified requirenments,
and the proposed solutions or the proposed plan to solve these problems.

g. The procedures or methods (if procedures do not exist) for recording
the status of actions to resolve problems.

h. The designation of reliability milestones (includes design and testf.

1. The method by which the reliability requirements are disseminated tc
designers and associated personnel.

J. Ildentification of key peraonnel for managing the reliability program.

k. Description of the management structure, including interrelationship
between line, service, staff, and policy organizations.

1. Statement of what source of reliability design guidelines or
reliability design review checklist will be utilized.

TASK 101

15 September 1980
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m. Description of how reliability contributes to the total design, and
the level of authority and constraints on this engineering discipline.

n. Identification of inputs that the contractor needs from operation and
support experience with a predecessor item or items. Inputs should include
measured basic reliability and mission reliability values, measured
environmental stresses, typical failure modes, and critical failure modes.

101.2.2 The contractor may propose additional tasks or modifications with
supporting rationale for such additions or modifications.

101.2.3 When approved by the procuring activity and if incorporated into the
sontract, the reliability program plan shall become, together with the SOW, the
basis for contractual compliance.

101.3 DETAILS IO BE SPECIFIED BY THE PA (reference 1.2.2.1)

101.3.1 Details to be specified in the SOW shall include the following, ag
applicable:

(R) a. Identification of each reliability accounting and engineering design
tasks.

(R) b. ldentification of contractual status of the program plan.

c. Identification of additional tasks to be performed or additional
information to be provided.

d. Identification of any specific indoctrination or training
requirements.

e. Delivery identification of any data item required.

TASK 101
1S September 1980
101-2
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TASK 102

02.7 P2URPCSE, The purpose of task 102 is to provide t
A

1

PA with appropriate surveillance and management control of
bcontrdctors/suppliers reliability programs sc that timely managment action

can be taken as the need arises and program progress is ascertained. -

102.2 TASK DESCRIPTION

« &

102.2.1 The contractor shall insure that system elements cotained from
suppliers will meet reliability requirements. This effort shall appiy tc CTE
e

items obtained from any unnr-d*lnr- wvhether in the f'ir-qf or any sabseauent ’,;,P

or whether the item is obtained by an intra-company order frcm any element *'
the contractor's organization. All aubcontracts shall include provisions fer
review and evaluation of the suppliers’ relidbilicy ezfo te Dy the prime
contractor, 4and by the procuring activi ]

102.2.2 The contractor shall assure, and advise the PA, that his

subcontractors' and suppliers' reliability efforts are consistent with cverall
system requirements, 4and that provisions are made for surveillance of thelr
reliability activitiea., The contractor shall, as appropriate:

4. Incorporate quantitative reliability requirements in subcontracted
equipment specifications.

b. Assure that subcontractors have a reliability program that L=
compatible with the overall program amd includes provisions tc review aind
evaluate tneir supplier(s) reliabiiity efforts.

¢. Attend and participate in subcontractors' design reviews,

d. Review subcontractors' predictions and analyses for accuracy and
correctness of approach.

e. Furnish subcontractors with data frcm testing or usage of tnelir
product when testing and usage are outside their control.

nral
Oi'e

g tract test plans
proach and test details.

[ y
e vaTw

8. Review subcontractors' progress reports.

h. Assure that subcontractors have, and are pursuing, 4 vigorous
corrective action effort to eliminate causes of unrellability.

{. Reserve for himself and for the PA the right to send perscnnel intc
the subcontractors’ facllitiss ss necessary tc monitor ind evaluate the
subcontractors' reliability programs and related activities.

j. Assure that subcontractors/suppliers will provide him with the
necessary technical and adaministrative support for the items they supply during

TASK 102

‘€ September 1GED
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production and deployment of the hardware. This support may include fallure
analyses and corrective action for fallures occurring in the total use
environment, if specified under 102.2 herein.

k. Ensure that selected items (critical items, et cetera) obtained from
suppliers are covered by specifications, druwings, and other tachnical
documents and that the requirements called out adequately control those
parameters and characteristics that may affect reliability of the end item.

1. Unless otherwise specified by the PA, conduct or control his
subcontractors/suppliers reliability demonstration (qualification and
acceptance) tests on behalf of the government to provide a defensible basis for
determining the supplier's contractual coapliance with quantitative reliadility
requirements.

102.3 DETAILS TQ BE SPECIFIED BY THE PA (refarence 1.2.2.1)

102.3.1 Details to be specified in the SOW shall include the following, as
applicable:

a. Notification requirements for attendance at "Special meetings”™, program
reviews, PDR's, CDR's et cetera.

b. Responsible activity to conduct or control reliability demonstration
(qualification and acceptance) tests on behalf of the government.

TASK 102
15 September 1980
1022
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TASK 103
PROGRAM REVIEWS
103.1 PURPOSE, The purpose of task 103 is to establish a requirement for the

prime (or associate) contractor to conduct reliability program reviews at
specified points in time to assure that the reliability program is proceeding

in accordance with the contractual silestones and that the weapon system,
subsystem, equipment, or component quantitative reliability requirements will
be achieved.

03'2 TAQY NARCADRTDTTNNM

-

103.2.1 The reliability program shall be planned and scheduled toc permit the
contractor and the PA to review program status. Formal review and assesament
of contract reliability requirements shall be conducted at major program
points, identified as system program reviews, as specified by the contract. As
the program develops, reliability progress shall also be assessed by the use of
additional reliability program reviews as necessary. The contractor shall
schedule reviews as appropriate with his subcontractors and suppliers and
insure that the PA is informed in advance of each review.

1MN2.2.2 Tha re

iIV)edkol ine rev

i a d : iscuss all pertinent aspects of the
reliability program such as the ,

when applicable:

as & B o tad . Mo_d oo Bocda.. [DRABD).
a. .

(1) Updated reliability status including:

Reliability modeling

Reliability apporticnment

(c) Reliability predictions

(d) FMECA

(e) Reliability content of specification

(f) Design guideline criteria
(g) Other tasks as identified.

— o~

(
(
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(2) Other problems affecting reliability
(3) Parts program progress

(4) Reliability critical items program.

(1) Reliability content of specifications

(5) Other problems affecting reliability

TASK 102
15 September 1980
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(6) FPMECA

tg )

(7) Identification of circuit reference designators whose stress levels

exceed the recommended parts applicaticn criteria.
(8) Other tasks as identified.

e A Batldomdldoe Dmammam Dawvd acms -
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(1) Discussion of those items reviewed at PDRs and CDRs

(3) Test schedule: start dates and completion dates

{4) Parts, design, reliability, and schedule problams
(S) Status of assigned action items
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e}
o
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assessmant of reliability task effectiveness

(6) FRACAS implementation.
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(1) Results of applicable RQT's
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/arowth testing.

103.3 DETAILS IQ BE SPECIFIED BY THE PA (reference 1.2.2.1)

103.3.1 Datalls tc be specified in the SOW shall include the following, ais
applicable:

2., Advance notification to the PA of all schedulied revisws The specifis
number cf days advance notice should be contractual.

5. Recording of the results of the reviews.
TASK 103

15 September 198C
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Identification of PA and contractor follow-up methods on review of

103-3
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TASK 103
15 September {9380
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TASK 104

FAILURE REPORTING, ANALYSIS, AND CORRECTIVE ACTION SYSTEM (FRACAS)

104.1 PURPOSE. The purpose of taak 104 is to establish a closed logp failure
reporting system, procedures for analysis of failures to determine cause, and

documentation for recording corrective action taken.

104.2 TASK DESCRIPTION

104.2.1 The comtractor shall have a closed loop system that collects,

anaiyzes, and records failures that occur for specified levels of assembly
prior to acceptance of the harduware by the procuring activity. The

sas’e

contractor's existing data colleetion, analyais and corrective action system
shall be utilized, with modification only as necessary to meet the requirements

_____

SPGCJ.KLOG Dy the PA.

104.2.2 Procedures for initiating failure reports, the analysis of failures,
feedback of corrective action into the design, manufacturing and test processes
shall be identified. Flow diagram(s) depicting failed hardware and data flow
shall alsp be documented. The analyaia of failures shall establish and
categorize the cause of failure.

104.2.3 Tne closed loop system shall include provisions to assure that
effective corrective actions are taken on a timely basis by a follow-up audit
that reviews all open failure reports, failure analyses, and corrective action
suspense dates, and the reporting of delinquencies to management. The fajilure
cause for each failure shall be clearly stated.

104.2.4 When applicable., the mathod of estahlishineg and recording operating

=S === S

time, or cycles, on equipnents shall be clearly defined.

104,2.5 The contractor's closed loop failure reporting system data shall be
transoribed to Govermment forms only if specifically required by the procuring
activity.

1Nnh 3 NETATI @ A DT CHOEATIDPEOR BY M Ma f __A_ _ _ _ . _ a =& = a\
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104.3.1 Details to be specified in the SOW shall include the following, as
applicable:

a. Identification o
compatible with PA's data

<
m

(R) b. 1ldentification of level of assembly for failure reporting.
¢, Definitions for failure cause categories.
d. 1ldentification of logistic support requirements for LSAR.

e. Delivery identification of any data item required.

TASK 104
15 September 1930
1041
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TASK 105
FAILURE REVIEW BOARD (FRB)

105.1 PURPOSE, The purpose of task 105 is to require the establishment of a
failure review board to review failure trends, significant failures, corrective
actions status, and to assure that adequate corrective actions are taken in a

timely manner and recorded during the development and production phases of the
program.

105.2 IASK DESCRIPTION

105.2.1 The FRB ghall reviev functicnal/perfermance fallure data frem

appropriate inspections and testing including subcontractor qualification,
reliability, and acceptance test failures., All failure occurrence information
shall be ivailable to the FRB. Data including a description of test conditions

At time of fal_}_m‘ei symntoma of failure failura danlation nroosdures anAd

jLupeg e o1 Ty Adeeim PV ABY AW P Wwed W ey AL

known or suspected causes of failure shall be examined by the FRB. Open FRB
items shall be followed up until failure mechanisas have been satisfactorily
identified and corrective action initiated. The FRB shall alsoc maintain and
disseminate the status of corrective action implementation and effectiveness,
Minutes of FRB activity shall be recorded and kept on file for examination by
the procuring activity during the term of the contract. Contractor FREB members
shall include appropriate representatives from design, reliability, system
safety, maintainabllity, manufacturi ing, and parts and Qquallity assurance
activities. The procuring activity reserves the rignht to appoint 3
representative to the FRB as in observer. If the contractor can icentify and
utilize an already existing and operating function for this task, then he shall

describe in his proposal how that function will be smployed to meet the

procuring activity requirements. This task shall be coordinated with Quality
Assurance organizations to insure there is no duplication of effort.

ABRTATI © A B QODATOPIR NU Aess nma 7 - PR P IRY

105.3.1 Details to be specified in the SOW shall include the following,
48 applicable.

(R) a. The impoaition of task 104 as 2

1051
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TASK 201
RELIABILITY MODELING
201.7 PURLOSE The purpose of task 201 1s to develop a reliability model for
making numerical apportionments and estimates to evaluate system/subsystem/
equipment reliability.

- M smar o omam men @ omames o
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201.2.1 A reliability mathematical model based on system/subsystem/equipment
functions shall be developed and maintained. As the design evolves, a
reliability block diagram shall be deveioped and maintained for the
system/subsystem with assocciated allocations and predictions for all items in
each reliability block. The reliability block diagram shall be keyed and
traceable to the functional block diagram, schematics, and drawings, and shall

provide the basis for accurate mathematical representation of reliability.
Namenclature of items used in reliability block diagrams shall be consistent

with that used in functional block diagrama drawing:. and schematics, welght
statements, power budgets, and specifications. The model outputs shall be
expressed in terms of contractual reliability requirements and other
reliability terms as specified. When required for the PROD phase, the model
shall be updated to include hardware design changes.

201.2.2 The reliability mathematical model shall be updated wit formation
resulting from reliability and other relevant tssts as well is changes in item

configuration mission parameters and operational constraints, Inputs and
outputs of the reliability mathematical model shall be compatible with the

input and output requirements of the system and subsystem level analysis
madala

—w e mw ¢

201.2.3 Modeling techniques shall provide separate outputs for: (1) basic
reliability, and (2) mission reliability, of the system/subsystem/equipment. A

R T - d P R T maea A AL a1t R

SLliZ48 S8 ied bd.-l.l-\.u.dh&uﬂ of Da:zc X‘B.LLQDA.J..LLY, 4na vuvne mouei.}.ng tecnnJ.QJes
described in appendix A of MIL-HDBK-217 for mission reliablitv, shall be usad

unless otherwise specified. o S

201.3 DETAILS TO BE SPECIFIED BY THE PA (reference 1,2,2.1)

201.3.1 Details to be specified in the SOW shall include the following,as
applicable:

a. Imposition of tasks 202 and 203 as requisite tasks in the FSED phase,

b. Identification of alternative modeling techniques.

(R} . Identification of aission parametsrs and operational constraints.
de ic support coordinated reporting requirements for LSAR.
. . tification of additional reliablity terms.

f. Delivery identification of any data item required.

TASK 201
15 September 1980
2011
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TASK 202
RELIABILITY ALLOCATIONS

202.1 PURPCSE. The purpose of task 202 is to assure that once guantitative
system requirements have been determined, they are allocated or apportioned tc
lower levels.

202.2 TASK DESCRIPTION

202.2.1 Both basic reliability and mission reliability requirements shall be
allocated to the level specified and shall be used to establish baseline
requirements for deasigners. Requirements consaistent with the allocations shall
be imposed on the subcontractors and suppliers. The apportioned values shall
be included in appropriate sections of procurement specifications, critical
item specifications, and contract end item specifications. All allocatec
reliabllity values established by the contractor and included in contract enc
item specifications shall be consistent with the reliability model (see task

201) and any change thereto, and subject to procuring activity review,

~n

02.3 DETAILS TO RE SPECIFIED RY THE PA (reference 1.2.2.1)

202.3.1 Details to be specified in the SOW shall include the following, as
applicable:

a. Imposition of tasks 201 and 203 as requisite tasks in the FSED phase.

b. Identification of the level to which PA will require allocations *to bde

R
a

3~
[ S

c. Logilatic support coordinated reporting requirements for LSAR,

(R) d. Pertinent reliability information of any specified GFE. This
information shall include the environmental/cperational conditions under which
the reliability information was derived.

- n
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TASK 202
15 September 1380
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TASK 203
RELIABILITY PREDICTIONS

203.1 PURPOSE, The purpose of task 203 is to estimate the basic reliability
and mission reliability of the system/subsystem/equipment and to make a
determination of whether these reliability requirements can be achieved witn
the proposed design.

203.2 IASK DESCRIPTION

203.2.1 Reliability predictions shall be made for the system,
subsystem/equipmwent. When required, predictions shall account for, and
differentiate between, each mode of item operation as defined in the item
specification. Predictions shall be made showing: (1) basic reliability of
the item during the life profile specified by the PA, to provide a basis for
iife cycle cost and logistics support amalysis; and (2) mission reliablility of
the item during the mission profile(s) specified by the PA, to provide a basis
for analysis of item operational effectiveness. These predictions shall be
made using the associated reliability block diagram and failure rate data
approved by, or provided by, the procuring activity. Items shall not be
excludsd from the MCSP or other mission reliability predictions unless
substantiating documentation (such as FMECA) verify that the item fallure has
no influence on the required measure of mission reliability. Prior to such
exclusions from the predictions, an assessment and approval shall be obtained
from the procuring activity.

203.2.1.1 Failure rates other than those established at contract award amay be
used only upon approval of the procuring activity.

203.2.1.2 The permissible failure rate adjustment factors for standby
operation and storage shall be as specifically agreed to by the procuring
activity.

203.2.1.3 When the individual part operating conditions are defined, the
prediction procedure in section 2 of MIL-HDBK-217, or PA approved alternative,
shall be used.

203.2.1.4 Ir the part type and quantity is the only information aviallable, the
prediction procedure of section 3 of MIL-HDBK-217, or PA approved alternative,
shall be used.

203.2.2 Predictions for electronic equipment shall be made using one of the
two methods contained in MIL-HDBK-217, or alternatives approved or provided b5y
the PA. Predictions for mechanical, electrical, and electro-mechanical
equipment shall be made using either contractor data or alternatives, both of
which shall require PA approval.

TASK 203
15 September 1580
203-1



203.3.1 Dstails tc be specified in the SOW shall include the fallowing, as
applicable:

a. Imposition of tasks 201 and 202 as requisite tasks in the FSED phase.

b:

=

dantification of dormancy factors.

(R) e¢. Identirication of item life profile, to include one or more mission
profiles.,

d., Identification of requirement to update predictions using actual
experience and test data.

Scurcs fros which failure rate data will be obtained (i.e.,
.

MIL-HDBK-~ 217, or other sources

g. Identification of alternative methods to be used for predictions.

h., Logistic support coordinated reporting requirements for LSAR,

i. Identification of additional reliability terms for which predictions
are required.
(R) i, Pertinent reliability information of any specifiled GFE. This
1nfornation shall include the environmental/operational conditions under which
the reliability information was derived.

203-2
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TASK 204
FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS (FMECA)

204.1 PURPOSE. The purpose of task 204 is to identify potential design
weaknesses through systemutic, documented consideration of the following: all
likely ways in which a component or equipment can fail; causes for each mode;
a e effects of sach faillurs {which may be different for each mission

)

204.2 IASK DESCRIPTION

204,2,1 FMECA shall be performed to the laval specified (subsystem, equipment,
functional circuit, module, or piece part level). All failure modes shall be
postulated at that level and the effects on all higher levels shall be
determined. The FMECA shall consider failure mode, failure effect and
criticality (4impact on safety, readiness, mission success, and demand for
maintenance/logistics support), and the failure indication to the operator and
maintenance personnel by life/mission profile phase. This analysis shall be
acheduled and completed concurrently with the design effort so that the design

will reflect aun;yass conclusions and recommsndations. The results and current
status of FMECA shall be used as inputs to design trade-offs, safety
engineering, maintenance engineering, maintainability, logistic support
analysis, test equipment design and test planning activities, et cetera.

204,2,2 A sample FMECA worksheet format shall be submitted to the PA for
approval and detail: such a3 who (by discipline) shall perform the analysis,
whe shall review it for adequacy and accuracy, when and nou it shall be
updated, and what specific uses shall be made of the results (e.g., iden
potential system weaknesses, as 3 tool for evaluating the effectiveness
built-in test, updating reliability assessments, updating critical item control
procedures, development of safety, maintainability, and human engineering
design and operational criteria, et cetera) shall be identified.

[+] ﬂ?

.‘B P Q.
ifying
f

204,.3 DETAILS TQ BE SPECIFIED BY THE PA (reference 1.2.2.1)

Detaila to be specified in the SOW shall include the following, as

Yy
cr
m

(R) a. Identification of the level to which the FMECA shall be conducted.

(R) b. Procedure identification in accordance with MIL-STD-1629, or an
AalTPamnativae annmAavad kn rha DA
D WKL QA WLYT GPFL S A A~ , wiia Lk

e. Submittal of sample FMECA worksheets per 204.2.2.

f. Delivery identification of any data items required.
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TASK 205

SNEAK CIRCUI
205.1 PURPQOSE, The purpose of task 205 is to identify latent paths which
cause occurrence of unwanted functions or inhibit desired functions, assuming
all components are functioning properiy.

205.2 ZIASK DESCRIPTION

205.2.1 Sneak circuit anaiyses of critical circuitry shall be conducted to
identify latent paths which causs unwantsd functions tc cccur or which inhibit
desired functions. In making these analyses, all components shall be assumed
to be functioning properly. These analyses shall be made using production

manufacturing documentation for each circuit analyzed.

205,2.2 A list of those functions/circults to be analyzed, and the priorities
given each subassembly in the analysis, shall be presented for PA approval at
CDR, together with the supporting rationale for the selections made. Results of

the analyses and actions taken as a result of analyses findings shall be made
augd?ahl- to the omrocurine activity unon request.
pro ing activity upon request.

205.3.1 Details to be spscified in the SOW shall include the following,
as applicable:

{R) a., Specification of criteria for selection of circuits/functions to be
analyzed.

b. Delivery identification of any data items required.
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TASK 206

206.1 PURPOSE. The purpose of task 206 is to examine the effects of
parts/circuits electrical tolerances and parasitic parameters over the range of

___-l fd o~ —am amen & 4w +oamnmamatiimas

specified operating temperatures,

206.2 IASK DESCRIPTION

206.2.1 Parts/circuits tolerance analyses shall be conducted on critical
eircuitry as dafined in the contract. These analyses shall verify that, given
reasonable combinations of withine-specification characteristics and parts
tolerance buildup, the circuitry being analyzed will perform within
specification performance. 1In making these analyses the contractor shall
examine the effect of component parasitic parameters, input signal and power
tolerances, and impedance tolerances on electrical parameters, both at circult
nodes (component interconnections) and at input and output points. Since all
of the stated factors may not be significant to all circuits, only the criticsl
factors for that circuit shall be considered.

206.2.2 Component characteristics, (life-drift and temperature) shall be
factored intoc the analyses. These charactsristics or valuss shall include
resistance, capacitance, transistor, gain, relay opening or closing time, et

cetera,

206.2.3 The inductance of wire-wound resistors, parasitic capacltance, and any
other similar phenomena shall be talken into account; where appropriate.

Maximum variations in input signal or power supply voltage, frequency,
bandwidth, impedance, phase, et cetera shall be used in the analyses. The
impedance characteristics of the load shail be considered as well. Circuit
node parameters (including voltage, current, phase, and waveform), clrcuit
element rise time, timing of sequential events, circult power dissipation, and
circuit-load impedance matching under worst case conditions shall alsc be
considered. These parameters shall be analyzed for their effect on the

P X o) mm AP AdmnAandd Aasmeananta
pux icraante oI Carcuatv \-\.nwuvuvso

206.2.4 A list of those functions/circuits to be analyzed shall be presented
at PDR. The most unfavorable combination of realizable conditions to be

PR R S

nsidered in the parts/circuits tolerance analyses snall be defined for
proval by the procuring activity. Results of the analyses and actions taken

[$1e)
ap
as a result of analyses findings snall be made available to the procuring
activity upon request.

206.3 DETATIS TO RF SPECTIFTEDN RY THE PA (refarance {.2.2.1)

206.3.1 Details to be specified in the SOW shall include the following, as
applicable:

(R) a. Identification of range of equipment operating temperatures.

(R) b. Specification of criteria for selection of parts/circuits toc be
analyzed.

206-1
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c. Delivery identification of any data items required.
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TASK 207
PARTS PROGRAM

207.1 PURPQSE., The purpose of task 207 is to control the selection and use
of standard arnd nonstandard parts.

207’2 ™A QY MNEOCr,rDTDIPTYAL

207.2.1 A parts control program shall be established in accordance with
MIL-STD-965 procedures, as designated in the contract.

207.2.2 Reliability design guidelines shall be developed and documented to
include derating criteria, Junctian temperatures, and parts application
criteria. Safety margins for nonelectronic parts will also be included when
appropriate. The guidelines shall be comsistent with guldance provided by the

T

(R) a. Identification of MIL-STD~965 procedures (procedure I or II).
b. Identification of PA part approval procedures.
c. Identification of review procedures with design activity.
d. Identification of detailed design guidelines, including:

(1) Order of preference of part quality/reliability/screening

levels.
(2) Documentation of a prohibited parts/materials list.
e. Contractor/supplier participation in the GIDEF program per
MIL-STD-1556.

207-1
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208.1 PURPOSE. The purpose

of k 208 is to identify and control those items
which require "special attention
. . n
e

s
because of canplaxity. application of

advanced state-of-the-art techniques, and the impact of potential failure on
safaty, readiness, mission success, and demand for maintenance/logistics
support.

208.2 ZASK DESCRIPTION

208.2.1 Reliability critical items shall be identified by FMECA or other
methods and shall be controlled. Methods and procedures for control and

testing of the reliability critical items shall be identified along with
justification(s) for decontrolling the item if that is intended. When
specified, the procedures shall include engineering support of critical items
during FSED government field testing, which shall include provisions for
confirming failures wnich may occur, expediting failure cause determinaticn,

and determining and incorporating, or verifying, the necessary corrective

action.
20- 3 i s & e S me e mamememase  mar mesem = 7 - s A = an
208.3.1 Details to be specified in the SOW shall include the following, as
applicable:
a. Specific identificatiocn of reliability critical item criteria such as:

(1) A failure of the item would critically affect system safety,
cause the system to become unavailable or unable to achieve mission objectives,

mends mem o d aom e md e mmn d o dsmann -

or cause extensive/expensive maintenance and repalr. (NOTE: Highsvalue items
are reliabilitye-eritical for design-to-life-cycle cost.)

(2) A failure of the item would prevent obtaining data to evaluate
system safety, availability, mission success, or need for maintenance/repair.

(3) The item has stringent performance requirement(s) in its
intended application relative to state-of-the-art techniques for the item.

(4) The sole failure of the Ltem causes system fallure.

(5) The item is stressed in excess of specified derating criteria.

() The item has 2 mown cperating life, shelf life, or

environmental exposure such as vibration, themmal, propellant; or a limitation
which warrants controlled surveillance under specified conditions.

r77\ P oo
At/ AT Avew

14 i nd
storage, or test precautions.

(8) The item is difficult to procure or manufacture relative to

5 September 1980
208-1
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(10) The item does not have sufficient history of its own, or
similarity ot other items having demonstrated high reliability, to provide

confidence in its reliabiliity.
(11) The item's past history, nature, function, or processing has a
deficiency warranting total traceability.

(
\
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Th used in large gquantiti ypically, at least 1C
)'

s itie typically, at least 1
percent of the configured items' electronic parts count
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Identification of requirements for engineering support during FSED
PO Ry
“d

¢. Logistic support coordinated reporting requirements for LSAR.
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ORAGE, HANDLING, PACKAGING,

EFFECTS OF FUNCTIONAL TESTING, STO
AND MAINTENANCE

TRANSPORTATION,

209.1 PURPOSE, The purpose of task 209 is to determine the effects of

storage, handling, packaging, transportation, maintenance, and repeated
exposure to functional testing on hardware reliability.

209.2 IASK RESCRIPTION

209.2.1 Procedures shall be established, maintained,
determine by test and analysis, or estimation, the effec
handling, packaging, transportation, maintenance, and re

of this effort shall include items such as:

Amendd4 F

A ‘uvu"“ic cn of s=guipments and their maior ar critical
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characteristics which deteriorate with storage age or environmental conditlions
(including shock and vibration, et cetera).

b. Identification of procedures for pericdic fleld inspection or tests
(including recall for test) or stockpile reliability evaluation. 'I'he

proooa‘ es shall include suggested gquantity of iteas for test and acceptable
levels of performance for paraseters under test.

c. Identification of special procedures for maintenance or restoration.

The results of this effort shall be used to support long term failure rate
predictions, design trade-offs, definition of allowable test exposures, retest
after storage decisions, packaging, handling, or storage requirements, and
rcrurbisnncnt. plans.

209.3 REPATI © % S5 SOTARTETSN BDY U™ Sa FS R N T T B

RETALLS 1O BE SEELALIED DX IHE FA _LLelelence liduedcll

209.3.1 Details to be specified in the SOW shall include the following, as
applicable:

(R) a, Identification of functional testing, storage, handling, packaging,
transportation, and maintenance profiles.

b, Logistic support coordinated reporting requirements for LSAR.

—

ASK 209
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TASK 301
ENVIRONMENTAL STRESS SCREENING (ESS)

301.1 PURPQSE. The purpose of task 301 is to establish and implement
environmental stress screening procedures so that early failure(s) due to weak

parts, workmanship defects, and other non-conformance anomolies can be
identified and removed from the equipment.

euCiavasaTe — Y = e CQLiy=tilit.

301.2 JASK DESCRIFTION

2301.2.1 Environmental streas screening (alsc lnown as preconditioning,

burn-in, et cetera) shall be conducted on parts, subassemblies, and complete
units for both developmental and production items,

301.2.1.1 During development, ESS test procedures, taking into consideration
the equipaent dosisn, parf./conponent technology, and production fabrication
techniques, shall be formulated. ESS procedures shall be designed for the end

itsm and for all lower level items which will be procured separately as spare

or repair parts. A plan for implementing these procedures shall also be
prepared, indicating the proposed application of ESS during development and
production. The proposed ESS procedures and implementation plan shall be
aubh iant to annunu:1 hvy ¢tha PiA

e B v WY Gyl WY W) weiT Jne

301.2.2 ESS testing shall be designed to stimulate relevant fallures by
stressing the item. The stressing need not simulate the precise operational
environment the item will see, Environmental stress types may be applied in

sequence. During ESS, the item shall be cycled through its operational modes
while simultanecusly being subjected to the required environmental stresses.

301.2.3 Upon approval of the proposed ESS procedures and implementation plan,
s

a detailed environmental séres screening test plan shall be prepared and
included as part of the reliability test plan. The ESS detailed test plan
shall include the following, subject to PA approval prior to initiation of

environmental stress types, levels, profiles, ind
14

b. Identirication of level (board, subassembly, assembly) at which
testing will be accomplished.

c. Ildentification of item perforamnce and stress parameters to be
monitored during ESS.

sults of ESS testing during development shall be analyzed and
e basis for the ESS procedures to be specified for production.

301.3.1 Detalls to be specified in the SOW shall include the following, as
applicable

15 September 1980
301-1
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a. Identification of the requiremsnt to develop ESS pr
implementation plan, and detailed test plan.

b. Specification of detailed ESS requirements.

c. Delivery identification of any data items required.
TASK 301
15 September 1980
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TASK 302

RELIABILITY DEVELOPMENT/GROWTH TEST (RDGT) PROGRAM

Purpgae. The purpose of task 302 is to conduct pre-qualification

1s0 known a3 TAAF) to provide a basis for resolving the majority of
ty problems early in the development phase, and incorporatirng
correccive action to preclude recurrence, prior to the start of production.

- MmamE AROARTRMY ML

02.2

W

302.2.1 A reliability development/growth test (TAAF test) shall be conducted
for the purpose of enhancing systen reliability throush the identification,

analysis, and correction of f
artinon effectiveneas. Mere r

GLvavii SLiCSLvatohCwws Lot 2 ]

corrective iction.

ne VBK'].K].Cd%&Dh OL uAc cor'ree .¢vc
test item does not constitute

302.2.1.1 To enhance mission reliability, corrective action shall be focused

4
on mission-critical failure modes. To enhance basic reliability, correctlive

action shall be focused on the most frequent fallure modes regardless of thelr
mission criticality. These efforts shall be balanced to meet predicted growth
for both parameters.

302.2.1.2 Growth testing will emphaaize performance monitoring, fallure

detection, failure analysis, and the incorporation and verification of design
corrections to prevent recurrence of failures,

J’
ol
3
L]
3

.2.2 A TAAF tesat plan shall be prepared and shall incl.

N2
A e i wa 1all
subject to PA approval prior to initiation of testing:

a, Test objectives and requirements, including the selected growth model

rowth rate and the rationale for both selection

nad o a
a B4 WL i B aliu widG A B LAVIISLS sNss M wihi avou V‘-‘lﬂ

'Y

b. Identification of the equipment to be tested and the number of test
items of each equipment.

¢. Teat conditions, environmental, operational and performarnce profiles,
and the duty cycle,

d. Test schedules expressed in
the teat milestones and ¢t

e. Test ground rules, chargeadbility criteria and interface bourdaries.

g. Procedures and timing for corrective actions.

time and resources designated for the incorporation of
1. Data collection and recording requirements

TASK 302
15 September 1980
302-1
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3. FRACAS
k. Governmsnt furnishsd property reguiresents
1. Description of preventive maintenance to be
@m. Final disposition of test items
n. Any other relevant considerations.
302.2.3 As specified by the procuring activity, the
submittad to the nmey;n_z activity for its review a
approved, shall be incorporated into the contract an

for contractual

w

302.3.1
applicable:

(R) a.

(R) b.

e d e e & i e

egquipment uSage

C.

compliance.

- enard -

-LII service.

development/growth testing.

302-2

accomplshed during test

4
[

02.3 DETAILS TQ BE SPECIFTFD RY THE PA (rafarence 1.2.2.1)
. PUIOVE . GSFSEESS TR ISEE S IO 7 VN Ve oo e T U 8 T S B S -

Imposition of task 104 as a requisite task.

Details to be specified in the SOW shall include the following, as

Identification of a life/mission/environmental profile to represent

Identification of equipment and quantity to be used for reliability

a3
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MY PARTY PRV AL PERPALPTALI MECT /Bryr) DDAMADAM
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303.1 PURPOSE., The purpose of task 303 is to determine that the specified
reliability requirements have been achieved.

2 TASY AR CRTYPTTON
T L e

303.2.1 Reliability qualification tests shall be conducted on equipments which
shall be identified by the PA and which shall be representative of the approved
pz‘cd'..'ctic.". cenf‘.g'.-."aticna The na‘l‘(ah{'lirv nna1'!f'1r-af1nn testing mav be

integrated with the overall system/equipment qualification testing,w hen

practicable, for cost-effectiveness; the RQT plan shall so indicate in this
case, The PA shall retain the right to disapprove the test failure relevancy

and chargeahilitv determinations for the reliahility demansatratiaona.

o o s o v VUl el vawie aiw s vammweoe=sy =22 si 2t

303.2.2 A RQT plan shall be prepared in accordance with the requirements of
MIL-STD-781, or alternative approved by the PA, and shall include the
following, subject to PA approval prior to initiation of testing:

a. Test objectives and selection rationale.

5. Identification of the eguipmsnt toc be tested (with identification of
the computer programs to be used for the test, if applicable) and the number of

test items of each equipment.

est duration and thne appropriate test plan and test environments.
The test plan and test environments (if life/mission profiles are not speclfilec
by the PA) shall be derived from MIL-STD-T81. If it is deemed that alternative
prccedures are more appropriate, prior PA approval shall be requested with

P Y S U SR N W [ S U S

sufficient selection ralionale to permit procuring dLLJ.VJ.ty evaiuatlion.

d. A test schedule that is reasonable and feasible, permits testing cof
equipment which are representative of the approved production configarstion,
and allows sufficient time, as specified in the contract, for PA review ana
approval of each test procedure and test setup.

303.2.3 Detailled test procedures shall be prepared for the tests that are
inciuded in the RQT plan.

303.2.4 As specified by the procuring activity, the RQT plan and test
procedures shall be submitted to the procuring activity for 1its review and
approval. These documents, as approved, shall be incorporated intoc the

contract and shall become the basis for contractual ccmpliance.

303.3 DRETAILS TO BE SPECIFIED BYX THE PA (reference 1.2.2.1)

a =

Details to be specified in the SOW shall include the following, as
-

(R) a. Identification of equipment to be used for reliability qualification

TASK 303
15 September °9¢0
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(R) b, Identification of MIL-STD-781, MIL-STD-105 or alternative procedures
to be used for conducting the RQT (i.e., test plan, test conditions, etc.).

c. Identification of a life/mission/environmental profile to represent
equipment usage in service.

d. Logistic support coordinated reporting requirements for LSAR.

e. Delivery identification of any data items required.

TASK 303
15 September 1980
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TASK 304

304.1 PURPQSE, The purpose of task 304 is to assure that the reliability of
-the hardware is not degraded as the resuit of changes in tooling, processes,

wark fleg' deqlgn' parts qna](? , or othar charantariatine identified hv the
PA.

304.2 TASK DESCRIPTION

304.2.1 Production reliability acceptance testing shall be conducted on
production equipments which shall be identified by the procuring activity.

304.2.2 A PRAT plan shall be prepared in accordance with the requirements of
MIL-STD-781, or alternative approved by the PA, and shall include the
following, subject to PA approval prior to initiation of testing:

Aamtr Ak domabdena an) ane
CIb VU JBSL KL VEDT aQild JT4LCW bhUi

b. Identification of the equipment to be tested and the aumber of test
samples of each equipment.

c. Teat duration, teat frequency, and the appropriate test plan and test

C- PR -1 2 FE=v s TR=ENS r. - ST SSSS pesmi =0 LS

environments. The test plan and test environments (if mission profiles are not
specified by the PA) shall be derived from MIL-STD-781. If it is deemed that

aiternative procedures are more appropriate, prior PA approval shail be
requested with sufficient selection rationale to permit procuring activity

evaluation.

d. A test schedule that 1is reasonable and feasible, and in consonance
witvh the oroduction Anliv.nv achadula,

304.2.3 Detailed test procedures shall be prepared for the tests that are

included in the PRAT plan or the equipment specification.

304.2.4 As specified by the procuring activity, the PRAT plan and procedures
- od Aaer -

ahall ha asuhmittad tn tha srocuring activity for its av - ~amanea )
LERGY LG TaS PrOCUring aCULAVAlY 1O 4vsS I"'SVASw and approvaas.

These documents, as approved by the procuring activity, shall be incorporated
into the contract and shall become the basis for contractual compliance.

AEPATI O A O COHCATETEN DV PUP NA [ o S oo « A A~ e

2
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304.3.1 Details to be specified in the SOW shall include the following, as
applicable:

(R) a Ident

. antificatian of scuinmant tn he namd far nraductinn raliandi{ldiey
entification of equipment to be used for production reliability
acceptance testing.
(R) b. Identification of MIL-STD=-781, MIL-STD-105 or alternative procedures
rtrn ha ua fAar nanduaatdin *ha DRAT (4 roat - romb Ammdd bd na abm )
tQ D2 U3eC IO Conguliing Wiae Phal 1i.8,.,, tsst yaau, VOIL CULIULLAULD, TWE,. )
TASK 304

15 September 138¢
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e. Identification of a mission/environmental profile to represent
equipment usage.
d. Logistic support coordinated reporting rsgquirsments for LSAR,

i
e ]
3
B
2

o -
e, Delivery identification of any data

TASK 304
15 September 1980
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APPLICATIO

N
RELIAB

It

10. GENERAL

10.1 Scope, This appendix provides rationale and guidance for the selection
of tasks to fit the needs of any reliability program, and identifles applicabple

- e Ao ol emomee mad Camise

data items for mexewencaCLon of reguireéd Tasks.

10.2 Purpcse. This appendix is to be used to tailor reliability requirements
in the most cost effective manner that meets established procram objectives.
HOWEVER, IT IS NOT TO BE REFERENCED, OR IMPLEMENTED, IN CONTRACTUAL DOCUMENTS.
10.3 User. The user of this appendix may include the Department of Defense
procuring activity, Government in-house activity, and prime contractor, or
subcontractor, who uwishes to impose reliability tasks upon his supoplier(s).

i1 or y Wil Waot j2peds2-d elisabl.lb LdJIR3

20. REFERENCED DOCUMENTS

MIL-E-5400 £lectronic Equioment, Airborne, General Specification For

MIL-Q-9858 Quality Program Requirements

MIL-P-11268 Parts, Materials, and Processes Used in Electronic
Equipment

MIL-STD=-781 Reliability Design Qualification and Production Acceptance
Tests, Exponential Distribution

MIL-STD=810 Environment Test Methods

MIL-STD=965 Parts Control Program

MIL-STD=-1521 Technical Reviews and Audits ForSvstems, Equipment, And
Computer Programs

MIL-STD-1556 Covernment/Industry Data Exchanze Program Contractor
Participation Requirements

MIL-HDBK-217 Reliability Prediction of Electronic Equioment

30. DEFINITIONS

40.1.1 A major problem which confronts all zovernment and industry
organizations responsible for a reliability program is the selection of tasks
which can materially aid in attaining program reliability requirements.

Today's schedule and funding constraints candate a cost-effective selection,
one that is based on identified program needs. The considerations presenc.ed
herein are intended to provide guidance and rationale for this selection. Thev
are also intended to jog the memory for "lessons learned" to orovoke guesticns

& W A ~
which sust be answered and to encourage dialogue with cther enzineers,

operations and support personnel so that answers to questions and solutions to
problems can be found.
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40.1.2 Once appropriate tasks have been selected, the tasks themselves can be
tailored as outlined in the "Details To Be Specified By The PA." It is also
important to coordinate task requirements with other encinering suoport groups,
such as Logistics Support, System Safety, et cetera, to eliminate dunlication
of tasks and to be aware of any additional information of value to reliability
which these other groups can provide. Finally, the timing and depth required
for each task, as well as action to be taken based on task outcome, are largely
dependent on individual experience and program reguirements. For these
reasons, hard and fast rules are not stated.

"OZWMHI e
guidance, in summary form, of "“when and what" to inc e in a RFP to estaplish
an acceptable and cost effective reliability program. This table can be used
to initially identify those tasks which typically are included in an effective
reliadility program for the particular acquisition ohase involved. The user of
the document can then refer to the particular task referenced bv the matrix and
deteramine from the detailed purpose at the beginning of the task if it is
appropriate to identify as a program task. The use of this matrix for
developing a reliability program i{s to be considered as optional guidance only

t to be construed as covering all orocursment situaticns. The

[}

e
f applicable regulations must also be followed.

line group from ail the tasks in th do

variables like system complexity, program phase, availability of funds.
schedule, et cetera are known. The reliability program plan (task 101} shoul
always be considered for selection and total program complexity is one
consideration for determining the need for this task. However, individual
tasks may be cited without requiring a reliability program plan.

CY e aiiny cL2L322
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TABLE A-I. ARolicasiol BALCLX
PROGRAM PHASE
TASK TITLE TASK
TYPE | CONCEPT | VALID [ FSEZ PROC
101 RELIABILITY PROGRAM PLAN nGT s 3 s :
102 | MONITOR/CONTRCL OF SUBCONTRACTORS MGT s s t S 3
AND SUPPLIERS l . i
]
103 PROGRAM REVIEWS MGT S Sty CGe2) 3028 |
‘ i
108 FATLURE REPORTING, ANALYSIS, AND - ENG NA S LG 3 i
CORRECTIVE ACTION SYSTEM (FRACAS) . | \
| ‘ ’
105 FAILURE REVIEW BOARD (FRB) MCT NA Sty s :
H |
201 RELIABILITY MODELING ENG S 5(2) i G2 "Gtz
202 RELIABILITY ALLOCATIONS ACC S G T3 j i
b
I
203 RELIABILITY PREDICTIONS ACC s $(2) l Glzy U gre
208 | FAILURE MODES, EFFECTS, AND ENG s s I G . oac
CRITICALITY AMALYSLIS (FMECA) (e, AR IV R D A
1 !
I :
205 | SNEAK CIRCUIT ANALYSIS (SCA) ENG NA NA TR | scet)
206 ELECTRONIC PARTS/CIRCUITS ENG NA NA e l GcC ‘
TOLERANCE ANALYSIS
|
207 | PARTS PROGRAM ENG 5 S(ay0 iz, 3z :
f
208 RELIABILITY CRITICAL ITEMS MGT s(n st | s i 3
209 | EFFECTS OF FUNCTIONAL TESTING, ENG NA 50y ) % 3
STORAGE, HANDLING, PACKAGING, !
TRANSPORTATION, AND MAINTENANCE
i
301 ENVIRONMENTAL STRESS SCREENING ENG A s ¢ {3
(ESS) ‘
302 RELIABILITY DEVELOPMENT/GROWTH ENG NA s(2) 50 Na
TESTING )
]
303 | RELIABILITY QUALIFICATION TEST acc NA S(2) '; i 3z
(RQT) PROGRAM :
B[+1] PIODUCTIDNVRELIABILI?Y ACCEPTANCE ACC NA NA S . s Ee
ACCEPTANCE TEST (PRAT) PROGRAM i
LODE _DEFINITIONS
2ASK_XPE: RRCGRAM PHASE
ACC - RELIABILITY ACCOUNTING S - SELECTIVELY APPLICABLE
E¥0 - RELIABILITY ENGINEERING G - GENERALLY APPLICABLE
MGT - MANAGEMENT GC - GENERALLY APPLICABLE TC DESICN
CHANGES ONLY

NA - NOT APPLICABLE

(1) - REQUIRES CONSIDERABLZ INTERPRETATI'N

PR Ye? "~ _e? - A ~ACQ o bl
OF INTENT TO BE COST ZFFECTIVE

{2) - MIL-STD-78% IS NOT THE P3IMARY
IMPLEMENTATION RECUIREMENT. CTHESR
MIL-3TDS OR STATEMENT JF «CFX
IEQUIREMENTS MUST 2E INCLJLED T2
OEFINE THE REQUIREMENTS.

A-3
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50. RATIONALE AND GUIDANCE FOR TASK SECTIONS
50.7 ZTaak section 100 - Program surveillance and contrgl

50.1.1 Structuring the program requirements

50-1-1 1 W The elements of a

4 amdrd [ N - ad e ™
reliability prograa sust bs selectad (o amsst rsliabllity nseds. These needs

are identified by higher authority through documentation such as the Decision
Coordinating Paper (DCP), the Program Management Directive (PMD), and Program
Management Plan (PMP). Identitying and quantifying these needs must be
accoaplished prior to relsase of an RFP for the appropriats sccoulsition phase
so that tasks and requirements commensurate with the needs may be included in
the RFP. The tasks and requirements which are included establish the framework

for the continuing reliability dialogue between the procuring activity and the

proposing contractors, oné or more, of whom will ultimatsly be selected to
davelon the hardware. It is essential to make appropriate analyses and

Sroprlaltc

exercise mature judgment in determining reliability needs

50.1.1.1.1 In making this determination, it is necessary to assemble program

data ccnn-rni.n_g mieaion and nerformance reouirsmentas (nr-pf-r-ahlv at the

e m e Emazw s & we memsse w SN =as SR SS =S -2 98 10

subsystem level), anticipated environments, and mission reliability and basic
reliability requirements. This information is initially gathered in the
CONCEPT phase and refined throughout deveiopment. It is the base upon wnich
the reliability needs are determined and adjusted as this information is
refined. The initial life/mission profile definition shall define, as a
minimum, the boundaries of the performance envelope and provide the timeline
{environmental conditions and applied/induced stresses versus time) tvpical of
operaticns within that snvelops. The guantitative rsguiresents (basic
reliability and mission reliability) shall be determined for the defined
life/mission profile.

50.1.1.1.2 Using these data and the information on sgquip@ent contemplated to
provide the required performance., a separate apportionment or allocation of
basic reliability (MTBMA or MTBF) and mission reliability (MCSP or MTBCF) can
be made to the equipment level. This apportionment is usually based on
available reliability data modified to refiect changes in periorzance
requirements (a. 2. . greater aoouraov) duty cycles, and anticipated

B reace! cglracy’,; guty gcryele3;

environments. If the hardware to be procured is a subsystem or equipment, the
allocations discussed herein would apply down to the lowest assembly level in
terms of MTBMA, MTBF, or failure rate. The required modifications are largelv

a mattar nf judoment nnrrinn’lnn]v uhen a2 nau ar nnn-id-nnh]v modi fied
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equipment concept must be syntbesized to provide a specified function.

50.1.1.1.3 A reliability estimate should be made of each equipment
independent of, and reasonably soon after, comoleting the initial
apportionment. The equipment estimates should be combined to provide an
initial estimate of basic reliability and mission reliability. During the
CONCEPT and VALID phases design details will probably not be available.
Therefore, estimates made during these phases and eariy in FSED will provige
"ball park" numbers, which are nevertheless adequate for initial comparisons
with, and for establishing the reasonableness of, the initial apportionment.
Reapportionment based on a comparison with details of the estimate may be

A_l
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advisable at this time. The apportionment and the estimate orocedures should
be repeated until reasonable apportioned values are obtainéd. The
apportionment should be frozen orior to the contractor's awarding subcontracts
which have firm reliability requirements.

50.1.1.2 Selecting tasks to fit the needs. Some reliability tasks should be
accoumplished for an entire weapons system, e.g., develop and use an effective
FRACAS, make periodic estimates of basic reliability and mission reliability.
In most cases, the need for them is self evident. These same tasks, and others
which must be selected, apply to subsystems and ecuipment. While exoverience
plays-a key role in task selection, it should be supplemented by analysis and
investigation.

50.1.1.2.1 A useful initial analytical procedure is to compare reliability
estimates at the subsystem and equipment level, with the corresoonding
apportionments. If the estimate is less than the apportionment, the need for
improvement is indicated. Where "considerable” improvement is required (and
"considerable® is a judement), the subsystem or equipment should be identified
as "reliability critical®™. This identification shall be as early as possible
in the program phase sc as to impact the eguipment throuzh the proper selection
of tasks.

50.1.1.2.2 Reasons for the disparity between the aoportioned and the
estimated valués of the reliability critical ttems should be investigated.
Discussions of these reasons and tentative ways to attain the aoportioned
values, {e.z., relaxed performance reguirements, either more or less design
redundancy, additional environmental protection), should be held with
appropriate project personnel. The object of the investigations and
discussions is viable recommendation(s) for action to overcome the
deficiencies. A significant benefit which can be cained from this process is a
consensus on, and a wide awareness of, the soecific equipment which is
considered reliability critical. When systems or equipment oerformance
requirements create a wide and irreconcilable disparitv between aooortioned anc
estimated values of required reliability, the procurinz authority shall
challenge the performance requirements. Elimination of less essential
equipment functions can reduce equipment complexity and significantlv enhance
reliability.

50.1.1.2.3 Once recommendations for task applications have been determined

and more detailed equipment requirements identified, tasks and requirements can
be prioritized and a "rough order of masnitude” estimate should be made of the
time and effort required to complete each task. This information will bde of
considerable value in selectinz the tasks which can dbe accomplished within
schedule and funding constraints.

50.1.1.3 Reliability program plan (task 101), The reliability program olan is
to be designed as a basic tool for the PA to assist in manacing an effective
reiiability program and to evaluate the contractor’s approach to, understanding
of, and execution of his reliability tasks, his depth of planning to ensure
that his procedures for implementing and controlling reliadbility tasks are
adequate, and his organizational structure to ensure that aporopriate attention
will be focused on reliability activities/problems.

A=5
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S0.1.1.4 Mopitor/control of subcontractors and auppliers (tagk 102), The RFP
contains system/subsystem/equipment requirements and some of the equipment will

undoubtedly be designed and developed by subcoantractors. Appropriate
reliability tasks, previously determined as necessary, will also be included in
the RFP, and are normally levied by the prime (or associate) or integrating
contractor on the subcontractors. The procuring activity must know that these
tasks and requirements are correctly understood by the subcontractors. This
understanding is fundamental to meeting program needs.

50.1.1.4.1 Continual visibility of subcontractors' activities is essential sc
that timely and appropriate management action can be taken as the need arises.
To this end, it 1is prudent to include contractual provisions which permit the
procuring activity to participate, at its discretion. in appropriate formai
prime/subcontractor meetings. Information gainsd at these @meetings can provide
a basia for follow-up action necessary to maintain adequate visibility of
subcontractors' progress.

50.1.1.4.2 Active participation in the closed-loop FRACAS (50.1.2.3) should oe

required of all equipment subcontractora as well as the prime or integrating

contractor. The information about unplanned events which this system can
provide is a major factor in assessaing and maintaining reliability program
effectiveness. 1t is reasonable to assume that equipment failures will occur
during service evaluation testing. During this testing it is very important (o
determine as rapidly as posaible the cause of such failures, the need for
corrective action, and the apecific action to be taken. For this reason.
selected subcontractor support of these tests is advisable, and should be
considered by the procuring activity for inclusion in program requirements.

50.1.2 Program management

50.1.2.1 QContinual program agsessment. Since system acquisition programs are
usually very dynamic, continual knowledge of program status is required to
assure that necessary action can be taken expeditiously. Such knowledge can te
obtained by integrating informal information with formal reporting.

£0.1.2.1.1 One informal technique is to monitor program statusa through
telephone conversations and visits to the contractor's facility. Such
procedures should be established early in the program so that it can be agreec
to by all parties. The resultant informal information system should be usec
early and exsrcised throughout development to expedite corrective action.

50.1.2.1.2 Useful information on program status can often be gleaned from
contractor data which is not submitted formally, but whicn can be made
available through an accession list. A data item for this list must bde
included in the CDRL. The 1list is a compilation of documents and data which
the procuring activity can order, or which can be reviewed at the contractor's
facility. Typically, the details of design analyses, test planning, test
results, and technical decisions are included and the data coanstitute a 3source
of information not otherwise avallable.

50.1.2.1.3 Active participation by the procuring activity or-its designated
representatives in the hardware testing programs (prime and subcontractor) will
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program status. The PA re

contractor testing will be better able to alert prozram manaeement to nroblem
areas, and to identify corrective action contemplated or implemen‘ted to resolve
the problems.

50.1.2.1.4 The informal methods described above provide timelv information
and should be used to the maximum extent consistent with PA resources. Such
information is normally supolemented with reoorts which document reliabilitv
progran activity and continuitv, and which ars submitted under the CDRL. These
formal reports for reliability and related areas can include desien data arnd
analyses of test results, and are submitted at intervals as snecified on the

CDRL The reports provide 1nter1m status in additton to doCumentlﬂz the

val is linked <o

approval to proceed to the next program phase.

amea

50.1.2.2 E:ggzgn_;gx;gg;_;;a;&_lgil An important management and technical

tonl used hv the nrncn_ri. activityv reliahilityv organization is nglﬁgn Q‘_ieg

LO0L LaeC a= activit ®wiaavy P

These reviews should be specified 1n the statement of work to ensure adecuate
staffing and funding. Typically, reviews are held: to evaluate the proeress,

consistency and technical adequacv, including reliability, of a2 selected aesizn
and test approach, (PDR): and to determine the accentability of the Hdetai:

»each LSRR =2 o3 vEITualiT LAOT alllUvaviaaiuvy : 4T L3 e

design approach, 1nclud1n¢ reliability, (CDR) before commitment to production.
Both the procuring activity and contractor reliability personnel should
consider design reviews as major milestones. The contractor's reliabilitv
organization should be represented at all design reviews whether concucte-d
internallv, with supplier, or with the Government. The result of the
contractor's internal, and suppliers, design reviews should be documented an-

made available to the PA on request. Design reviews should include review of
reliability items listed in task 103. (Reference MIL-STD-1521 for AF use.)

50.1.2.2.1 Reviews of the reliability procram should also be conductec frorm
time to time. Early in the program the reviews should be held at leas:
quarterly and as the program Orosfresses, time between reviews zan be extendes.
In addition to more detailed coveraze of those items discussed at PDRs and
CDRs, the reviews should address progress on all reliabilitv tasks scecifiec in

the statement of work. Representative discussion items include all reliapi.i=v

analysss, failurs analysis details, test schedules and prorress, oroblems
related to vendors' and subs' reliability orograms, parts problems and design
problems. Reliability reviews should be specified and scheduled in <he

Statement of Work of task 103.

50.1.2.2.2 All reliability program revie an i i
and assign action items and to explore other areas of concern. A mutually
acceptable agenda should be generated to ensure that all reliability open items
are covered and that all participants are prepared for meaningful discussions.

0.1.2.3 Eailure reporting, analvsis. and corrective action svstems (FRACAS)
L&ﬁak_lﬂil‘ Early elimination of failure causes is a major contridutor to
reliability growth and attaining acceptable field reliability The sooner
failure causes can be identified, the easier it is to implement effactive
corrective action. As the design, documentation and oreliminaryv hardware
mature, corrective action can still be identified, but its implementaticn

A=T7



MIL-STD-T78SB
APPENDIX A
15 September 1980

becomes more difficult. It is, therefore, important to employ a closed-looo
FRACAS early in the development phase. Except for non-complex acquisitions,
*RACAS should be reguired by the procuring activity, and the contractor's
existing system should be used with minimum changes necessary to accomplish the
fundamental nurnoses of eliminating failure causes and documenting the action

Lt dadih S Se=TEsttEEs === =

50.1.2.3.1 FRACAS effectiveness depends on accurate input data, {.e., reports
documenting failures/anomalies and failure cause isclation. Essential inputs
are made by the contractor's failure cause isolation. Also, essential inoputs
are made by the contractor's failure reporting activity which should sopan
across all testing activities. These inputs should document all conditions
surrounding a failure to facilitate failure cause determination. (If time
permits, these observations should also be used to verify the FMECA (50.2.3.1)
for correctness and consistency.) Sometimes failure causes can be determined
through technical dialogue between design and reliability enzineers.
Occasionally, however, it is decided that formal laboratory failure analyses
are required to reveal failure mechanisms and provide the basis for effective
corrective action. Laboratory failure analysis should always be done for
reliablity test failures if the part failure mode is germane to the failure
cause determinations.

50.1.2.3.2 The disposition of failed hardware i3 critical and must be provoerly
controlled to preclude premature disposal and ensure that the actual failed
parts are subjected to reguired analyses. A disposition team (the Failure
Review Board) is normally comprised of representatives of Government and
contractor engineering, quality assurance and =manufacturing. Access to
hardware peripheral to the failed item may also be required to investicate
failure repeatability under identical test/usage conditions. During initial
developaent, demand for oxisting hardware often exceeds supply and can resul*
in routing that is not easily traceable. A FRACAS should bs [llexible encugh tc
accommodate normal operations, and yet be capable of tracking the equioment as
it proceeds through the failure analysis activities. Durine later phases, the
FRACAS should also be able to accommodate hardware returned from the customer
and hardware returned to subcontractors and vendors for analysis.

50.1.2.3.3 A useful output of the FRACAS is a failure summary report which
groups information about failure of like items or similar functional failures.
With this information, the need for, and the extent of contemplated corrective
action and its impact can be formulated.

50.1.2.4 Failure review board (FRB) (tasi 109), For the acauisition of
expensive, complex, or critical systems or equipment it may be necessaryvy and
desirable to formalize FRACAS proceedings to the extent of having them
controlled by a FRB.

50.1.2.4.1 The addition of this task to a reliability program will orovide the
procuring activity with further assurance of tight control of reporting,
analysis, and corrective actions taken on identified failures. It should be
noted, however, that in some instances the application of this task may
duplicate QA tasks under MIL-0-9858 and may nat bhe cosat effective or in the
best interests of the overall program. Therefore, a survey should be made bv
the procuring activity to determine the need for aoplication of this task.
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50.1.2.5% Qgx:znmgh&.nlnn&.::n:::sn&a&lz:;. The GPR (AFPRO, NAVPRO, and DCAS)
serves as an extension of the procuring activity and provides on-site real-time
feedback on the contractor's program activities. To assure maximum
coordination and utilization of the GPR, a memorandum ol agreement {MOA) or
other documentation should be coordinated early in a program as to the kind of
reliability support the GPR will orovide. For example, the GPR can perform
in-plant surveillance and test monitoring on a routine basis. In addition, ad
hoc tasks and inquiries can be performed as needs develop. The GPR can also be
a most valuable observer or participant in reliability oroRram reviews

(50.1.2.2).

1.3 Conducting the program

PR I Y

50.1.3.1 Esseniial considecatigns. When tre technical tasks reguired to
achieve the reliability requirements have been defined, the resources required

must be identified and committed to meet objectives efficiently. The task
elements should be staffed and time-phased to ensure that reliability
objectives are not arditrarily compromised to meet other proaram cost or
schedule constraints.

50.1.3.1.1 The procuring activity reliability monitor can prooerly influence
the contractor's reliability program by placing on contract: (1) numerical
reliability requirements and the testinz reocuirements to ensure contractual
compliance during develonment and nroduction; (2) the requirement t5 imbnlement
specific reliability tasks during conduct of the oroeram and (3) the
requirement to provide visibility to the procurina activity of the

implementation of the contractual requirements.

S0.1.3.1.2 Reliability program success requires that too management be
continually informed of program status and unresolved problems that could
impact the achievement of orogram milestones, so that direction and resources
can be reoriented as required. In aceneral, the contractor's reliablity
organization should have: (1) a shared responsibility with other 4iscipiines
in its engineerina department to achieve reliability (2) technical control of
reliability disciplines; and (3) fiscal control of reliability resources.

50.1.3.1.3 Working arrangements between reliability and other activities
(e.g., maintainability, safety, survivabilitv, vulnerabilityvy, testing, qualitv
assurance) should be established to identify mutual interests, maximize
benefits of mutually supporting tasks, and minimize effort overlap. Such
organizational working relationships can also promote more system-oriented .
decisions if the work is properly integrated at higher levels.

50.1.3.1.4 When all the necessary planning for a reliability proeram has been
accomplished, it should be documented as a reliability program plan {task 101;.
A reliability program plan is normally submitted as part of the contractor's
response to the procuring activity's request for proposals. After mutual
agreement has been reached and procuring activity approval has been granted,
the reliability program plan must be made a part of the contract. Since the
plan is a contractual tool used to evaluate the contractor’s reliabilitv
program, it should be kept current, subject to procuring activity aporoval.
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§0.1.3.2 Preparing for follow-on phases. From time to time during the
acquisition program, transitions from one program phase to another have to be
made. In addition, there may be other occasions within program phases when
changes in the reliability program are required. As transition or other change
points approach, those responsible for monitoring and achieving system
reliadility must evaluate the needs for the reliability program and determine
its structure if it is needed.

While almost all tasks described in this standard can be performed
at vels of detail during any acquisition phase, it {s incumbent uoon
the procurinz activity reliability monitor to ensure that only essential tasks
are specified, to avoid wasting resources. The procuring activity and the
contractor should critically appraise what has, or what will have been

achieved, at given milestones. For example, as the transition between FSED and

PROD gpprcaches, judgments regarding reliability tasks during preoduction must

be made. In some instances, only some kind of minimal testing will be
required, while in other instances, a substantial number of FSED tasks will
need to be continued, along with some testing. Yet other cases may call for 2
reliability growth program or perhaps a phase-unigue task such as PRAT. (The
FSED~PROD transition point was chosen for illustrative purposes. Similar
reasoning applies whenever program change points occur or are anticipated.) It
is not the purpose of this paragraph to match a set of tasks with every
conceivable set of program circumstances. Rather, its purvose is to emphasize
that the reliability monitor must assess and project accomplishments, determine
what still needs to be accomplished to achieve reliability requirements, and

then tajilor a program to meet those requirements.

[
(1]
<

NOTE: *Tailorine®™ should not be interpreted as license to specify a zero
reliablity program. Necessity and sufficiency are the key criteria
to be met in determining whether tasks are tailored into, or
excluded from, a reliability proaram.
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50.2 Mool caabiam 2NN _ Naaionmn amd avalnatinnm

50.2.1.1 Criteria and analvses are resource allocation tggls, Program fundine
and schedule constraints demand that the limited reliability resources

s 1
available be used where they are most cost effective. It is also axiomatic
that major program level requirements and criteria have a more far reaching
impact than those developed for lower leveis. It is aporooriate, therefore, t°

examine as early as possible the numerical reliability recguirements, dboth dasic

reliablity (MTBF, MTBMA, or failure rate) and mission reliability (MCSP, MTRCF,
or critical failure rate), mission rules, failure tolerance criteria, et

cetera, so that analyses can be selected to show design compliance or to
identify shortcomings. During this examination the numerical reguirements and
criteria should alsc be evaluated, and if slicht changes to them can imorove

program cost etfectiveness, such information should be oresented to proeram
management for appropriate action.

$0.2.1.1.1 Both guantitative and qualitative analyses are useful in
determining where reliability resources should be aoplied. For example,
modeling (50.2.2.1), apportionments (50.2.2.2) and estimates (50.2.2.3) of
basic reliability and mission reliability, using as inputs available data
modified to reflect change in envircnments and usage, can scope the imorovement

which may be required. A FMECA (50.2.3.1) based on available mission rules ang
system definition, not only can provide the framework for the estimate, but

also can be used to determine compliance with failure tolerance criteria ancd =2
identify single failure points which are critical to either mission success or
safety, or both,.

50.2.1.1.2 These kinds of analyses identify imorovements which must be made if
requirements are to be met. Some techniques which have been used to assure
afficiant yse gof available respurces in m.nfipa the identified needs aras

CiilicavTiiv EVTasaBwan ~ sl JCCIISL 00 NCCLa 2l =4

presented in the following paragraphs

50.2.1.2 Apalyvaes as work direction togls, Reliability analyses are efficient
work airection tools, because they can confirm system adeguacy or identify the
need for design change, broviding they are accomplisned in conjunction with or
reviewed by other disciplines.

56.2.7.3 Anal¥ysis applicapiliiy. The use of reliability analvses is nact
limited to the phase traditionally thought of as the desizn chase. Scme =7 the

analyses mentioned above, and expanded upon in 50.2.2 and 50.2.4, 3re useful
during the early acquisition phases when design criteria, mission requirements,
and preliminary designs are being developed. Since the situation is generally

fluid during these phases and firm commitments for full scale development have

not yet been made, a comvarison of the reliability benefits of competing
configuration concepts may be more readily accepted for use in the decision
making process, Basically, the ultimate reliadbility that can be attained bv
any system, subsystes, or item is limited by the configuration chosen.
Therefore, the analyses should be sslected to aid in configuration definition
in light of the existing design criteria and mission requirements. Preliminarv
reliability estimates (50.2.2.3) and FMECA (50.2.3.1) are generally the mcst

appropriate for this purpose. The depth of the estimates should be sufficient

A-1"




MIL-STD-7858
APPENDIY 2
15 September 1980

for comparison of the configurations.

50.2.1.3.1 The cost of the selected analyses is obviously a function of both
the level and breadth requested. For example, an FMECA at the part level for
all oquipment in a weapons system is time consueing, and action taken to reduce
reliability risk as a rssult of such an analysis w
effective (usually the failure of every part i

amalicad o memab oY o —ad b &
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operation). However, when the analysis is conducted at the "black box" or
similar level, single point failures can be identified and the need for a more
detailed analysis or design action can be detarmined. Similar considerations

t“t program needs. ‘I‘he cardina. princioles are:
FOR BASIC RELIABILITY, DO NOT ANALYSE BELOW THE
LEVEL AT WHICH A FAILURE WILL CAUSE A DEMAND FOR
MAINTENANCE, REPAIR, OR LOGISTICS SUPPORT.
FOR MISSION RELIABILITY, DO NOT ANALYZE BELOW THE

LEVEL NBCESSARY TO IDENTIFY MISSION CRITICAL FAILURES.

50.2.2.17 Reliapilicy modes (sask 2073, A reliability model of the
system/subsystem/equipment i3 reguired for making numerical apporticnments and
estimates; it is mandatory for evaluating complex series-parallel equipmen
arrangements which usually exist in weapons systems. In every case the
rationale behind the reliability model should be documented. A model should be
developed whenever a failure tolerant désisn is being analyzed

50.2.2.1.1 The basic information for the reliability model is derived from :the
functional (schematic) block diagrams. The diagrams depict functional
relationships of subsystems and comoonents available to provide the reguired
performance. The reliability model reorients the diagrams into a
series-parallel network showing reliability relationships among the various
subsystems and components. (The authenticity of the functional relationships
depicted by the diagrams should be checked by a failure modes, effects, and
criticality analysis.)

50.2.2.1.2 The model should be developed as soon as program definition
permits, even though usable numerical input data are not available. Careful

review of even the early models can reveal conditions vhere management action

may be required, For example, single point failure conditions which can cause
premature mission termination or unacceptable hazards can be identified for
further consideration.

50.2.2.1.3 The model should be contir
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which planning, mission, and system d

not be to the same level for all funct
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In the interim, more detail cul
available so that evaluations may proc

50.2.2.1.4 Together with duty cycle and mission duration information, the

model is used to develop mathematical expressions or coeputer programs which,

with appropriate failure rate and probahility of succsss data, can provide
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=neortionmeﬂts estimates, and assessments of basic reliabilitvy and mission

0.2 litv recuirements
can ev mbe uder nalvses based on
emoirical data. Ideally, the recuirements are such that the total cost of
developing, procuring, ooerating, and maintainine the system over its life is
minimized.

o
O

D) N

o -

50.2.2.2.1 Once quantitative svstem reguirements have been determined, thev
are allocated or apportioned to its subsystems. A number of schemes can be
used, but the objective is common--to transforn the system recuirement into
manageable lower level requirements. Even thousgh the initial allocations may
be gross, thev can nevertheless indicate to managers the scooe of the resources
required for the reliabilitv proaram.

jU.‘.(.C.g ceilorT > ie \

subsystem requirements, however, the specific subsystem requirements must be
refined. A useful technique in the refinement process is to allot some failure
probability to a reserve for each subsystem. This technique recoenizes that

process should be a comparison of the merging requirements with emoirical data
for identical or similar hardware, to determine the realism-of the allocation
in terms of reascnable expectation. If some of the requirements appear to 5e
unreasonably difficult to achieve, then the analysis becomes the basis for
performing design tradeoffs among the subsystems to reallocate the svstem
reouirement. This total process--gross allocations, comparisons with empirical
data, tradeoffs, reiterating as required-- eventually results in subsvstem
requirements. Then, with this information, the amount of effort and personnel

resources reguired can be estimated and oroarammed,

new functions will be added and thereby precludes the need for continual
reallocation to accommodate additional design definitions. Included in this
t

§0.2.2.2.3 The allocation process should be initiated as soon as possible &

lal
[ o) 1
the early acguisition phases, for it is then that most flexibility in tradecff

and redefinition exists. Another reason for starting early is to allow time <2
establish lower level reliability requirements (system reguirement allocated o
subsystems, subsystem requirement allocated to assemblies, et cetera). Alsc,
the requirements must be frozen at some point to establish baseline
requirements for designers.

S0.2.2.2.4 After the lower level reliability requirements are defined, thev
should be levied on the rcsoon:xu;e equipment enrkineers {contractor and
subcontractor) for all hardware levels., Without specific reliabiiltv
requirements which must be desigzned to or achieved, reliability becomes a vague
and undefined general objective for which nobody is responsible. From another
perspective, program progress can be measured by evaluatine defined reliabil:itv
r‘nmnw.mm?q at a aiu.n milestone/time n.pind vith what has actuallv heen
accomplishod.

50.2.2.2.5 The reliability requirements produced from allocations sho
*h aad »
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safety, quality engineerinz, logistics, and test planninz are examoles o
activities whose work will be facilitated with established reliabilitv
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requirements.

50.2.2.3 Reliabilitv predictions (task 203)

50.2.2.3.1 Geperal griteria, Allocations are determined from the system
reliability requirements to provide lower level reguirements which are levied
on the equipment designers (50.2.2.2). As design work progresses, predictions,
based on previously generated data, and assessments based on proaram test data,
are the tools used to indicate whether the allocated requirement can or will be
met. However, predictions should not be used as a basis for determining
attainment of reliability requirements. Attainment of requirements will be
based on representative test results.

50.2.2.3.1.1 Predictions combine lower level reliability data to indicate
equipment reliability at successively higher levels from subassemblies throusgh
subsystems to the system., Predictions falling short of reaguirements at anv
level signal the need for management and technical attention. A shortfall in
basic reliability, for example, may be offset dy simplifying the design, by use
of higher quality parts, or by trading off detailed performance tolerances. In
addition, a shortfall in mission reliabilitv may be offset by the use of
redundancy or alternative modes of operation (it should be noted that such
design technigues increase system complexity, reduce basic reliability, and
increase life cycle cost). Alternatively, shortfalls may dictate the need to
reaccomplish the reliability allocation and to redefine requirements which can
reasonably be achieved at the lower equioment levels.

50.2.2.3.1.2 The prediction task, iterative and interrelated with activities
such as reliability allocation and configuration analyses (50.2.3), should be
specified by the procuring activity during the early acquisition phases to
determine reliability feasibility, and during the development and production
phases to determine reliability attainability. Predictions provide enazineers
and management essential information for day-to-day activities; in additicn
they are important supporting elements for program decision-makers.

§0.2.2.3.2 Predictions should be made as early as possible and updated
whenever changes occur. While early oredictions based on parts counts are
inherently unrefined because of insufficient design detail, they provide useful
feedback to designers and management on the feasibility of meeting the basic
reliability requirements, As the design progresses, and hardware relationshios
become better defined, the model of the systeam depictina relationships between
basic reliablity and mission reliability should be exercised to provide

predicticns up through the system level,

50.2.2.3.3 As a system progresses froam paper design to hardware stages,
predictions mature as actual program test data become available and are
integrated into the calculations. The validity of predictions is a function of
data quality and assumptions. Valid, timely analyses projecting or indicating
deficient reliability attainment provide the basis for corrective action, and
the sooner that corrective action is identified, the less its implementation is
impacted by program constraints, and the higher are the payoffs over the life
of the system. The reliability values produced from predictions should be the
basis for essential inputs to other related activites. Maintainability,

safety, quality engineering, logistics, and test planning are examples of
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activities whose work will be facilitated with established reliability
requirements.

50.2.2.3.3.1 Eguipment oredictions based on part fajlure rates., Eguioment
level predictions using part failure rates: (1) provide a basis for
identifying design, part selection/apnlication and environmental oroblem
areas, {(2) provide early Indication of capability to meet the reliabilitv tes
requirement, and (3) are essential inputs to svstem/subsystem level

predictions(50.2.2.3.3).

-~

50.2.2.3.3.1.1 Reliabllity predictions should be accomolished at the lowest
equipment level that the preliminary deaign and configquration anaivses nermit.
For off-the-shelf hardware to be incorporated into a hicher level assemdly, a
prediction can be an empirical data assessment adjusted for new or different
mission requirements. For newly-desicned equipment, analytical derivation of
failure rates for constituent components may have to suffice until actual data

éa; be acouired. Electronic part failure rate prediction techniocues are
available in the current edition of MIL-HDBK-217. Techniques for oredicting

failure rates for mechanical and electromechanical devices, however, are nc: =o
rendilv available and therefore Ai:ﬂnan- hetusen n-lsnhx11?v and desi izn
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engineer: is important to ensure that mission and environmenCal imoacts on
device performance are accounted for in tne failure rates. In either tne
electronic or the nonelectronic cases, the part or component failure rates are
the basic building blocks for accomplishing higher level predictions.

50.2.2.3.3.1.2 The fundamental reason for early predictions based on parts
failure rates is to precipitate appropriate action during develooment, when it
is most tolerable from a orogram standooint and most effective from the basiz
reliability and mission reliability viewpoints., Early review of relianilitv
predictions at lowest equipment levels can identify parts or comoonents whicn
have inadequate margins between parts strength and expected aoplied stress. I=
agdition, the earlier the review is performed, <enerallv the zreater is the
range of acceptable options for improving the predictions and the eguiopment.
Whenever predictions fall short of allocated reliability reauirements,
alternatives such as the following should be considered: identify sui=able
tions, imp
an apr

avvhatri e Y T gy gy | ~a
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substitutes, reaccomplish rc;zaoxxlcy alloeca
parts/components, redesizn, modifv the missi

3
O W

Q

rove

‘‘‘‘‘ n decrease severitv nf

environments or other factors. Some alternatives are more feasible an¢
acceptable than others at given pcints in development, bu:t all are easier an<

loeme avnanai- -.‘.—‘——l-l_ er,

ie3s expensive L0 accomplish earlier than la

dev
t

50.2.2.3.3.7.3 Reliability predictions at any equipment level become inpbuts to
higher level predictions. Prediction quality at all levels depends on how well

the reliablity model used represents the hardware and its functional
relationships. The better the predictions, in terms of reduced uncertaintv

4
SRR ORI Rl 27252 4 prellrins, 1n terms ¢l regugceg uncertain

the more Justiriable are the reliability and design decisions resultine
therefrom--whether the decision is to maintain the status quo or to take action

Y

to improve hardware reliability.

50.2.2.3.3.1.4 A serial model prediction of basic reliability must be made for

every system, subsystem, and equipment, whether or not it includes any

redundancy, to provide estimates as input for maintenance and logistics sunpcre
h timates, and life cvecle cost estimates.

plans, ocwnership cost es
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50.2.3 Lonfiguration analvaes

50.2.3.1 Eailure modea, effects, and criticality analvaia (FMECA) (taak 20U).
A FMECA is a powerful tool to optimize the performance/life cycle cost tradeoff
between mission reliability and basic reliability at the black box/component or
major subsystem level, where these tradeoffs are most appropriately analyzed
and evaluated, Potential design wealmesseas are identified through the use of
engineering schematics and miasion rules to systematically identify the likely
modes of failure, the possible effects of each failure (which may be different
for each life/mission profile phase), and the criticality of each effect on
safety, readiness, mission sucocess, demand for maintenance/logistics support,
or aome nther outcome of significance. A reliability criticality number may be
asaigned to each failure mode, usually based on failure effect, severity, and
probability of occurrence. These numbers are sometimes used to establish
corrective action priorities, but because of the subjective judgment required
to establish them, they should be used only as indicators of relative
priorities. FMECA can also be used to confirm that new failure modes have nct
been introduced in transforming schematics into production drawings.

50.2.3.1.1 The initial FMECA can be done early in the CONCEPT phase, and
because only limited design definition may be available, only the more cbvious
failure modes may be identified. It will, however, identify many of the aingle
failure points, some of which can be eliminated by a schematic rearrangement.
As greater mission and design definitions are developed in VALID and FSED
phases, the analysis can be expanded to successively more detailed levels and
ultimately, if required, to the part level. Additionally, for non-detectable
failures, the analysis should be carried further to determine the effect of a
second failure (e.g., double~point failure). Where non~detectable failures
cannot be eliminated, scheduled maintenance procedures may have to be modified
to minimize their probability of occurrence. Non-detectable failures (e.g.,
check valves, weight-on-wheels switches, et cetera) are often overlooked by
analysis and the FMECA should be carried out far enough to consider the overall
effect on the total system. With regard to one-shot systems, it may be
particularly desirable to analyze manufacturing documentation such as circuit
board layouts, wire routings and connector keying to determine if new failure
modes have been introduced that were not in circuit schematics.

50.2.3.1.2 The usefulness of the FMECA is dependent on the 3akill of the
analyst, the available data, and the information he provides as result of the
analysis. The FMECA format may require additional information such as, failure
indication, anticipated enviromment under which the failure may be expected o
occur, time available for operational corrective action, and the corrective

e d 4 - Ly o PN . - b Add & w——
action requirsd. Thes resquirssent o supply such additional informaticn should

in general be limited to those potential failures which imperil the crew or

preclude mission completion. FMECA results may suggest areas where the

judicious use of redundancy can significantly improve mission reliability

without unacceptable impact on basic reliability, and where other analyses,
alantmandan manéta talananaa anal veasna
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such as envirommental protections, should be considered. Additionally, FMECA
results can be used to provide the rationale for the details of operating
procedures used to ameliorate undesirable failure modes and to document the
residual risk. FMECA is al3o an effective tool for evaluating the

effectiveneas of nuile-d
W W il WIS WA Wby W dedid
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.2.3.1.3 Finally, FMECA results should be used to ¢ e validi
he model (50.2.2.1) uaed in computing eatimates for s func

r
{

u:r

ty o
....... functional

equipment groupings, particularly Hnere some form of redun dancy 13 included.
The identity of reliability critical items (50.2.4.3) which are a part of the
selected configurations should be retained and included in the RFP for the
development phase. Thess items are the prime candidates for detailed analysis,
growth testing, reliability qualification testing, reliability stress analyses
and other techniques to reduce the reliability risk. It is advisable to
requeat the respondents to examine the list of reliability critical items and
maks appropriate rscommsndations for additions and deletions with supporting
rationale. FMECA results should be used in defining test and checkout
procedures to assure all essential parameters, functions, and modes are
verified.

6§0.2.3.1.4 Becausne of the many and varied akillsa required to determine failure
modes, effects. corrective action, etc., the FMECA requires inputs from many
disciplines. For this reason, it is relatively unimportant which engineering
group is selected to make the analysis. What is important is the critical
examination of the results by all disciplines which could have useful knowle
that can be brought to bear on the analysis. The analysis is most effective
when made as the design progresses, i.e., it is a working tool. It is
therefore more cost effective to review the analysis prior to formal

-k Y d o gy - - anbhad..] ad Dwa o o
publication and at scheduled Program

50.2.3.2 Sasak aircudt analvais (SCA) (task 209:., 4 SC
of engineering and manufacturing documentation. It
latent patns which cause occurrence of unwanteéd {un or inhibit desired
functiona, aasuming all componentsa are functioning p v. SCA of
electro-mechanical circuits is a useful technique that can also be used for
discrete analog and digital circuitry. Finally, the analysis should be
conaidered for critical systems and functions where other techaniques are n
gffgcgiye' but should not be :nnl ied to off-the-shelf nmnurnr hardware
memory or data processing equipnont.

A i3 bagsed on the use
urpocse is to idenuify
K]
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50.2.3.2.1 SCA i3 a useful engineering tool which can be used to identify

dmmiid &
snceaKk cirscuits, dr ¢-.Lug srrors and design coacerns. The effects of varying

environments are not normally considered, and sneak circuits which result from
hardware failure, malfunction, or environmentally sensitive characteristics are

not usually identified. The identification of a sneak circuit does not always
indicate an undesirable condition; in fact, some have been used Lo accoamplish
tasks when other circt.xicry has failed. The implications of a sneak circuit,
therefore, must be explor and its impact on the circuit function decermined
before any action is take

&N 2 2 2 » QA mawv ha aveamadova > a1l Yar

JVeke e oLa @AY U8 SXPSNSAVS. It is Uusualliy psr formed late in the dva&eu

cycle after the design documentation is complete which makes change difficult
and costly to implement, and it i3 not defined as a technique by any MIL-STD.
Thererore. SCA should be considered only for components and circuitry which are

e

critical

to mission success and safety. Cost may rule out the use of SCA for
digital logic circuits because it i3 neceasary to conaider all combinationa of
switching positions, transients, and timing which could require considerab.e
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50.2.3.3 Ehmmm;mmmw:mmw Because of
within-specif ’
subassembly, or equipment may be outside spec values and therefore
unacceptable. In such cases, fault isolation will not identify any part as
falled or input as unacceptable. To preclude the existence of this condition,

Yerad = 4 =

a parts/circuits tolerance analysis is conducted. This analysis examines, at
component interconnections and input and output points, th

A% iy = 222 32€e VL% h

parta/circuits electrical tolerances and parasitic parameters over the range of
specified operating temperatures. This analysis has proven cost effective in
identifying equipment performance/reliability problem areas so they ocan be

o
corrected prior to production,
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50.2.3.3.1 The analysis considers expected component value variations due o
manufacturing variances (purchased tolerances), drift with time (life-drift),
and temperaturs. Some of the characteristics examined are relay opening and

-1
closing times, transistor gain, resistance, inductance, capacitance, and
component parasitic parameters. Maximum within-spec input signal or power
voltage, phase, frequeancy, and bandwidth; impedance of both signal and load
should also be considersd. Circuit mode paramsters, such as voltags, curreat,
phase, and waveform, can be analyzed for their effect on circuit component
performance. Finally, under worst case conditions, the timing of sequential
events, circuilt load impedance, power dissipation and element rise time shouid

P R ')

be considered.

$0.2.3.3.2 1In making this analysis, equivalent circuits and mode~matrix
analysis techniques are used to prove that the circuit/equipment will meet
specification requirements under all required conditions. The use of a
computer 1s recommended to solve the matrix problem inherent in mode matrix

analysis of complex circuitry.

50.2.3.3.3 This analysis i3 considered to be relatively expensive because cf
the skill levels required and the time-~consuming Jjob of preparing the lnput
information for the computer (use of a computer is mandatory in most cases).
For this reason, 1t3 application should probably be limited to critical
circuitry. For the purpose of this analysis, power circuitry, e.g., power
supplies and servo drivers, are usually critical, as to a lesser extent are
louan power n(nnni r.' auch as intermadiate ﬁ-nqnapny 3tr1p=' Rncanse Qf‘ the

difficulty in specifying precisely the variables to be considered and thelr
ranges, it may be more efficient to specify a partsa/circuits analysis of

critical circuitry, to require the supplier to identify the circultry, the
variables to be considered, and the statis
evaluating circuit/system performance; and

=G S TES L/ IS0 Pel <

limit criteria to be used in
ropose his effort on that basls.
Subsequent negotiation prior to procuring the analysis should result in a
tailored task that is mutually satisfactory.

[~{s)
P

e

2.4 Design criteria
o

50.2.4.1 Failure tolsrant deaign critecda imorove miasion reliability. A

system which can tolerate failures and still successfully complete a mission
has a higher MCSP than one which must abort following a failure. System.
aubayatem, or equipment deaigns which have this at;ribute are sometimes ca.led

Statements which establish the specifics of such tolerance
are called "failure tolerance criteria”.
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50.2.4.1.1 These criteria provide standards for desien compliance, and shaoe
subsystem architecture. They are usually found {n several nlaces in weaoon
system and subsystem specifications. Tvypical of such criteria is the following:
n"A single failure in any subsystem shall not cause or require a mission abore,
and during an abort the single malfunction or failure of a subsvstem or
component shall not cause loss of the crew." Criteria such as these influence
the design and operation of almost all subsystems, and therefore an oreanizen
approach is required to meet them. The compliance attained by this aporoach
will use a minimum of added redundancy and complexity. It must de realized
that failure tolerant design techniques usually increase ceomplexityv and total
qumber of parts; reduce basic reliabilitv (MTBF), maintenance-related
reliability (MTBMA), and logistics-related reliablity (MTBR); and thus usuall.
increase both acquisition cost and cost of ownership.

50.2.4.1.2 Compliance with the mission success criteria can best be determined
by examininz functional diaerams, systems schematice, and software
specifications and documentation in the licght of mission rules anc
requirements. Particular attention should be paid to providine vcower from

A4 P mmanm 13 mmen
different sources {where feasible) to redundant ¢or alternative means of

accomplishing a function. Besides different oower sources, consideratic:
should also be given to the use of different connectors/wirine oins, ohysical
separation/orientation, and different software for redundant equipments. More

generally, careful scrutiny is required to identify and avoid arrancements
whioh can invalidate the funntional redundancy provided.

50.2.4.1.3 This process of confirming compliance with criteria should bde
continued through FSED and iterated as dictated by proposed changes durine
production.

50.2.4.2 Parts selection/application griteria (task 297), Conductine an
aggressive parts control and application progkram increases the probanilitv »f
achieving and maintaining inherent eguipment reliability, minimizes parts
proliferation, logistics support costs, and system life cycle costs., The added
investment required for a vigorous procram which controls parts selection anc
application can be offset by reduced system life cycle costs for recaratle
systems and by overall system effectiveness for nonreparable systems. In some
cases the use of higher quality parts can even lower item acquisition ccsst
through reduction in the amount of assembly line rework as well as eliminate
additional costs for drawings and test data required when using nonsgtancarc
parts.

§0.2.4.2.1 Parts and components are the basic items comnrisina higher level
assemblies, which in turn ultimately constitute the system, where the "systen"
may be a radio, a space satellite, or a nuclear submarine. Significant
contributions toward system optimization can be realized dy applying attention
and resources to partes aoplication, selection, and control starting early ir
VALID phase and continuine throughout the life of the systea,

50.2.4,2.2 The decisions as to the depth and extent of the narts orogram
designed for a particular item acquisition should be made based on
considerations of factors such as: mission criticality, oarts essentialitv "o
successful mission completion and reduced frequency of maintenance;,
maintenance concept, production quantity, oarts availability, ancunt/degree =T
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new deaign and parts standardization status. A comprehensive parts program
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a large projected inventory as for a single, complex device (e.g., special
purpose space system).

A A I = o
DUeCeHece ) A
elements:

a. A parts control program (in accordance with MIL-STD-965)

(=

Parta atandardization

c. Parts application (derating) guidelines eatablished by the contractor

d. Parta teating, acreening, or validatien

e. GIDEP participation as applicable (MIL~-STD~1556)

If such a program is embarked upon, it is imperative that both procuring
activity and the contractor assign qualified personnel, because the dynamic
nature of parts and component technology can quickly render exisbing knowledge
and experience o
MIL~STD-Q6S or

2V anbhd e memmaadiema TT af
Qr “L.‘.Dul‘ pl'Ubwa L or 14 G

1tained in that document.

50.2.4.2.4 The procuring activity should provide general parts application

guideliines {e.g. MIL-P~11208(ARMY), MIL-E-54G0) for the producer to use in
eatablishing the parts application criteria, Theae criteria are the atanda dg
established and enforced by the contractor for equipment designers {contrac

and subcontractor), and should be adhered to because fallure rates can increase
dramatically (i.e., reliability decreases) with exposure to increased stress

1avala NaviatiAna to the narts annl{matian ﬂ!‘"‘.!’12 ahnuld bhe cr-antod through
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the parts control program only after evaluating the actual part stress

conditions, design alternatives, and impact on circuit and overall system
reliability.

50.2.4.2.5 The basic objective of a procuring activity's parts program is o
control the selection and use of standard and nonstandard parts.
Occaaionally--aonetlmea often, depending on the system~--it becomes necessary

for the contractor to propose the use of a nonstandard part. Proposals for use
of nonstandard parts should be made and accepted only after other options whi-=h

use standard parts have been investigated. (The parts control activity,

beaides ruling on the immediate application, should normally make a judgment on

whether the part in question meets enough of the criteria to mai
it avoidas iInt
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additional parts into the DoD lnventory, it tends to assure a auppl f parts
throughout the system's life, and can limit tendencies to overdesign or
"gold-plate.” It is important to also recognize the potential for systems

inmmaldahdldeber amd doanmanan
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and common hardware (e.g., relays, switches, connectors) purchased under
separate contract. ’
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procuring activity should clearly scell out an order of oreference of part
quality levels for use in the system. In addition, the procuring activi‘y
should identify prohibited part types. For certain applications, soecial tests
of standard parts may have to be used to obtain acceptahle parts which are then
unique and must so be identified. It is most important to emphasize, however,
that special testing, identification, and selection inhibits standardization,
since those processes produce a nonstandard part which mav not be readily
available to support the system throughout its life.

0.2.4.2.7 Parts program activities are interrelated with all other analyses
bed in this document, and with analyses performed by other disciplines
s s

. . N ) A
au as safety, quality engineering, maintainability, survivaviiitv and

vulnerabxlity Any of these analyses can indicate the need for different parts:
upgraded or unioue, in some cases, to meet system reauirements; standard or
readily available part in other cases, to minimize system life cvcle costs

and ensure support

@iee CHiUWl C wuw

50.2.4.2.8 An effective parts program reguires that knowledzeable parts
engineers be used by both the procuring activity and the contractor. Governmen:

P

agencies such as the Defense Industrial Supply Center, the Defense Electroniss
Supply Center, and the Rome Air Develooment Center can provide excellent
support. Logisticians should aiways be consultea for their inputs, because tnev
will be required to aupport the system operationally The investament in parts
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of reduced operational
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50.2.4.3 Reliability critical items (task 208), Reliability critical items
are those items whose failure can significantly affect system safetyv,

availability, mission success, or total maintenance/logistics suoport cost.

Critical itema shall include, but not be limited to those identified bv
reliability analysis and FMECA. High-value items should always be consicdered
reliability critical for life cycle cost. A single point failure identified as
a mission-critical item, and any design redundancy or alternative modes of
operation proposed as a means of eliminating that single point failure, must
both be considered in light of their affects on both operational effectiveness
and life cycle cost. In other words, redundancy may be necessary, but it mus:

De justified {n terms of what i will ccst, and what it will buy, over the

entire life cycle of the systems inventory.

should be retained and included in the RFP for
subsequent phases. These items are the prime candidates for detailed analvsi s,
growth testing, reliability qualification testine, reliability stress analyses,
and other techniques to reduce the reliability risk. It is advisable to
request the respondents to examine the iist of reliability critical items and

make appropriate recommendations for additions and deletions with supporting
rationale.

50.2.4.4% Life criteria (fask 209), Planned storaze and/or useful life are

important considerations for every system, subsystem or component. To zain

Scme assurance that these items can successfully tolerate foreseeable

operational and storage influences, it may be advisable to conduct analvses and
tests to determine the effects on them of packazineg, transportation, handlina,
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storage, repeated exposure to functional testing, et cetera. The information
from these analyses and tests can support trade-offs to influence design

criteria. This task contains a sugzested description of the effort. It is
recommended that this tasi be applied after consulting with
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cognizant equipment enzineers and quality assurance, test and logistics
experts.
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50.3 Iask aection 300 - Develppment and production testing
50.3.1 QGeneral conadderations

50.3.1.1 Reldability teating, The reliability test program must serve three
objectives in the following priority: (1) disclose deficiencies in item
design, materiel and workmanship; (2) provide measured reliability data as
input for estimates of operationdal readiness, mission success, maintenance
manpower cost, and logistics support cost; and (3) determine compliance with
quantitative reliability requirements. Cost and schedule investment in
reliability testing shall conform to these priorities to ensure that the
overall reliability program is both effective and efficient. Four types cf
rellabllity testing are contained in task section 300; ESS, RDGT, RQT and PRAT.
Environmental stress screening (ESS, task 301) and reliability
development/growth testing (RDGT, task 302) are reliability engineering tests.
Program plans shall emphasize early investment in ESS and RDGT to avoid
subsequent costs and schedule delays. Reliability qualification tests (RCT,
task 303) and production reliability acceptance tests (PRAT, task 304) are
reliability accounting tests. They shall be tailored for effectiveness and
efficiency (maximum return on cost and schedule investment) in terms of the
management information they provide. A properly balanced reliability program
will emphasize ESS And RDGT, and limit, but not eliminate, RQT and PRAT.

50.3.1.2 JIntegrated testing, It is DOD policy that performance, reliability,
and environmental stress testing shall be combined, and that environmental
stress types shall be combined insofar as practical. It i3 the responsibility
of the PA to draw these tests together intc an integrated, effective, and
efficient test program. For example, mechanical, hydraulic, pneumatic, and
electrical equipment are usually subjected to three gualification tests;
performiance, environmental, and endurance (durability). The integration cf
these separate tests intoc a more comprshensive reliability test program can
avoid costly duplication and ensure that deficiencies are not overlooked as
they often are in the fragmented approach.

50.3.1.2.1 Performance tests should be conducted as soon as items are
fabricated. They should be brief, and should provide the immediate basis for
correction of any deficiencies they disclose. However, an item that has passed
its performance test must not be considered compliant with Government

requirements until it has shown that it will perform reliably under realist:
conditions.,

50.3.1.2.2 Environmental tests such as those described in MIL-STD-810 should
be considered an early portion of RDGT. They must be conducted early in
development, to ensure that time and resources are availlable to correct the
deficiencles they disclose, and the corrections must be verified under stress.
Such information must be included in the FRACAS (50.1.2.3) as an integral
aspect of the reliability program.

50.3.1.2.3 Endurance (durability) testing usuallly consists of a normal test,
an overload test, and a mission profile cycling test that duplicates or
approximates the conditions expected in service. Failures must be evaluated,
and corrective actions must be incorporated in the test items. The test must
then be rerun or, at the option of the PA, the test may be completed and an
additional run conducted to show the problems have been corrected. This
information must also be inclucded in the FRACAS. An integrated test drocram
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will combine reliability testing and durability testing.

$0.3.1.3 Jest realism, A test is realistic to the degree that test conditlons
and procedures simulate the operational life/mission/environmental profile of a
production item. Realistic testing can disclose deficiencies and defects that
otherwise would be discovered only after an item is deployed, and 1t can reduce
the disparity between laboratory and operational reliability values,

Therefore, test realism must be a primary consideration in every rellability
test. A test that only discloses a small fraction of the operational fallures
it is supposed to disclose i3 a waste of time and resources. Conversely, a
test that induces failures which will not occwr in service forces unnecessary
expenditures of time and resources to correct those failures. And finally, the
degree to which any reliability test must simulate fleld service depends on the
purpose of the test,

50.3.1.3.1 Low test realism is often due to omission of a relevant stress, or
incomplete definition of a type of stress. For example, faillures that are
caused by vibrations are seldom found by tests that apply no vibration, or by
tests that ignore the relevant combinations of vibration frequency, amplitude
and duration of exposure. Establishment of realistic test conditions and
procedures requires a inowledge of the life profile from factory to final
expenditure, %o include the micro-environments an item will experience during
each phase of its life profile, based on measurement of the actual stresses
experienced by similar items.

50.3.1.3.2 It is appropriate to apply stress levels greater than those
expected in service, if the purpose of the test is to disclose deficiencles,
and if test conditions do not induce failures that will not occur in service.
On the other hand, both overstress and understress make reliability estimates
inaccurate and distort test results used to determine compliance. Therefore,
overstress (and step-stress) testing may be applied during ESS and the early
portion of RDGT, but the final portion of RDGT, and both RQT and PRAT, should
simulate the operational life profile insofar as practical and cost-effective.

50.3.1.3.3 Precise simulation of the operational life profile would expose
each item and each part of each item to the exact stress types, levels and
durations they will experience in service, Such idealistic testing 1s seldom
practical or cost-effective. Some stress types cannot be coabined in the same
test facility, and some may cost more to reproduce in the laboratory than they
are worth in terms of the fallures they cause in service. Stress types may be.
applied in series for ESS and the early portion of PRAT. Total test time mzay
be compressed by reducing the amcunt of time spent in simulating less stressf.l
phases of the life profile. (Note that overstress is a valid way to accelerate
the discovery of deficiencies and defects, but it is not a valid means of
compressing test time when reliability is to be measured.) MIL-STD-781
contains guidance for realistic combined-stress, life/mission proflle
reliabllity testing.

S50.3.1.4 Reldablity estimites and orojectionsa, Measured reliability data must
serve a variety of needs for management information, in addition to its use as
a basis for determining compliance with quantitative reliability requirements.
Point (and interval) estimates of the demonstrated reliability are essentilal
inputs for operations and support plans, manning and sparing decisions,
ownership cost and life cycle cost estimates. It is imperative that these
inputs be definea in tne appropriate units of measurement ana based on
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realistic test results
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MIL-STD-781 contains guidance for confidence interval
t

«1.4,1 In cases where it is impractical or inefficient to demonstrate all
icable system reliability parameters at the system level of assembdly,

system level estimates must be compiled from lower level test results. Audit
trails are required to relate busic reliability measurements (MTBF) with the
proper units of measurement for each system reliability parameter (such as MCSP
4k
PRs
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are not simulated during the test (such as the influence of operation and
support concepts, policles and planning factors). The PA may specify each
element of these audit trails, or require that audit trails be developed
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subject to PA approval.

1

50.3.1.4.2 Reliability values measured during ESS and the early portion of
RDGT cannot be expected to correlate with reliability values in service.

Reliability values measured during the final portion of RDGT, and both RQT and
PRAT, muat be correlated with reliability values in service, by optimum test
realism and clear traceabilty between test and field measurements. All
relevant test data must be used to project operational reliability for
estimates of operational effectiveness (readiness and mission success) and
Armarahdin ~Aned {n:ﬂnf.nnnn- mannaacaarn cante and Tasdatda eannnant aAnatr) Nnlv
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-chargeable test results shall be used to determine contractual coapliance with
quantitative reliability requirements.
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50.3.1.5 Relevanl falluces and chackeable falluces, Fallure and relevant
failure are defined by DOD policy. A failure is the event in which any part of
an item does not perform as required by its performance specification. A
relevant failure is one that can occur or recur during the opeational life of
an item inventory. Therefore, there are only two types of nonrelevant failure;
(1) those verified as caused by a condition not present in the operational
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environment, and (2) those vcrifiod 43 peculiar to an item design that will
not enter operational inventory. A chargeable failure is relevant failure
caused by any factor within the responsibility of a given organizat onal

entitv whethar CaAvarnmant ~ne Asmmam~d ol Every ralsvant fallurs shall
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charged to somebody. For example, relevant failures due to software errors are

c_hargcab}e to the softwure supplier; those caused by human errors are
chargeable to the employer, or to the agency responsible for training.
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Depsndent failures are chargeable, 45 one independent failure, to the supplier
of the itea that caused them, whether that item is GFE or CFE. In keeping wit

DOD policy that responsibilities must be cearly defined, chargeability reters
to the responaibility for; (1) the cause of failure, and (2) corrective
action to prevent recurrence of failure.

50.3.1.6 Statistical test plans., The statistical design of any reliabilis

test ge‘per_xdaAon the purpose of that test., ESS and RDGT must not include
accspt/reject criteria that ponnlizos the contractor in proportion to the

nimmhawr n' Padlivman ha PlinAde St comizld ma contrary to the surpose -
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the test; so these tests must not use statistical test plans that establish

such oriteria. RCT and PRAT must provide a clearly defined basis for
determining compliance, but they must also be tailored for effectiveness and
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test plan for RQT or PRAT shall be based on the amount of confidence galned
(the degree that confidence intervals are reduced) by each additional increment
of testing. For example, a test that stops at the first failure leaves a wide
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reduces that uncertainty: but testing beyond the eighth or ninth failure buys

increased confidence or reducod risk. Finally,
discrimination ratios, and decision risks shall ve

PRy a1

L
otal test time and cost, to incliude impact cost of

«1.6.1 Probability ratio sequential test (PRST) plans are only intended to

¢3 .
termine compiiance {(accept or reject) on the basis of predetermined decision
sks. They are not intanded to provide estimates of demonastrated rel 1ability
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and they leave no decisions to the PA once they have been specified. PRST
plans contain significant uncertainties in regard to actual test time.
Therefore, if program cost and schedule are based on the "expected decision

point”, rather than the "maximum 3llouabls test time", spscification of 3 PRS

will build in potential cost and schedule overruns that the PA cannot contro
In general, PRST plans may be used for PRAT, if only a simple "accept or
reject® decision is desired and if schedule uncertainty is not a major concern,

[ ST R o o r ambe 5] > Fonem DIYN
tut thsy should not bs ussd for RQT.

-
i

Fixed-length test plans should be specified when actual test time
ubject to PA control, and when something more than a simple "accept or
8cision 1s desired, For examp o Sp

t

on is desired, For example, the PA may wish to specify a
eat, assess the data as it becomes available, and malke an early

accept decision on the basis of measured test results to date. (Reject
decisions based on real-time data assessment are not recommended, because they
may require changes in the contract.) Fixed-length test plans may also provide

a basls for structuring incentive fsss. Por example, the contract may state

that base price will be paid for those items having a demonstrated reliability
(point estimate) within a specified range; that an incentive fee will be paid
for reliability above that rango- that penalty or remedy will be required for
reliability bslow that rangs, and that items having demonstrated reliability
below a minimum acceptable (observed) value will not be purchased by the

government. These provisions may also apply to production lots.

- .

li :‘

is DOD policy that, insofar as possible,
h raldahd

7
wnich determine comnlia 14ty ranuireamantes e«hall ha
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conducted or controlled by soneoae other than the supplier whose compliance 1s
being determined. The PA is responsible for implementation of this policy. It

applies to RQT and PRAT, but it does not apply to ESS or RDGT. The PA may

elect to have RQT and PRAT conducted undsr sesparats contract tc a3 government or

commercial test facility. A higher tier contractor may be required to conduct
or control these tests on behalf of the government. The supplier's test
facility may be used by sending in a team of independent test engineers for the
duration of the test. The supplier must be invited to witness all independert

RQT or PRAT of his product, and test results must be fed back to the supplier

Iy

(such feedback provides incentive for his quality control program Excepticns
in which the supplier conducts RQT or PRAT of his own product may be granted
only in situations of technical or financial necessity.

50.3.1.8 Testing camnliance. The contractor is campliant with specifd >SS

228 CLNLI gLl &2 O psaasts wpTlas S0 2

{(task 301) requirements when testing has been performed as specified in he
contract, faillures have been corrected, and corrections have been verified.
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The contractor shall be held responsible for the achievement of specified
reliability growth during RDGT (task 302). The coatract should specify
accelerated effort in event of failure to meet reliability growth targeted on
the specified values (goals), and noncompliance provisions in accordance with
the Defense Acquisition Regulations for failure to meet reliability growth
targeted on the minimum acceptable values {thresnolds). The contractor is
compliant with RQT (task 203) or PRAT (task 304) requirements if an accept
decision is reached in accordance with the statistical test plan, or when the
PA accepts items on the basis of real-time data assessment. It is imperative
that a reject decision denote contractual noncompliance, rather than a
potentially endless series of corrective actions and retests; 1f the PA fails
to ensure that contracts reflect this policy, total test item will remain
inherently open-ended and quantitative reliability requirements will remain
inherently unenforceable.

50.3.1.9 Documentation. An integrated test and evaluation master plan (TEMP)
must be prepared by the PA, or prepared subject to PA approval. The TEMP must
include each phase of testing, the ground rules for each test, the impact on
GFE, and the criteria far succesaful completion of each test. In addition, a
test procedures document 1s required for each type of reliability test (tasks
301, 302, 303, and 304). These documents describe the item(s) to be tested.
the test facilities, the item perforuanee and performance monitoring
requirements, data handling, and location of test instrumentation. The TEMP
and the test procedures documents should be delivered to the PA early enough to
allow PA review and approval (normally 60 days) before the start of testing.
Once testing is underway, the approved TEMP and the test procedures documents
must be used to monitor and control conduct of the tests. Information on
failures must be compared with existing information in the FRACAS. Accurate
record-keeping, with proper failure analysis and corrective action, will
provide the insight needed to manage specified reliability growth (ESS And
RDGT), and will point out the need for any corrective actioams late in the
programs (RQT and PRAT). Even though moat fajilures should have been corrected
bofore the start of RQT latent deficiencies and defects must be corrected as
soon as possible after they are discovered. Delay only compounds the problem
and the coat of correction.

50.3.2.1 Envirogmental atreas screendng (ESS) (taak 301), ESS is a test, or a
serises of tests, specifically designed to disclose weak parts and workmanship
defects for correction. It should be applied to parts, components,
subassemblies, assemblies, or equipment (as appropriate and cost-effective), to
remove defects which would otherwise cause failures during higher-level testing
or early field service. The test conditions and procedures for ESS should be
designed to atimulate failurea typical of searly field service, rather than to
provide precise simulation of the operatiocnal life profile. Eavironmental
stress types (such as random vidbration and thermal cycling) may be applied in
seriea, rather than in combination, and should be tailored for the level of
assembly at which they are most cost-effective., ESS testing has significant
potential return on investmeant, for both the contractor and the government,
during both development and production. All-equipment ESS (100% sampling) is
recommended for PA consideration.

50.3.2.1.1 The PA may specify detailed ESS requirements, or have the
contractor develop an ESS test plan subject to PA approval. In either case,

A_97
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the PA should specify a minimum test time per item, a fallure-free interval,

and a maximum test time per item (after which that item will be considered toco

wom ouc by the test to be a deliverable item). The contractor must not be
4%,
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required to correct every failure, and to prevent recurrence of failures
through use of more reliable parts and the reduction of workmanship errors

8N . w2_1.2 ESS must not be con

50,3.2.1,2 ESS must not be ESS employs less expensive

, 4 -, s less expensiv
test facilities, and is recommended for sampling. PRA‘I‘ requires a more
realistic simulation of the life profil and more expensive test facilities,
and therefore is not recommended for 100 ampling. ESS must be conducted by

s
the contractor, while PRAT zust be independent of the contractor 1if at all

possible. Where the statistical test plans for RQT or PRAT are based on the
exponential distribution (constant failure rate), ESS 1s a prersquisite for RQT
and PRAT, because those test plans assume that early failres have been

50.3.2.2 Reliability develooment/growth testing (RDGT) (task 302)., RDGT is a
pra-qualit‘ication, test-analyze-and-fix proccaa, in which equipwments
ed

c Y e ad namal awmadad amerd mammande ba Addan)lnaa
-1

er actual, simulated, or accelerated snvironments to disclose
ncies and defects. This testing is intended to provide a basis
t‘ox' oarly incarporation of carrective actions, and verification of their
effectiveness, thereby promoting reliability growth. However:

TESTING DOES NOT IMPROVE RELIABILITY, ONLY CORRECTIVE ACTIONS THAT PREVENT THE
RECURRENCE OF FAILURES IN THE OPERATIONAL INVENTORY ACTUALLY IMPROVE
RELIABILITY.

50.3.2.2.1 It is DOD policy that rs bility growth is rsquirsd during

[

full-scale development, concurrsn lopment and production (where
concurrency is approved), and during initial deployment. Predicted reliability
growth shall be stated as a series of intermediate milestones, with assoclated

goals and thresnolds, for each of
scheduled in coniunotion with aa
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f those phases. A period of te
oh intarmediate milestona. A b
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resources shall be scheduled for the correction of deficiencles
found by each period of testing, to prevent their recurrence in

nd de fects
he operational

inventory. Administrative delay of reliability engineering change proposals
shall be minimized, Approved reliabllity growth shall be assessed and
enforced.
50.3.2.2.2 Predicted reliability growth must differentiate between the
apparent growth achieved by scresning weak parts and worikmanship dsfects out of
the test items, and the step-function ach

o

= 2 -
The apparent growth does not transfer from prot

instead, it repeats in every individual item of equipment. 'm s cp—f‘unction
growth does transfer to production units that incorporate effective design
corrections. Therefore, RDGT plans should include a series of test periods
(apparent growth), and each of the test periods should be followed by neax”

a
period (step-function growth), Where two or more items are being tested, their
"test® and "fix" periods should be out of phase, %0 one item is being tested
while the other is being fixed.

50.3.2.2.3 RDGT ‘must correct fallures tnat reduce operational effectiveness,
and failures that drive maintenance and logistic support cost. Therefore,

~O
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failures must be prioritized for correction in two separate categories; mission
criticality, and cumulative ownership cost criticality. The differences
between required valuea for the system reliability parameters shall be used to
concentrate reliability engineering effort where it is needed (for example:
enhance mission reliability by correcting misaion-critical failures; reduce
maintenance manpower cost by correcting any failures that occur frequently).

50.3.2.2.4 It is imperative that RDGT be conducted using one or two of the
first full-scale engineering development items avallable. Delay forces
corrective action into the formal configuration control cycle, which then adds
even greater delays for administrative processing of reliability engineering
changes. The cumulative delays create monumental retrofit problems later in
the program, and may prevent the incorporation of necessary design corrections.
An appropriate sequence for RDGT would be: (1) ESS to remove defects in the
test items and reduce subsequent test time, (2) environmental testing such as
that described in MIL-STD-810, and (3) combined-stress, life profils,
teat-analyze-and-(ix. This final portion of RDGT differs from RQT in two ways:
RDGT is intended to disclose fallures, while RQT is not; and RDGT is conducted

by the contractor, while RQT must be independent of the contractor if at all
possible.

50.3.3 _Reliability accounting teats

50.3.3.1 Reliabilitv gualification teat (ROT) (task 303), RQT is intended %o
provide the government reasonable assurance that minimum acceptable reliabilicy
requirements have been met before items are committed to production. RQT must
be operationally realistic, and must provide estimates of demonstrated
reliability. The statisitical test plan must predefine criteria of compliance
("accept™) which limit the probability that true reliability of the item is
less than the minimum acceptable reliability requirement, and these criteria
must be tailored for cost and schedule efficiency. However:

TESTING TEN ITEMS FOR TEN HOURS EACH IS NOT EQUIVALENT TO TESTING ONE ITEM FOR
ONE HUNDRED HOURS, REGARDLESS OF ANY STATISTICAL ASSUMPTIONS TO THE CONTRARY.

50.3.3.1.1 It must be clearly understood that RQT is preproduction test (that
i3, 1t must be completed in time to provide management information as input for
the production decision). The previous concept that only required
"qualification of the first production units" meant that the government
committed itself to the production of unqualified equipment.

50.3.3.1.2 Requirements for RQT should be determined by the PA and specified
in the request for proposal. RQT is required for items that are newly
designed, for items that have undergone major modification, and for items that
have not met their allocated reliability requirements for the new system under
equal (or more severe) environmental stress. Off-the-shelf (government or
commercial) items which have met their allocated reliability requirements for
the new system under equal (or more severe) enviroanmental stress may be

considered qualified by analogy, but the PA is responsible for ensuring there
is a valid basis for that decision.

50.3.3.1.3 Prior to the start of RQT, certain documents should be available
for proper conduct and control of the test. These documents include: the
approved TEMP and detailed RQT procedures document, a listing of the ltems o
be tested, the item specification, the atatistical test plan (50.3.1.6), and a
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statement of precisely who will conduct this test on behalf of the government
(50.3.1.7). The requirements and submittal schedule for these document must be
in the CDRL.

50.3.3.2 Production reliability acceptance teat (PRAT) (task 304), PRAT is
intended to simulate in-service evaluation of the delivered item or production
lot. It must be operationally realistic, and may be required to provide
estimates of demonstrated reliability. The statistical test plan must
predefine criteria of compliance ("accept") which limit the probability that
the item tested, and the lot it represents, may have a true reliability less
than the minimum acceptable reliability, and these criteria must be tajilored
for cost and schedule efficiency. PRAT may be required to provide a basis for
positive and negative financial feedback to the contractor, in lieu of an
in-service warranty (50.3.1.6). Because it must simulate the item life profile
and operational environment, PRAT may require rather expensive test facilities;
therefore, alli-equipment PRAT (100% sampling) is not recommended. Because it
must provide a basis for dotcrnining contractural compliance, and because it

Py Y dosmmamad ba somoawme o4 mmm) Prmoaa DDAT miiaé han

app&.l.e: to the ilems acliaslry dsliversd o St ational for €3 PRAT must be
independent of the supplier if at all possible (50.3.1.7). Finally, even
though sampling frequency should be reduced after a production run is well
established, the protection that PRAT provides for the government (and the
motivation it providea for the contractor's quality control program) should not

be discardsd by complete walver of the PRAT requirement,
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60.1 The f

ollowing is a list of data item descriptions associated with the
reliability tasks s

pecified herein:

TASK APPLICABLE DID DATA REQUIREMENT

101 DI-R-7079 Reliadbility Program Plan

i03 DI-R-T080 Reliability Status Rsport

104 DI-R-TO041 Report, Failure Summary and Analysis

201 DI-R-T081 Reliability Mathematical Model(s)

‘202 DI-R-2114 Report, Reliability Allocatlon

203 DI-R-7082 Reliability Predictions Report

204 DI-R-1734 Report, Failure Modes, Effects and Criticality
Analysis Report

DI-R-21154 Report, Failure Mode and Effect Analysis (FMEA)

(DI-R-2115A is to be used only when MIL-STD-1629
has been designated as the basis for
MIL-STD-785B, Task 204)

205 DI-R-T083 Sneak Circuit Analysis Report

206 DI-R-T084 Electronic Parts/Circuits Tolerance
Analysis Report

208 DI-R=35011 Plan, Critical Item Control

60.2 The following tasks have DIDs associated with them related to imposition
of MIL-STD-781C:

301 DI-R-T040 Report, Burn-in Tast
302,
303, DI-R=7033 Plan, Reliability Test
304
303,
304 DI-R-7035 Procedures, Reiiablity Test and Demonstration
303, DI-R=-T034 Reports, Reliability Test and Demonstration
304 (Final report)
NOTES: (1) Only data items specified in the CDRL are dsliverabls. Thersfore,
those data requirements identified in the Reliability Program Plan must also
appear in the CDRL.

(2) The PA should review all DID's and assure through tailoring, that
the preparation instructions in the DID are compatible with task requirements
as specified in the SOW.
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