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MIL-STD-1543B (USAF)

Reliability Program Requirements for Space and Launch Vehicles

1. This Military Standard is approved for use by the
Department of the Air Force, and is available for use by all
Departments and Agencies of the Department of Defense.

Z. bBeneficial comments (recommendations, addi
deletions) and any pertinent data which may be of
improving this document should be addressed to:

USAF Space Division, SD/ALM
P. O. Box 92960
Worldway Postal Center

Los Anageleg, CA 90009-2960

by using the self-addressed Standardization Document Improvement
Proposal (DD Form 1426) appearing at the end of this document or
by letter.
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vehicles is achieved by the designs, including the design

margins, and by the manufactu ring processes and controls imposed
at every level of fabrication, assembly, and test. The des1gn
and design marg1ns should ensure tnat the equ1pment is capaole

e f e 2 AL amaemndlacmal acmerd smsmanaea 213 13 4e
of pELf orminyg J.ll the UychL.Lunux cuvxxuxuucuu. The .LBL.I.GU.LL.LL’

nroaram reqguirements stated in this standard have heen

PAUYAu ATYuaxTinsa -as “was

established to ensure the timely and economical attainment of
system reliability as an integral part of the acquisition
process. The requirements are a composite of those that have
been found to be cost effective on previous space programs.

This standard provides a consistent approach to help
achieve, in a cost effective way, the high reliability required
for space and launch vehicles. For the convenience of the user
of this standard, it is organized simiiar to MIL- STD 7853,

"Kellanlllcy Program for Systems and nqux.pmenc ueve.l.upxue:xu_ and
Production,™ although this standard is an independent document.

The requirements of this standard complement other typical
contract provisions, such as the requirements for quality
assurance in MIL-STD-1586, “Quality Program Requirements for
Space and Launch Vehicles”"”; the requirements for a Parts,
Materials. and Processes Control Program in MIL-STD-1546,
*pParts, Materials, and Processes Standardization, Control, and
Management Program for Spacecraft and Launch Vehicles®; and the
testing requirements in MIL-STD-1540, “Test Requirements for
Space Vehicles."”

When preparing their proposal, a contractor may include
additional tasks or task modifications. Such added tasks or task
modifications should be clearly identified, include supporting
rationale, and be independently priced for ease of evaluation.
Contractors are alwavs encouraged to report to the gggtgactiﬂa

officer, for program office review and consxderatlon, those
specific requirements that seem inappropriate, are believed
excessive, or are conflicting with other contract requirements.
However, contractors are reminded that any departure from

contractuallyv imnocad reqguirements can he aranted onlwe hv +ho
conliragciuglly i1mpesSeC requirements can graneC onuly e

contracting offlcer.
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SECTION 1
cr ' Nnpe
[T AV V7 9 +]
1.1 PURPOSE
Thie cr-anAarA actahlichae 1mmifarm raliahi: 13 e rAMYam
- AA AW A Y WEAAWASA A WA whd v BAS A A WA D AL A & WA AL LGL‘.“U‘-‘L\.I r&v,suul
requirements and tasks for use during design, development,

fabrication, test, and operation of space and launch vehicles.

1.2 APPLICABILITY

1.2.1 Application of the Standard. This standard, when
appropriately tailored, is applicable to all prime, associate,
and subtier contractors involved in the design, development,
fabrication, test, and initial operation of space and launch
vehicles.

1.2.2 Application Guidance. Application guidance for
tailoring requirements to a particular procurement is contained
in Appendix A. Appendix A and the "DETAILS TO BE SPECIFIED BY
THE ACQUISITION ACTIVITY® paragraph at the end of each task
contain no contractor tasking, either directly or implied.
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SECTIOR 2

REFERENCED DOCUMENTS

Unless otherwise specified, the following specifications,

_______ < L 11 B -4 i LT, = 2203

standards, and handbooks of the issue listed in that issue of
the Department of Defense Index of Specifications and Standards
(DoDISS) specified in the soiicitation form a part of this

scanuatu CU cne excunc BPGL’LK.LBU IIBL!:.LII.

Military Standards
MIL-STD-721 D finitions of Terms for Reliability and
Maintainability.

MIL-STD-756

MIL-STD-882

MIL-STD-1556

MIL-STD-1629

MIL-STD-1635

Milit Handbool

MIL-HDBK-189

MIL-HDBK-217

Reliability Modeling and Prediction

System Safety Program Requirements

Mamihees mnaT1 NDaers acem amAd ReeAs o LA
J.t:blllll.bd.l. REVIEeWwS anad Audics 1or
Systems, Equipment and Computer Programs

Test Requirements for Space Vehicles

Parts, Materials, and Processes
Standardization, Control, and Management
Program for Spacecraft and Launch

Vehicles

Technical Requirements for Parts,
Materials, and Processes for Space and
Launch Vehicles

Government Industry Data Exchange Program

Procedures for Performing a Failure
Mode, Effects and Criticality Analysis

Reliability Growth Testing

Reliability Growth Management

Reliability Prediction of Electronic
Equipment
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In the event of a conflict between the text of this standard

and the references cited herein,
take precedence. However,

the text of this standard shall
nothing in this standard shall

supersede applicable laws and regulations unless a specific

: A
exemption has been obtained.
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3.1 DEFIRITIORS

Terms are in accordance with the definitions of MIL-STD-721,
-STD-1521, MIL-STD-1556, MIL-STD-1629, and the following

definitions:

3.1.1 Acquisition Activity. The acquisition activity is

the Government office or agency acqu1ring the equipment, system,
or subsvstem to which this standard is being contractually

S
subsystem to which this tand
applied.
3.1.2 Acquisition Phases
2,1.2.1 Conceptual (CONCEPT) Phase. The cgngeptggl phase

is the initial program acquisition phase that involves the

ident1£1cat1on and exploration of alternate solgt1ons or
solution concepts to satisfy a validated operational need.

2 1 2 9 Noamanegératinn and Ualidation (VAIL.TD) Phase. The

oF e dhoo e o e

demonstration and va11dat10n phase is the program acquisition

3.1.2.3 Full-scale Engineering Development (FSED) Phase.
The full-scale engineering development phase is the program
acquisition phase when the system and the principal items
necessary for its support are designed. fabricated, tested, and
evaluated.

3.1.2.4 Production (PROD) Phase. The production phase is
the program acquisition phase that starts with production
approval and extends until the last system is delivered and
accepted.

3.1.3 Circuit and Item Stress Analysis. Circuit and item
stress analysis relates parts stress to circuit, moduie,
component (unit), subsystem, and system performance and
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reliability, including influence by worst case parameter
variations resulting from environmental effects, radiation
Smidssal ArvavrabkInsg

effects, aging, input and output limits, initial operating
points, and initial tolerances.

3.1.4 Compensating Features. Compensating features are

special inspections, tests, controls, instructions, drawing
notes or other provisions applied to a single point failure mode
item to improve reliability and lessen chances of failure.

3.1.5 Component. A component is a functional unit that
is viewed as an entity for purposes of analysis, manufacturing,
maintenance, or record keeping. Examples are hydraulic
actuators, valves, batteries, electrical harnesses, and
individual electronic boxes such as 'I-rancm1 tters, recelve!s. or

AU A V ANVAUU L CACWLRLILIVIIALWL MUMACUL LDuwuwa: B wa leasaadess - v -

multiplexers. Care should be exercised when the term component
is encountered in other documents since, in some segments of
industry, a piece part is referred to as a component and the
term "unit”™ is interchanged with the term component.

3.1.6 Contracting Officer. A contracting officer is a

person with the authority to enter into, administer, or
terminate contracts and make related determinations and

findings. The term includes authorized representatives of the
contracting officer acting within the limits of their authority
as delegated by the contracting officer.

3.1.7 Correlated or Sympathetic Failure. A correlated or
sympathetic failure is the inability of two (or more) items to
perform their function as the result of some single event, thus
possibly negating redundancy and acting as a single point

failure mode (SPFM) (e. 6., loss of a raceway containing
redundant power leads or a pyrotechnic shock causing parallel

relays to chatter).

3.1.8 Critical Items. Critical items are those items

e A e CricicCal

which require special attention because of complexity,
application of state-of-the-art technigues, the impact of

potential failure, or ant1c1pated reliability probiems. The
following are typical circumstances which would cause an item to
be included on a critical items list.
a. Failure of the item would lead directly to severe
injury or loss of human life.
b. A failure of the item would seriocusly affect

system operation or cause the system to not
achieve mission objectives. (See single point
failure.)
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A failure of the item would prevent obtaining data

necessary to evaluate accomplishment of mission
objectives.

The item has exhibited an unsatisfactory operating

history relative to required performance or
reliability.

.______L_

The item has stringent performance requirements in

its intended application relative to
state-of-the-art.

The item does not have sufficient history or

similarity to other items having demonstrated high

reliability to provide confidence in its
raliahs 13 e

AGLALAGML LAWY o

State-of-the-art techniques are required to
manufacture the item.

The item has an operating, shelf-life, or
environmental exposure limitation which warrants

controlled storage or use.

The item is known to require special processing,

handling, transportation, storage or test
precautions.

The item's past history, nature, function, or
processing warrants total traceability.

The failure effect is the

of the failure mode 1nc1u01ng primary and secondary
onsideration should be given tc long term as well as
ects and should consider all modes of operation.
Local Effect. The local effect is the
(s) of a failure mode on the operation, function, or
he specific item being analyzed.
i . The next higher level

he consequence(s) of a failure mode on the operation,

or status of the items in the next indenture level

ndenture level under consideration.

~ . . A Ad mawm

3.1.9.3 Engd Effect.

a failure mode has on the operation,
highest indenture level.

The end effect is the
function,

consequence(s)
or status of the
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3.1.10 Failure Mode. A failure mode is the way or manner
in which an item fails.

3.1.11 Government Industrxy Data Exchange Program (GIDEP).
The GIDEP is a program for the collection and exchange of

reliability and other technical information between government
agencies and industry. (See MIL-STD-1556.)

3.1.12 GIDEP Alert. A GIDEP Alert is a means of
dissemination of information relating to an item deficiency

which has been encountered, usually concerning parts, materials,
or processes and their application.

3.1.13 Level of Indenture. The level of indenture of an

item is a designation which identifies its relative complexity
as an assembly or function. In a system the first indenture
level is the system. Examples of lower indenture levels could
be system segments (level 2), prime items (level 3), subsystems
(level 4), components (level 5), subassemblies or circuit boards

(level 6), and parts (level 7).

3.1.14 Mean Mission Duration. The mean mission duration

is the average time an on-orbit space system is operational
before a mission critical failure occurs. The mean mission
duration is equivalent to mean time to failure for nonrepairable
ground systems. The mean mission duration can be determined
using the following formula, which may be calculated truncated
at the end of some specified value or truncated at the time the
contractor estimates wear out or depletion of expendables will

occur.

T

Mean Mission Duration = Jrn(t)dt
t =0

where R(t) = Mission reliability model function
T = Time at truncation

3.1.15 Pin-fault Analysis. A pin-fault analysis is a
systematic design evaluation that examines, analyzes, and
documents all potential inadvertent or spurious openings or
closures of current-carrying paths, and determines the effect of
each failure (e.g., analysis of connector pin-to-pin shorts,
pin-to-ground shorts, inductive or capacitive coupling, printed
wiring board traces open or short, and harness wiring opens or

shorts).
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3.1.16 $Single Point Failure (SPF). A single point
failure is any single hardware failure or software error which
results in irreversible degradation of item missicn performance
below contractually specified levels. (The way or manner in
which a single poxnt failure of an item occurs is the single
point failure mode (SPFM) of the item)

- - . e e o o A e M S a - —_— = B - W& 3 s o —_ ——__ WM ® a4 s

S.Lb.17 DNSgR Longivion. A Sneax Cconadicion 15 a conaiction
which causes the cccurrence of an unwanted function or inhibits
a desired function even though all components function properly
whether electrical, mechanical, chemical, or software. Sneak
conditions include:

-~ [~ pee e on Ao ba om wobe & omlm - am me s e e - A [Py W S Al B ammmm ame -—

Qe QilCan paviid, WIlACIlL al€ LuLrLiTluLl pauvad CiialL LCaude ain
undesirabhle function to occur or inhibhit a desgsired
function even though no component failure has
occurred.

b. Sneak timing, which is incompatiblie hardware or
logic operational sequences which can cause an
undesirable function to occur or inhibit a desired
function.

c. Sneak indicators, which are cir cu1ts which allow
improper opefaciaﬁ OT control of sensors or their
chn'l:nu Aavirmrac +hat ran TnAirratra Faleco nr

ra.u] WA YV D iAW W wCiAid e BEGA A AL O P S F A A= A~ N A
ambiguous system status.

d. Sneak labels, which are imprecise instructions or
nomenclature on controls and operating consoles

P e e B L e i e m A o em o em e mm

LlldC iead to UPBIGCUI CLri10xLs5.

3.1.18 System. A system is a composite of equipment,
skills, and techniques capable of performing or supporting an
operational role, or both A complete system includes all
equipment, related facilities, material, software, services, and

perscnnel regquired for its cperation and support to the degree
that it can be considered a self-sufficient item in its intended
operational environment. The term system is also used in this
standard to refer to the highest level of requirements and
resource grouping applicable to the particular contract and
analysis.

3.1.19 Tailorina. Tailorina is the process by which the

individual requirements (tasks, sectzons, paragraphs, words or
phraseg, or sentences) of the specifications and standards are

evaluated to determine the extent to which each requ1rement is
mosSt suited for a specific material acquisition and cne

Ad Firmatrinn AF &hncn a1y ramande o erhaAara namaceaver A A e
(OIS U L O3 - R0 02 4 HMTOT ATYUarIUTMILL ) WICL O uc;\.—cacul.], \.U cliousL T
that each tailored document invokes only the minimum needs of

the government.

O
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3.1.20 Timely. As used in this standard, timeiy
rformance of a task, subtask, or effort is performance at a
me when the results will be available to allow management

ons to be taken to preserve system reliability, and to avoid
minimize schedule delays and cost impacts.

CDR Critical Design Review

CONCEPT Conceptual phase of program acquisition

DCA Design Concern Analysis

ESS Environmental Stress Screening

FMECA Failure Mode Effects and Criticality Analysis

FRACAS Failure Reporting and Corrective Action System

FRB Failure Review Board

FSED Full-scale engineering development phase of

program acquisition

GIDEP Government Industry Data Exchange Program

PDR Preliminary Design Review

PMP Parts, Materials, and Processes

PROD Production phase of program acquisition

RDGT Reliability Development Growth Test

sow Statement of Work

SPF Single Point Failure

SPFM Single Point Failure Mode

VALID Demonstration and validation phase cf program

acouisition

[
(o]

o _ e -~ —_ LI NE ROy (O gy S 'Y
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SECTION 4

GENERAL REQUIREMENTS

The prime, assoc1ate, and subtier contractors shall
implement and ma1nta1n a reliability program that is planned,
scheduled, integrated, and developed in conjunction with other
design, development, and production functions in accordance with

CCSiGa,; LOVT IOl

the contractual statement of work, the requirements of this
standard, and the program plan approved by the acquisition
activity. The contractor shall establish and maintain an

internal system of directives, procedures, instructions,
enari firatinne and manuals tv 1mn1pmpnf the cggt!gctugllv

OPPCUAdbdwOCLAVIIDy CBasws UTRGEWB TR & stz AT -2

required reliability program. The program level of effort shall
be adequate to fulfill the contractual guantitative and
qualltat1ve re11ab111ty requirements, and to support economical

~i 2 s =

’
achievement of overall program objectives.

4.2 QUANTITATIVE REQUIREMENTS

The minimum acceptable item reliability shall be as stated

in the configuration item specification. Quantitative
reliability requirements for all major items shall be stated in

the appropriate section of each item specification. The

quantitative values not defined by the contracting officer, and

those to be allocated from the system requirements, shall be

established by the contractor though trade-off analyses prior to
P | hall ha 1 ynAata’ld FfAr

the Preliminary Design Review {(PDR), and shall be updated for

the Critical Design Review (CDR) and subsequent formal reviews.

4.3 INTEGRATION WITH OTHER REQUIREMENTS

l_ b ] ) SN Pl RN e -“..

Plle

L N S W ] I U _z

The reliability program ef fort
with the design engineering and test programs as well as
configuration management and integrated logistic support. The
reliability program shall also be closely integrated with the
related disciplines of quality assurance; maintainability; human
engineering; system safety; software development; and parts,
materials, and processes control to preclude duplication of
effort and nrndnnn inteagrated cost-effective results.

e A S - aVeMMWww asswwyg

4.4 INTEGRATED EQUIPMENT

Where items such as government furnished equipment or
directed source hardware are to be integrated intc the end item,
known or estimated reliability predictions and analyses for

)
-
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predictions and other analyses. Reliability related problems
introduced by inclusion of such items shall be identified to the

contracting officer.
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The detailed requirements are contained in the following

task descriptions.
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SECTION 100

PROGRAM SURVEILLANCE AND CONTROL TASKS
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TASK 101

RELIABILITY PROGRAM PLAN

101.1 PURPOSE

The purpose of Task 101 is to require the contractor to

develop a reliability program plan which identifies and
1ni~porai~pc all program tasks reguired to accomplish contractual

rellab111ty requ1rements.

101.2 TASK DESCRIPTION

[N
=
Q
o
ﬂ
=2
o
M b
ow

ram plan shall b

(]

A description of how the reliability program will
be conducted to meet the tailored requirements of

thia cbtanldarAd enornifFiad in ha ~Aantrasd arnd &~
Tl S<tangargd as OPTCLULLATU A2ill LT CUmLILAdLL, Gaiiu LU

ensure that gquantitative reliability requlrements
are met.

how each reliability

~AAAAAR ce e mad Lamlem
aGaGeG or I(IUULLLCU LGD!\B'

&

t o nplied with, including
est1mated t1me phas1ng. The purpose and expected
results of each task and the planned methods for
monitoring, assessing, reporting, and taking
appropriate action regarding the status,
accomplishments, and problems shall be described,
A description of the contractor's organizational
element assigned responsibility and authority for
i e reliability program tasks. Key
i all

2o
ml
wn
@

function. The plan shall identify common users,
earliest requirement, and variations in content and
format for each user. Common requirements of the
functional areas listed in paragraph 101.2.1.e as a
mimeamirm eohall P moamend AAacmad Aow et smesomon -

LA RAANIMII QIIG A4 MUT LUIIDAUTILITU. Nno aili cAﬂlllyJ.c, d
computer-aided engineering data base would be used
to obtain application data for use in performing a

reliability prediction.

17
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(1) Quality assurance

(2) Human engineering

(3) System safety

{(4) Part, material, and process controls
{5} Maintainability

(6) Logistic support analysis
(7) Design engineering

(8) System engineering

(9) Software deveiopment

{10) Test engineering

(11) Manufacturing

f. A procedure for maintaining a list of items having
the greatest 1mpact on rellabiiity, including
known reliability problems. For each item on the
list, the contractor shall also list an assessment
of their impact on meeting contractual reliability
requirements and any actions being taken to ensure
that the items do not preclude meeting contract

requirements.

Description of design quidelines and parts

derating criteria, and the method for their
dissemination to design personnel.

\Q

h. The reliability program plan shall describe the
contractor's methods of controlling subtier
contractor reliability. The reliability program
plan shall include a list of subcontracts which
contain quantitative reliability requirements OF

require a formal reliability program.

101.3 DETAILS TO BE SPECIFIED BY THE ACQUISITION ACTIVITY
(Reference paragraph 1.2.2)

101.3.1 Tailoring of the required reliability tasks.

of a Product Assurance or System Effectiveness Plan.

101.3.2 If the reliability program plan is to become part

101.3.3 Any data item to be delivered as a result of this

k should be specifisd om a DD Form 1423. Applicable data
m
au

€or thig tagk are listed in Appendix E. Normally the

L1~ - wiE s e ST =22 S Yr B

L I g ol ]

s
eliability program plan and initial lfst of reliability impact
tems (paragraph 101.2.1.f) are required with the contractor's

t
i
re
i
proposal.
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TASK 102

MONITORING ANRD CONTROL OF SUBCONTRACTORS AND SUPPLIERS

102.1 PURPOSE

The purpose of Task 102 is to require the prime contractor
to perform appropriate surveillance and management control of
subcontractor and suppliers reliability programs so that program

progress can be monitored and timely management action taken
when warranted.

102.2 TASK DESCRIPTION

The contractor shall ensure that subcontracted

102.2.1
items obtained from first and all lower tier suppliers meet
reliability requirements compatible with required system
reliability. Intra- company work orders shall be considered

h sl -~ L oA aV2aeea
subcontracts. Compl e wi id as oes not relieve

\'UIIIH&LGIICG wa il LII.LO Caon uwvcecd
prime contractor of resnons1b111tv for the agglitv and

f'l'
(l

re11ah111ty of all material delivered as a result of this
contract.
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ocumentation s 1
requirements of this standard. The contractor'’s documentat1on
shall be subject to review and disapproval by the contracting
officer. All subcontracts requir1ng elements of this document
to control the subcontracted item's r shalil 1ncxu0e
Prgviginns for on eita review and ev

YV o e aa - wa waa e ww

T
m

w2

o

re
tor's methed
ility. The program ,
subcontracts which contain quant tative re11ab111ty requirements
or require a formal reliability program. This list shall be
maintained current and available for review at the contractor's

The contractor shall:

a. Ensure that subcontracted items are defined by
specifications, drawing, and tecnn1ca1

AAnrmumantabiam S;mmaleeAddmo mosmmasd oo -
UULCuniuLaLiAavil JuaLiauuiny uumc&.&bdl LcL.LdD

ility
requirements consistent with system reliabili
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c. Require and ensure that subcontractor reliability
tasks are performed in a timely manner.

a. Review subcontractor's reliabhility prediction and
analysis for accuracy, proper approach, and
ablility to meet required reliability requirements.

e. Ensure that subcontractor‘s have a vigorous closed
100;‘- failurs tvyol.tiug and corrective action
system (FRACAS) to eliminate causes of
unreliability.

f. integrate the subcontractors FRACAS data with the

(U SN Y S R I EDAIf A LS
yl..LulB L—UHLLGL«LUL [- . [~ 3

g. Ensure that sufficient testing is performed on
subcontracted items to support the system
reliability demonstration.

102.2.5 The contractor shall have a system for identifying
problems which may prevent subcontractors from meeting
reliability requirements. The contractor shall notify the
contracting officer when such problems exist and indicate
actions being taken to resolve the problems.

102.3 DETAII.S TO BE SPECIFIED BY THE ACOUISITION ACTIVITY:

102.3.1 Note that Task 104 is a prerequisite for specifying
tasks 102.2.4.e and 102.2.4.f.

20



Downloaded from https://www.everyspec.com

MIL-8TD-1543B (USAF)
25 OCT 1988

) TASK 103
PROGRAM REVIEWS

103.1 PURPOSE

The purpose of Task 103 is to establish a requirement for
the contractor to conduct reliability program reviews at
specified points in time to ensure that the reliability program
is proceeding in accordance with contractual milestones and that
the system, subsystem, equipment, and component quantitative
reliability requirements will be achieved in delivered
equipment.

103.2 TASK DESCRIPTIOR

103.2.1 The reliability program shall be planned and
scheduled to permit the contractor and acquisition activity to
periodically review program status. Formal review and
assessment of progress in meeting contract reliability
requirements shall be conducted at major program reviews
specified by contract.

, 103.2.2 The contractor's reliability personnel shall
participate in contractor and subcontractor design reviews,
PDRs, CDRs, and in internal design reviews, such as pre-PDRs,
post-PDRs, and pre-CDRs of an item. Results of these design
reviews shall be recorded, and shall be available to the
acquisition activity for detailed examination at the
contractor's or subcontractor's facilities during the term of
the contract. Contractor and subcontractor PDRs, CDRs, internal
design reviews, and design audits should include:

a. Status of all applicable reliability tasks at the
time of the review, including progress on the task
and results to date.

b. A review of current and potential reliability
problems, potential impact on the program, and
plans for their resolution.

c. The reliability content of specifications, and the
ability of the current design to comply with
reliability requirements.

103.2.3 The contractor shall develop and apply a procedure
to document and follow-up on design review decisions, action
items, and agreements to ensure that the design reflects the
results of design reviews.

21
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103.2.4 The contractor shall notify the contracting officer
of design reviews at least ten working days prior to the
review. The acquisition activity reserves the right to have
representatives attend program reviews as an active participant
and to attend internal and subcontractor reviews as an observer.

103.3 v

(Reference paragraph 1.2.2)

(R) 103.3.1 The contract should specify major program reviews
indicated in paragraph 103.2.1. This is usually done through
the use of MIL-STD-1521 as a compliance document in the SOW.
When MIL-STD-1521 is contractually specified, the requirements
of this task may be fulfilled by appropriate tailoring of

MIL-STD-1521.

103.3.2 Any data item to be delivered as a result of the
task should be specified on a DD Form 1423. Applicable data
items for this task are listed in Appendix E.

22
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FAILURE REPORTING, ANALYSIS, AND CORRECTIVE ACTIOR SYSTEM
(FRACAS)

104.1 PURPOSE
The purpose of Task 104 is to establish a closed loop

failure reporting system. This faiiure reporting system shall
include procedures for recording and ui‘u‘il'y’a.l.b of each failure to

determine its cause, determination of actions necessary to
correct deficiencies in the failed hardware, determination of
actions necessary to eliminate the cause of the failure,
verification that the corrective action, as implemented, is.

adequate to correct the problem, and to ensure that all action
are properly documented.

104.2 TASK DESCRIPTION

104.2.1 The contractor shall maintain and shall require
subcontractors to maintain a closed loop FRACAS as required in
this task dper'rnnf\nn- Data from the subcontractor‘'s FRACAS

wesaw L2 R a - ~-=SVac s

shall be 1ntegrated into the contractor's FRACAS. Procedures
developed to implement this task shall be integrated and
coordinated with procedures developed for handling nonconforming
items and corrective action under the quality assurance program
rpuulrpmpnt—c of the contract.

= TNCc e 22T VLA AECSS S

104.2.2 On qualification and production hardware and
software, failures and anomalies shall be reported at all levels
of test and inspection after first application of power at

lowest level of assemblv Fach failure shall f°qulre

- TV SSSTianaray o Gwas  a

investigation for cause (failure analysis) and corrective
action. An unscheduled adjustment, other than a calibration
made during maintenance actions, shall be considered a failure
for the purposes of the FRACAS. Piece part failure analyses

shall be incorporated into the FRACAS. Failures of equipment
underqgoing reliability development urowth testing (RDGT) shall
be included in the FRACAS. Functional failures caused by
software or hardware to software interfaces shall be included in
the FRACAS and be subject to the same failure analysis and

corrective action processes.

104.2.3. Failure analysis shall be conducted to the lowest
level of indenture necessary to identify the failure cause and
mechanism. The analysis shall begln with an on-the-spot review
by reliability or qua11ty enq1neer1ng supervision and the

responsible test engineer this review shall be conducted prior
to removal of the failed hardware from the test setup, unless
removal of the hardware is required for safety. The failure

23
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analysis shall include evaluation of potential overstress of
other parts or components due to the failure. Failure analysis

shall be planned to minimize the probability of improperly
a
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104.2.4 In order to allow acquisition activity
participation in the failure analysis, the contractor shall
not1fy the contractlng offlcer within one working day of system
level, mission or schedule critical failures.

item, eliminate the underlying failure cause, and prevent its
recurrence. Corrective actions shall be coordinated with design
engineering, quality assurance, manufacturing and with other
activities, as appropriate. Corrective actions shall be

=a=CLS e S vavaal

implemented in a tlmely manner. Adequacy of corrective actions
performed shall be verified through appropriate testing
including as a minimum, rerunning the test in which the failure
originally occurred. The failure report shall not be closed

nndéil ﬂﬂfrnﬂ.—'l“n ar-f-1nne are imnlaman l-nﬂ +thaoir :\t‘nnnnﬁv
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verified, and approval of the acgu1s1t1on activity is obtained.
All failures shall be resolved prior to flight.

104.2.6. All hardware with the same configuration as the

failed item shall be considered suspect and suitably
controlled. Serialized suspect flight hardware shall be

addressed by serial number in corrective action statements.

104.2.7 The contractor s FRACAS shall contain a suspense
audit system including assignment of suspense dates for failure
analysis, corrective actions and follow-up when suspense dates

are not met. Delinquencies shall be reported to the program
management level, and addressed at program management reviews.

104.2.8 The contractor's FRACAS shall have provisions for a
neriodic analvsis and summarization of FRACAS data to identifvy
r\-'. & W eh & w UIIH‘J [~ N~ WaSA P WAS Nl e i 88 W e AN AS N B e ANE ANAE AN WA A W WS A ‘-U\'ll“&l
trends, recurring failures and open and closed failure reports

that could significantly affect reliability performance,
schedule or cost for presentation to program management. The
contractor shall use appropriate statistical techniques

crymma rd » s amalerws e arndA mracantinsa Sha Aaéka Tha " el o
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shall detect trends in failure causes as well as hardware and
software configurations in all levels of assembly, test, and use.

RACAS records shall include the
mum
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a. Date of the failure.
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Identification of the failed item including part
number, nomenclature, and serial number.

Description of the test conditions at the time of

failure includ1ng identification of test procedure

and revision, test paragraph, environmental

conditions, and previous environments the item was
subjected to, if pertinent.

Py - 2 Py P - - < -~
of the item under test at the time of
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s of attempts to repeat failure, when
able.
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Signature of the person verifying the failure

nherent cause of the

.‘\—/(
o

k. A statement regarding

i. Identification of the part or parts that failed.

iure.

pude

fa

the effects of the failure

o]

°

and failure analysis on the failed item under test.
h
) 3

LB

f redundant, an assessment
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failure on the upcrauluﬁ Or ¢

redundant path.

oo
oo

Identification and location of flight hardware
with the same configuration as the failed item

Y- | i, T merAeem o e o en e

iinder test. This hardware is considered
A description of corrective actions taken with the
failed item under test and other suspect hardware,

scheduled accomplishment and appropriate
concurrences.

A description of corrective actions taken to
eliminate the failure cause and prevent its
recurrence, scheduled accomplishment, and
appropriate concurrences.

n to verify corrective actions

e extent of retest, the results, and
the signature of the individual verifying the
corrective action.
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Inuustry Data Exchange Proqx’am (GIDEP) to the extent necessary

to generate ALERTs and receive ALERTs from the GIDEP COperstions
Center. The contractor shall screen ALERTed parts against his

parts list. The contractor shall notify the contractlng officer
of the usage of any suspect part, describe its location and
usage in the system, the effects of its failure on the system,

and actions taxen to m:u:zga:e these effects or reduce the
probability of fasilure. The contractor shall bs able to
identifv and locate suspect parts n’n*nrngggt_'eg into hardware.

LA A P { Senw AV ESESS Swmep - - _———w =

Investigations of ALERTs shall be addressed at parts, materials,
and processes control board (PMPCB) meetings.

104.2.11 To implement the FRACAS during testing of research
and advanced develcpment nonflight and pregualification
hardware. logs shall be maintained of significant events,

dlscrepanc1es and failures These iogs shall represent a
omplete fa11ure and d1screpancy h1story of each 1tem. These

...... L Qosmn mmddmemes alvam b AlTimismaba

.
corrective actions tsken to eliminate fai

104.3 DETAILS TO BE SPECIFIED BY THE ACQUISITION ACTIVITY
(Reference paragraph 1.2.2)

104.3.1 The requirement for the proposal to inciude an
estimate of the number of failures expected by program phase and
the bhasis for the estimate for use during negotiations should be
included in the request for proposal.

104.3.2 Any data item to be delivered as a result of this
Y P T 1 T T 2B mem - TATY T cnem 1 47970 Aemwn TS mahla Aaba
TAdSA SNUULlU DE DSpeCllLitu Vi 8 VU ULl 124L0. AppliILdAdUAT UGLGa
items for thig task are listed in Appendix E.
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The purpose of Task 105 is to establish a failure review
board to review failure trends, significant failures, corrective
action status, and to ensure that adequate follow-up and
corrective actions are tsken in s timely manner and a
recorded .

- - ———
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review failure trends, significant failures, delinquent
corrective actions, and ensure adequate and timely corrective

actions. The FRB shall meet regularly, normally weekly, after
occurrence of the first reportable failure. All failure
occurrence information shall be availabie to the FRB. All
arvisd n'lnaoc- - :n?rnty:1 h\r l-hn R The FRB

.. w o~
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shall monitor the status of corrective actlon implementation.
Minutes of FRB activity shall be recorded and kept on file for
detailed examination by the acquisition activity during the term

of the contract.

105.2.2 Contractor FRB members shall include representatives
from system engineering, design engineering, reliability, parts
engineering, materials and processes engineering, system safety,
manufactur1ng, and quality assurance as a minimum. The
acqulsltlon acc1v1ty reserves the rlgru: to E?P(‘)iﬁc a
representative to the FRB with right of disapproval of FRB
decisions. The chairman of the FRB shall have sufficient
authority to resolve conflicts between members and to ensure

prompt and effective implementation of corrective action.

105.2.3 This task shall be coordinated with procedures for
handling of nonconformn’m material and corrective action

requ1red by the quality assurance provisions of the contract to
ensure there is no duplication of effort.

105.3

AR P Sy S el § 4 9 =

105.3.1 Task 104 is a prerequisite for specifying this task.

105 3. 2 Specify the organizational level of the FRB

s
Ao mvnee adea

~ - ) NP,
man, nen appidpriace.
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TASK 201
RELIABILITY MODELING

201.1 PORPOSE

The purpose of Task 201 is to require development of a

reliability model to be used for makxng numerical apportionments
and reliabi‘it" predictions from the system through component
levels.

201.2.1 The contractor shall develop and maintain a
reliability mathematical model based on system, subsystem, and
equipment functions., for the system and for each configured item

required to perform the mission functions. Models shall be
developed using the methods defined in MIL-STD-756 or unique

methods appropr1ate for contractor equ1pment. A reliability
______ mensd eneasoadas
ik

block diagram shall be developed and maintai

The model chall he made to the component leve
and shall include probability of success with assoc1ated fallure
rates. The reliability block diagram shall be traceable to and
cross-referenced to the functional block diagram, scnemat1cs and
drawings. The physical location of redundancy switching circuits
shall be clearly identified in the model. Nomenclature of items

A e w e e @ -

used in re11abil1ty block dlaoram shall be consistent with that
used in functional block diagrams, drawings, schemat1cs, weight

statements, power budgets, and specifications. The reliability
mathematical model shall be updated with information resulting
from FMECAs, reliability tests, other relevant tests, changes in

item configuration, mission parameters, and operational
constraints. Inputs and outputs of the reliability mathematical
model shall be compatzble with the 1nput and output requ1rements

of the system, subsystem, and component ievel analysis models.
The model shall include software, and software to hardware

interfaces, as necessary to define mission re113b1lity

201.2.2 The model outputs shall be expressed in terms

compatible w ith contractual reliability requirements and other
reliability terms as specified.
201.2.3 When specified in the SOW, models shall be

developed for alternate and degraded operational modes and to
support logistic support analysis.

201.3 EIA LS IQ BE SPECIEIED BY THE ACQUISITION ACTIVITY

(Reference paragraph 1.2.2).
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201.3.2 Identification of numerical reliability
requirements, mission parameters, and operational constraints.
201.3.3 Level of indenture to wnich model should be
AnwvwalAanad 1 Ff Abhar Fhan ~amnanandt Yawvad
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201.3.4
(refer

Identification of alternate model requirements
ence paragraph 201.2).
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item to bs delivered as a result of this
task should be specified on a DD Form 1423. Applicable data
items for this task are listed in Appendix E.
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The purpose of Task 202 is to ensure that quantitative
system reliability regquirements are allocated or apportioned to
lower levels of indenture,

202.2 TASK DESCRIPTION

202.2.1 Quantitative contractual reliability requzrements
a1l | SN A1TTAamab~Aad &bm Sha ~AameAs s d MV Acema -~ - VTV mecemar @ & ooomomoese o ecnes
DiiC 4 A | 94— Gld iLULLALTU ww (Y L4 “VilpViIcl L ACYC LA Vi AUWCTL .LL llcbcbbdl]
to determine a reliability requirement for a configured item

specification and shall be used to establish basellne
requirements for designers and subcontractors. Requirements
consistent with allocations shall be imposed on the
subcontractors and suppliers by inclusion in item procurement

et £ mnd A

SpTLiLILILALAVIID .

2 All allocated reliability values established by the
and included in contract item specifications shall be

uile
(0]
t

3 The reliability allocations shall include all

N
o
N
N

202.3.2 Any data item to be delivered as a result of this
e Ve P T I | T o o om - £2 Al - - L 2% 2 YR - PR T anmn | YO TR W % _ A _
LAadDdA Dilvudu uc DPGDLLLCU Il a VU roOlLil 19.45. Appll'dnle adaca
items for this task are listed in Appendix E,
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RELIABILITY PREDICTIORS

202 1 DITDDNC R
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The purpose of Task 203 is to estimate the reliability of
the system and to determine if contractual reliability
requirements can be achieved with the proposed design.

203_2 TASK NESCRTPTION

203.2.1 The contractor shall perform reliability
predictions for all items using methods approved by the
contracting officer. Predictions shall account for and

I\ﬂﬂ"ﬂ.’ A aa Aaf
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the item specification and the reliability program plan. The
probability that the system can perform the required mission
shall be determined as a function of time for the period from
initial use through design life or wearout. This prediction
shall include alternate missions and modes of operation. The
resulting data shall be presented in tabular and graphical
formats. The contractor shall perform these predictions using
the associated reliability mathematical model and reliability
block diagram. The contractor is encoutaged to use models and
failure rates unigue to the equipment, subject to approval of
the contracting officer.

na In
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203.2.2 The reliability prediction shall include
predictions for software and firmware reliability as related to

system reliability.

203.2.3 When a Failure Mode., Effects, and Criticality
Analys1s (FMECA) is required, results of the FMECA shall be
reflected in the predictions. Items excluded from the
prediction as mission nonessential shall have substantiating
FMECAs which verify that the item failure cannot cause mission
failure. Prior to such exclusions from the predictions, an

assessment shall be made relating functioning of the item to

system performance and approval shall be obtained from the

contracting officer. Exclusions shall be clearly identified in

all analyses and predictions. Usage of operational duty cycles
arnrmnrarral ~ & &=t

of less than 100 narcent shall reguire
~ A e AARASS PRV AY] P R A T ] P AACA A 4 a-c\‘u.l.a-c uyy&uvﬂ
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contracting officer and be clearly identified in all analyses
and prediction.

203.2.4 Predictions for electronic equi pment shall be made
using the methods and failure rates contained in MIL-HDBK-217,
or a]f-nrn:ﬂ-ivne annrnvoed hv +ha ~Antrarcrt-ina nffFirmrar
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Predictions for mechanical, electrical, and electromechanical
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equipment shall be made using NPRD-3, contractor data. or other
alternative data, subject to approval of the contracting
officer. A probabilistic approach to design and reliability
prediction shall be considered for mechanical items for which
stress and strength relationships can be estimated. The failure
rate adjustment factor for standby operation and storage shall
be submitted with substantiation to the contracting officer for
approval. A standby failure rate adjustment factor of not less

than oés shall be used for failure rates of one or less failures
per 10° hours.

203.2.5 The Mean Mission Duration for the system shall be

predicted truncated at the end of the expected mission life and
truncated at the end of useful life (e.g., at the point in time
that the contractor estimates wearout or depletion of

203.2.6 For spacecraft, as part of the reliability
prediction, an end-of-life prediction shall be made. The end of
life prediction shall be made in a probabilistic sense
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(reference paragraph 1.2.2)
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03.3.2 Any data item to be delivered as a result of this
task should be specified on a DD Form 1423. Applicable data
items for this task are listed in Appendix E.

203.3.3 Any items, other than the system, for which the
mean mission duration should be calculated.

203.3.4 The failure rate adjustment factor for standby

o ___a s

203.3.5 Failure rates or predictions for government
furnished equipment.

3.3.6 Identification of item 1ife profile and mission
S

36
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TASK 204
FAILURE MODES, EFFECTS, AND CRITICALITY ANALYSIS
(FMECA)
204.1 PURPOSE
204.1.1 The purpose of Task 204 is to determine and
document all possible failure modes and their effects on mission
success throu gh a svstemetic analvsis of fhn dnﬂ*nn The

in a timely manner and to foster 1nter9hange of design
information with other program activities such as system safety,

L WPy Wy

instrumentation, test, and other reliability analyses.

204.1.2 In addition to the above, the FMECA shall be used
for the following specific purposes:

a. To ensure that an organized and exhaustive effort
ha ha afa A 3Aand e a1 £ ad ae Py Ty N
Na8s8 088n maGs tTo LUGII\-LL’ GAd LCGA Lu&ﬂ lIlUuBB ’ viliagc

their mission effects have been determined, and
that either corrective or compensating action has
been taken or that the risk to program success
associated with no further action is acceptable
and approved by the contracting officer.

b. To identify single point failure modes (SPFM) and
define their effects.

c. To identify those areas of the design
redundancy for critical functions shou

1mplemented.

a. To identify compensating features for those single
point failure modes whose elimination is
impractical.

e. As an aid in identifying functions, including
redundancy, which are not or cannot be tested.

g. As a basis for establishing and updating a
cal items list and critical item control

~J
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h. As an input to reliability modeling, predictions,
and assessments.

i. As an iterative design tool to achieve the most
reliable design consistent with program objectives.
j. As a design evaluation tool for use in selecting

the optimum design from competing design
candidates and as inputs to design trade-offs.

k. As a diagnostic tool during mission planning,
testing, and operations.

1. To assure that the effects of failures and their

criticality on personnel, equipment, and
facilities are analyzed and documented in
accordance with the definitions and criteria for

the system safety hazard analyses of MIL-STD-882.

1nspection, test, and quality control planning for
manufacturing.

204 2 TACE NPCrDTYTDTTANM
LoV @ din
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204.2.1 The FMECA shall be conducted in accordance with
this task and MIL-STD-1629. Tasks 101, 102, and 105 of
MIL-STD-1629 shall be petformed. The major thrust of these
analyses shall be identification and elimination of, or
compensation for, failure modes to improve reliability.

Emphasis shall be placed on eliminating SPFM by design, or where
elimination is not feasible, on reducing SPFM likelihood or
impact by incorporating compensating features. All corrective

W
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other compensating features described in the FMECA shall be
incorporated into the methods which the contractor establishes

for critical item control as required by this standard.

204.2.2 The system under analysis shall include all
contractual items, equipment supplied by subcontractor and
associate contractors, and integration activities required by
the contract such as those related to Government furnished
equipment. The FMECA shall include electrical, electronic,
mechanical, thermal, electromechanical, hydraulic, pneumatic,
ArndI~al ek vrivmbnnral nranit1es Aan and Ardnanme miocetsAan hardwara
be&\wu&, wLeiUVooLULGLy y;vyusosvn;, A SENA AVAMGIANCYO MMA DDAV A0CG ANAWE LG ¢

204.2.3 1In addition to hardware failure modes analyses, the
FMECA shall include consideration of potential system failure
due to software, test equipment and procedures, human error,

mvmm el nemaTl cmmmmmmsler oo [ I s P T P Ty i S . S 4
vpeELAadLiIVIIal pruLtTuuilCDh, &anad i10SsS OT \,ucuge -I.ll ClidIacCts8riscics Or
innuts.
nputs.

204.2.4 Mission Phases. The FMECA shall be conducted for

all phases of a mission including prelaunch (launch
preparation), launch, transfer orbit, orbit 1njeetzon,
1¢2)1 Anarad naﬂq‘ni ol - ~e '\it

nﬂ"'l{ sde3 a1 rh 4 n »
UI—\‘U DLD-&UII' l.v‘-l‘lu‘ v‘u“.u‘ Vt’vbu\-AVIl' & CGUN u&ﬂ&b&vll’ A ¥

changes, and reentry, as these phases are defined in the
applicable system requirement document. Even though the
contractor's hardware may function during only a limited portion
of the mission, the effect upon interfacing hardware during
haoca mhascsae amA haea AafFFfFamnt tirmAan ot homasmsand Arnacadiam A8 &lha
LIITOT pIIGOTO aiisa LIS TLALTLU L UPUILI DUUOTYULTIIL VpyTlrLawviV VL LIS
contractor's hardware shall be determined. Emphasis shall be
placed on critical portions of the mission where reliability

estimates provide little information, such as the launch portion
of a satellite mission.

204.2.5 Bpystem Operating Modes. The FMECA shall be
conducted for all modes of system operation including normal
operating modes, contingency modes, dormant modes, back-up
autonomous, nonautonomous modes, ground controlled modes, and
Cfaﬁgitlon between modes as these are defined in app.ucanle
system requirements documents.

204.2.6 Failure Modes Analyzed. In addition to the
failure conditions cited in Task 101 of MIL-STD-1629, failure
modes identified in the following shall be incorporated in the
FMECA.

204.2.6.1 Redundancy Effects. The effect upon the system
resulting from redundancy management shall be included.
Interfaces and isolation techniques for redundant elements shall
be analyzed to ensure that the desired redundancy is not negated

Ano i-n Fns'lnrn Af anyv inktarfarmae Ar 1enlabtian tamnhntsnuas
e GidiaUdY VA QGisy AMVOLLCGWCOD o dDVALQLALVI LoLililiiyuco
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(especially wiring and other circuit paths). Redundant elements
which are not independently testable shall be regarded as
potential single point failure modes. Typical factors include
the following:

a. Malfunction signaling, sensing, logic, and switching

b. Effect of subsystem selections

c. Ability to ch

-
X

pde
[
[

d. Failure detectability in operation
e. Effect of correlated or sympathetic failures

SESENAE Y W e WA W

g. Effect of early or late time-out or time-in events.

204.2.6.2 Related Activities. The FMECA shall include
failure modes detected by related analyses, investigations,
tests, reviews, and other studies. Failure modes identified
during the following activities shall be integrated with the

FMECA as specified below:

L4 0t 28 : s : g K mmls ANC s £
a. The circuit and item stress analysis, Task 206, if
.
applicable.

b. Dynamic analyses, analyses of structures, and
mechanisms that are conducted in the performance

- s ) TN P N Y. 1
QL 'Cnu conviaceu.

c. Test failures, inspection discrepancies, GIDEP
alerts, information on operation of similar
equipment.

a. System safety analyses.

204.2.7 Failure Detection. Emphasis shall be placed on

those conditions where timely action is required, in particular,
those failures which, if left alone, would progress to an
uncorrectable state and cause mission failure.

204.2.7.1 Flight Detection. The FMECA shall verify that

instrumentation, including telemetry, is provided for purposes
of in-flight failure detection. The FMECA shall verify that the
instrumentation is adequate to support redundancy management,
and provides for isclation of failure to signif1cant functi
elements. When the same telemetry indicator is used to repr
more than one potential problem condition, the FMECA shall

[
(=]
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define the effect of misinterpreting the indicator and

Lo & 223230 523538 SSS5T5%S -—-—-—---——'-

correcting for the wrong condition. For vehicles where command
and control is possible, time limits from detection‘of a problem
to implementation of corrective action shall be defined.

204 2 7 2 Cround Tact and Chackaout The FMECA sghall

TR o a0 T o de AT & dAainpsn

verify that system functions are testable to ensure satisfactory
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Iypes of FMECAS
sted in the followzng subparagraphs. These FMECAs
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when system complexity requires analysis from the initial

indenture level downward through succeeding indenture levels.
All system functions, including electrical, electronic,
mechanical, structural, chemical, ordnance, command, te

e
anAd anflerara ahall ha $3an &--'n‘-:nﬂ T:m 2aAAIEIAN A Fha rad,
QiU OVALLWGLET DTG 4 A 94— AVUMGCIAL AL AT PX 1) CGiU 4 LAV L “Cares & T
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etr

undanc

contained in each. The contractor shall develop a functional
eable

arch,

block diagram of the system or applicable portions, trace
the corresponding equipment. The contractor shall, by se
analysis, or simulation, determine the effects on system
functions of single failures in accordance with the requirements
of this standard. The analysis shall include the response of
the system to failures where the ability to restore full system
function or preserve partial system function by the use of
redundancy or by other action may depend upon the elapsed time

since the failure. Examples of these kinds of failures include
+hnanca whirh 1aad +a ~rantral inctrahili v cve ~Y13irr +fharmal ar
S AANS oI o “ll‘\rll b N BA WA " W WS AA N & A -3l WA A A A bl Y 4 - A bllv&lllu‘ AR 3

P A
mechanical stress, or leakage of propellants. The functional
FMECA shall make provisions for different levels of analysis
based on the mission phase and function criticality for which
the function is being analyzed.

204.2.8.2 Hardware FMECA. As the design progresses, the
contractor shall perform a more detailed FMECA, based on the

physical designs of the system, subsystems, and components being
analyzed. The analysis shall be performed down to the piece
part level in the priority established by the criticality
classification of the mission functions. Piece part failure
modes shall be analyzed when necessary to identify a component

41
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failure mode, its cause, or its effect. A component FMECA shall
be performed on each component regardless of whether or not the

an AA-_LA_

componenc or its function is redundant in the sysctemnm.

redundant components, the FMECA shall be in sufficien h to
identify failure modes that can influence redundancy
implementation.

204.2.8.3 Inig;ingg_fﬁiﬁa. The contractor sn i1 identify
and analyze all of the interfaces at all levels of hardwars.

The contractor shall develop a functional, hardware related,
block diagram of the system, or applicable portions, traceable
to the corresponding equipment. Failures in any one subsystem
component or 1nterconnecting circuit which cause thermal,
electrical, or mechanical damage or degradation to any other
subsystem or component, or within the component, shall be
identified. Any interfaces between the space vehicle and
payloads shall be included. The analysis shall include software
interfaces that can have an impact on mission success.
Pin-fault analysis shall be conducted as part of this FMECA.
204_.2.8.4 Product Desian-manufacturinaga FMECA. The
contractor shall analyze the manufacturing documentation, such
as circuit board layouts, wire routings, connector keying, and
hardware implementation of the design to determine if new
failure modes have been introduced as a result of production
implementation of the design. The FMECA shall be performed

PR R AL~ Ry - 22 P2 22 - LA Y e

initially from design draw1ngs and shall be updated by reference
to current manufacturing work instructions.

204.2.8.5 ngge_mle_ln:egmlp_n. For the purposes of

cetrandarad Voerv Larae Scale tegrated Circuits lVT.ST(‘\i

l-‘
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Very High Speed Integrated Circuits (VHSIC), Custom Large Scale
Integration (CLSI), and Hybrid Semiconductor Devices shall be

considered to be components. Hardware FMECA (paragraph
204.2.8. 2) and product design-manufacturing FMECA (paragraph

2na 2 0 hall K 1 3
204.2.8.4) shall be performed on these gdevices. Early emphasis,

at or prior to PDR,; shall be placed on hybrids, on devices newly

de51gned or modified for the system, and on devices with no
history of successful use in similar applications.

204.2.8.6 Sneak Analysis. As part of the Functional
FMECA (paragraph 204.2.8.1) and Interface FMECA (paragraph
204.2.8.3) the contractor shall apply the functional clue 1list
(Appendix B.) to identify sneak conditions. The analysis shall
employ a systematic approach to ensure that all system functions
are performed when and only when required and that any sneak
conditions are identified. As part of the hardware FMECA the
contractor snall apply the design clue 1list (Appendix C) to
identify design related sneak conditions.
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204.2.9 Timeliness. The FMECA shall be performed in a
timely manner, that is, at such time in the flow from concept to

end system use that the FMECA may effectively fulfill the
purposes stated in paragraph 204.1.2. The analysis shall be

a\,hcduled and ccm?lakod ccpcnrre..t'lv m1&h fhﬂ dnn{nn Qf‘hf" g0

that the desiagn reflects the results of the analvsis. The FMECA

shall be maintained current with the design and other program
activities.

204.2.10 FMECA Update and Review. Changes to the design,
fabrication, packaging, procedural, or other activities shall
rgqu1re an update of the affected portion of the FMECA and

itical Items List. This update shall be accomplished within
30 days of the change. The FMECA shall be updated whenever
testing reveals a failure mode that was not included in the
FMECA analysis.

204.2.11 Mission Readiness Review. After CDR, the FMECA

shall be reviewed for each space vehicle and launch vehicle.
These FMECA reviews shall be conducted in conjunct1on with each

2 omm memd el e adlmace

appllcable hardware technical audit and mission readiness
raviaw Acs a result of each FMECA review, the FMECA shall be

ATV &SV . SR U A WD HMAw Wa wikawes acasiwss SYLCW; w23

updated as necessary to include an analysis of all changes to
the design, test results to date, and the as-built configuration
of each spacecraft and launch veh1c1e. All new s1ngle point
failures shall be listed and reviewed to ensure each is
eliminated or the mission effects reduced in accordance with
paragraphs 204.2.12.1 of this standard. The effectiveness of
each s1ngle point failure correction shall also be reviewed and

the residual risk reported.

204.2.12 FMECA Data

204.2.12.1 Single Point Failure Modes (SPFM). The
contractor shall identify all SPFMs, classify each by severity
of mission impact, and present the results at all design
reviews, technical audits, and mission readiness reviews.
Mission critical SPFMs shall be eliminated from the design or

A W mWwes wWe e wawma Mo asew weslaa - =il Q LTS

their mission effects reduced to the lowest practical level. The
contractor shall develop and maintain a current listing of all

SPFMs characterized by mission impact, probability of
occurrence, and practicality of correction. The contractor

shall recommend compensating features in the form of design,

manufacturing, or other corrective actions to eliminate or
reduce the mission effects or probability of occurrence of each
SPFM. Justification shall be given for each single point
failure that is not detectable during ground test and checkout.
This record shall be available for inspection by the Government

on remest
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shall 1dent1ty FMECA en
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unambiguously tc the specific item
specific drawing number revision or englneer1ng change proposal)
covered by the analysis. Traceability shall be maintained
between all elements of the FMECA, e.g., from component to

subsystem, to system level FMECAs.

204.2.12.3 Analysis Data. In addition to information
nired by Task 101 and 102 of MIL-STD-1629, the FMECA shall

reon
Tequired o Se72
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lude the following data:
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a. Redundancy management conditions as noted in
paragraph 204.2.6.1.

b. Symptoms and warnings prior to failure occurrence
shall be included.

c. Critical items shall be identified. The Critical
Items List shall also be maintained as a separate

document. h

a. Identification of failure modes impacting safety.
e. An estimate of the probability of occurrence of

each failure mode. For other than uncorrected
SPFMs (paragraph 204.2.12.1) and critical items,
probabillty est1mates may be by range groupings
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f. Identification of failure modes for which ground
checkout, launch preparat1on checkout or flight

cmmVaer Anda~dis~An

instrumentation is inadequate for timely detection.

204 2.12.4 Supportinag Data. In addition to the analysis

results oé-segagraph 204.2.12.3, the FMECA shall include the
following supporting information:

a. system
mnnnn!\

p -l
n v
o Ny

i segmeuts, subsys
c

ede o
ol
-+
b
3
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nd @
3

’
compoeone 1t uvuv-;r ............... ) nal block
diagram. The functional block dlagram should show
all items comprising a system, system segment,
subsystem or component, the series and redundant
reiationships among the items, the

interconnections between the items, the interface

circuitry, the monitoring points, the switching
capability, each of the item's inputs and outputs,
and inputs to the system as a whole. A separate
functional block diagram may be required. The

44
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/ description shall include a comprehensive
narrative description of the operation of each
item for each system operating mode with any
unusual functions fully described.

b. A cross-reference to data base information used in
support of the FMECA, with significant data
extracted as needed for completeness and clarity.

c. Any other required graphical data such as the
following shall be included as regquired to support
the FMECA:

1. Functional flow diagrams

2. Cross section drawings

3. Cutaway views

4, Worst case analysis dat

5. Fault trees

6. Connector and wiring lists

7. Schematic diagrams

8. Design layouts

9. Printed circuit board layocuts

204.2.13 Audit and Review. The contractor shall develop

. techniques for determining the adequacy of their FMECA, sub)ect

) to the approval of the contracting officer. These techniques
shall include a contractor audit and review jointly with the
Government (or its designated representative). The review shall
include an overall evaluation, a detailed review of selected
critical design characteristics, associated critical
manufacturing process, and a sampling review of other areas. If
the review process discloses undetected SPFM, then the FMECA

procedures and their implementation shall be evaluated and a
corrective action plan submitted to the contracting officer.
Corrective action may include use of modified methods or

different analysts as required to ensure adequacy of the FMECA.

ALTATITOT TART R IFrWNTEPT AWy
.3 DETATLS TO RBE SDPECIFTED BY THE A I T X

n
Reference paragraph 1.2.2)

2
(

204.3.1 Tasks 201, 203 and 208 are generally specified in
conjunction with this task.

204 .3.2 The approach to be u:

L - waSoas

O l‘-
criticality analys1s (Task 102, MIL-STD-
specified. Refer to para. 50.8.

204.3.3 Schedule of Delivery of Contract Data Requirements
List (CDRL) Items. In order to facilitate timely and effective
use of the FMECA and to foster early agreement on FMECA planned
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approach and content, it is recommended that the submittal of
Contract Data Requirements List deiiverabies be required in
aﬁeﬁfﬂﬁﬁeé ‘viicn cne IOLLOWIDQ cyplcax scneuu.l.e.

204.3.3.1 With proposal: FMECA Plan (Task 105,
MIL-8TD-1629), system function FMECA (paragraph 204.2.8.1).
Preliminary single point failure mode list (paragraph

204.2.12.1).

204.3.3.2 Prior to System PDR: System functional FMECA
update (paragraph 204.2.8.1) and Interface FMECA (paragraph

204.2.8.3).

204.3.3.3 Prior to component PDR, if a component PDR is
conducted (otherwise at a comparable time in the component
design schedule): Component FMECA (paragraph 204.2.8.2) and

update of Interface FMECA (paragraph 204.2.8. 3).

204.3.3.4 Prior to first release of product design drawings
or equivalent information: Product design-manufacturing FMECA
(paragraph 204.2.8.4).

204.3.3.5 Update. In addition to the initial submittals
above, updates should be submitted prior to each subsequent
major activity (e.g., Critical Design Review, Physical
Configuration Audit), In =ome casesg it may also be desirable to

reguire addition submittals, either on a perlod1c basis, or in
conjunction with other milestone.

204.3.4 Any data item to be delivered as

a
task should be specified on a DD Form 1423. App
items for this task are listed in Appendix E.
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TASK 205

DESIGN CONCERN ANALYSIS (DCA)

205.1 PURPOSE
The purpose of Task 205 is to identify design weaknesses

which can manifest themselves as failures or degraded
performance during the useful life of the system
205.2 TASK DESCRIPTION

205.2.1 The contractor shall perform an independent
analysis of the design to identify design weaknesses such as
inadegquate redundancy provisions, timing inconsistencies,

out-of-specification operatxng modeg, improperly applied
components, and unnecessary components. The contractor shall
develop a design concern list appropriate to the equipment he is

- PR T ey nn&nn.—-‘a‘l Aacdsan

designing. i\ppenc’xii D contains examples of potential design
The contractor shall systematically apply the design

\.uubc;ua. AARS W A S AALE & - v -y SErE —4

concern list to identify design weaknesses. The DCA shall be
scheduled and completed concurrently with the design effort so
that the design reflects the analys1s conclusions and
recommendations. The results of the DCA shall be documented
including equipment analyzed, design weaknesses identified, and
their disposition. The results of the DCA shall be available

for acquisition activity review and new failure modes shall be
incorporated into the FMECA, if applicable.

205.2.2 The contractor's procedure for conducting DCA and a
sample worksheet shall be submitted to the contracting officer
prior to PDR for approval. The procedure shall identify who, by
discipline, will perform the analysis and what parts and

components are to be analyzed

205.2.2 The ultimate intent is for DCA to be conducted as

Ve -anils ~ - s s SRR LT

part of a reliability and maintainability computer aided design
(RAMCAD) system. however, specification of this task shall not
be construed as a requirement for the contractor to have a
relzablllty and malntalnab111ty computer aided de51gn (RAMCAD
syscem. Wwhen dpp.l..lbauxe the uumyuuc;;acu uen \.c\,uu;guc shall
use the most current computer aided design data, be modular,
provide computer compatible results in a project standard
format, and be integrated with other computerized techniques in

a manner that avoids duplication of effort.

205.3 DETAILS TO BE SPECIFIED BY THE ACQUISITIOR ACTIVITY
(Re

N
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205.3.1 Items or criteria for selection of items to be
subjected to DCA.

205.3.2 Submittal of DCA procedure and DCA worksheet in
accordance with paragraph 205.2.2.

205.3.3 Any data item to be delivered as a result of this
task should be specified on a DD Form 1423. Applicable data
items for this task are listed in Appendix E.
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CIRCUIT ARD ITEM STRESS ARALYSIS

The purpose of Task 206 is to examine the effects of part and

circuit parameter tolerances and parasitic parameters over the

range of specified operatlng iife and conditions and to ensure
A % - - <
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ing the des1gn and development p
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n and stress to circuits, mo
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bsys ems and system performance as they

|+ 38 Maximum lins ltage variaticong a2nd line
transients.

c. Maximum part parameter variation.
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e. Maximum and minimum environmental conditions

£. rFail safe provisions.

. Redundancy provisions.

g
h. Radiation effects, as applicable.

hy
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[ %
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j. Transients due to turn-on, turn-off and state

changes.
K. Fatigue due to cyclical loading.
206.2.2 A worst case g,al shall be perﬁgrmed to ver;fv

that, given reasonable comb
the circuitry being analyze
requirements.

DP"S
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206.2.3 A circuit stress analysis shall be performed to
ensure that approved derating requirements have been complied
with.

206.2.4 These analyses shall be scheduled and performed as
an integral part of the design effort and analysis results shall
be presented at design reviews. These analyses shall be
performed in conjunction with the contractor's testing to verify

design margins. The contractor shall correlate the results of

these analyses with the FMECA, when Task 204 is contractually

1mnosed. Results of these analyses shall be available for

fication of the environmental envelope within

206.3.1 Ident1
pment is to operate.

which the equipme

206.3.2 Specification of or criteria for selection of parts
and circuits to be analyzed.

206.3.3 Any data item to be delivered as a result of this
task should be specified on a DD Form 1423. Applicable data
items for this task are listed in Appendix E.

W
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PARTS, MATERIALS, AND PROCESSES (PMP) PROGRAM
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The PMP program for spacecraft and launch vehicles should be

planned and accomplished in conjunction with the Reliabilxty

Program. It is usually specifiea as a separate item in the SO¥
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csemtevoe MTY _OMN_1EAC - - easTAamad M < Macle 2Nn%
This TasRk 207

)

2:2

0
[
~
(o
f
9
-
C
r
(]
c

207.3 DETAILS TO BE SPECIFIED BY THE ACQUISITION ACTIVITY

Not applicable.
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208.1 PURPOSE

The purpose of Task 208 is to identify and control those
items which require special attention because of complexity,
’ application of state-of-the-art techniques, anticipated

reliability problems, or the impact of potential failure on
safety, readiness, and mission success.

208.2 TASK DESCRIPTIORN

208.2.1 An item shall be considered a critical item if it
contains one or more single point failure modes. Additional
critical items shall be identified based on the contractor‘s
experience and using the criteria in paragraph 3.7 as guidance.

208.2.2 The contractor shall establish and maintain an
effective method for identification, control and test of
critical items from initial design through final acceptance.
The method(s) the contractor uses for critical item control

=Y 1 . .
shall be described in the contracter's formal peolicies and

procedures to ensure that all affected personnel such as design,
purchas1ng, manufacturing, inspection, and test personnel are
aware of the essential and critical nature of such items.
Periodic reviews at PDR, CDR, Functional Configuration Audit

—

{FCAY, and Physical Configuration Audit {PCA), as a minimum,
shall be used by the contractor and the acquisition n activity to

determine if add1t10ns or deletions to the cr1t1cal item list
and control plan(s) and procedures are warranted, and to assess
the effectiveness of the critical item controls and tests. Each

critical item control method and plan to be used shall be
subject to on-gecing review and evaluation by the acquisition
activity.

208.2.3 The critical item list shall include items hav1ng
critically iimited useful iife such as maiimum total operating
time or operating cycles. The maximum allowable operating time
or cvcles of operation shall be clearly defined along with the

elements of data and computational methods used in their
derivation. The contractor shall maintain a record for each
such item that contains its total operat1ng t1me or numbet of

ies§s, delL.Lug with and LIILJ.UULHL_’ its
ng, whethaer at the contractor‘'s or

TVasNC WA a waatr W eaw a tmw W -

4+
supplier's facility. T
part of the acceptance documentation.
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208.2.4 The contractor shall establish and maintain a
current list of critical items. The list shall contain all
critical items which have not been dispositioned or removed by
the acquisition activity. The critical items list shall contain

the following FMECA information, when Task 204 is contractually
required:

a. The identification of the item under analysis, the
same information described in paragraph 4.5.2 of

MIL-STD-1629, and a statement as to whether or not
it is a single point failure mode.

b. Citation of the pages or entry identifications of
the FMECA that described the failure modes.
c. Statements identifying compensating features

included in the design (e.g., extra safety
margins), control methods (e.g., overstress
testing, process controls, special checkout
procedures); or other practices incorporated to

m1n1m1ze the occurrence of failures associated
with critical items.

Any data item to be delivered as a result of this task should be
specified on a DD Form 1423. Applicable data items for this

task are listed in Appendix E.
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TASK 209

EFFECTS OF FURCTIORAL TESTING, STORAGE, HANDLING,
PACKAGING, TRANSPORTATION, AND MAINTERANCE

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 TASK DESCRIPTION

209.2.1 The contractor shall establish, maintain and
implement procedures to determine by test and analysis, or
estimation, the effects of storage, shelf-life, packaging,

transportation, handling, maintenance and repeated exposure to
testlng on the design and re11ab11ity of a product. The results

of this analysis shall be used to support design trade-offs,

definiticon of allowable tesgt exposures, retest after storage

Ch dild Cawas WV S aAAvITRasa s T e wapvVawe S LR-2% 12

decisions, special handling, transportation, packaging, or
storage requirements and refurbishment plans.

209 . 3 PN L —— —— . e i -  — ——— B- swaw wwe I WaTl32T ¥ L7 " 3 F % 3 L Vo . b dead -4
(Reference paragraph 1.2.2)

209:3.1 The SOW should identify functional testing,
storage, handl:ng, packag1ng, transportation, and maintenance

profiles. Applicable data items for this task are listed in
Appendix E.

n
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DESIGN FOR RELIABILITY
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The purpose of Task 210 is to ensure use of techniques which
have proven successful in achieving a reliable design.

210.1

210.2 TASK DESCRIPTION

210.2.1 The contractor shall give preference to hardware,

software, and hardware designs that have performed successfully
in the intended actual mission environment. Unproven designs
shall be validated by analysis and test as part of the design
process. The approved derating criteria, including radiation
effects when applicable, shall be established for use by

Cah ACwLLD Wiswes SOl L2225

designers and deviations to the criteria shall require Jo1nt

approval of the contractor's system engineering, parts
engineering, and reliability managers. The contractor's

electronlc parts derating criteria for design shall be

consistent with part derating policy in MIL-STD-1547. The

contractor shall use part standardization, type and guantity

minimization, stress derating, redundancy, fault isolation,
single point failure minimization, and stress-strength analysis

1n his design. These program peculiar criteria shall be

PrpeeS Y | = =
developed for and used by the designers.

210.2.2 The contractor shall ensure optimum application of
all redundancy techniques (active, passive, and graceful
degradation) Single point failure modes shall not be permit

.
Te
Lmo et ot~ -3~ 3 1
for mission critical components, except as provided in Task 204

paragraph 204.2.12.1, when applicable. Design for redundancy

rPeaCHaCprps £VYR s 2L = 17ell daJui l..ailitt . 4

shall utilize independent paths of operation or communication
and provide for a high degree of assurance of effective
successful operation during intermittent failure modes.

210.2.3 The contractor shall perform a reliabi

e A \J o &0 0o I EXYIi—) WwWWidA W A& Uw wwa BANA A& & P e & as
of the system as an integral part of the overall sy
engineering analysis. Criteria for the analysis sha
operational and support concepts, requirements, and
environmental conditions. The results of these reliabi
and

b1 ) o
analyses shall be used during design, develcpment,

evaluate the achievement of the reliability design
requirements. The contractor shall not compromise reliability
or reliability related criteria such as maintainability, quality
assurance, e1ectromagnet1c compat1b111ty, electromagnetlc

v

interference, safety, or parts requirements in an attempt
exceed contractually specified performance criteria.

0 -
et 1
-0 t

=
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210.2.4 Whenever design trade-offs are performed, or
engineering change proposals are qenerated, the contractor shall

define the effects of the proposed change(s) on the reliability
of the entire system. The details of the trade-offs involving

S‘;’Stcm rn"lahq 110-\' nnd thn rncn]i‘c nF anv ﬂac'lnn r-hannn on

r911abilitv shall be evaluated. recorded. and reflected in the

Any data item to be delivered as a result of this task should be
specified on a DD Form 1423. Applicable data items for this
task are listed in Appendix E.
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DEVELOPMENT AND PRODUCTION TESTING TASKS
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ENVIRONMENTAL STRESS SCREENING (ESS)

DITDDNC?

2a2n1 b |
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Test requirements for parts, components, and systems used in
spacecraft and launch vehicles are specified in MIL-STD-1546,
MIL-8TD-1547, and MIL-STD- 1540. Some of the requitements in

these documents perform an environmental stress screenlng
function. These standards appropriately tailored are included
in a separate portion of the contract. The purpose of this task
is to define reliability program functions related to
environmental stress screening.

301.2 TASK DESCRIPTION

301.2.1 Environmental stress screening, including burn-in,
shall be conducted on selected components and subassemblies to
eliminate early and potential failures due to latent part
defects, workmanship defects, undetected design defects, and
undetected failure modes.

301.2.2 During development, subassemblies and components
shall be identified and applicable ESS procedures shall be
formulated. Key factors in the selection of items and ESS
levels include development tests; past history on similar

equipment, item technology. fabrication techniques, and FMECA
results, when performed. ’

301.2.3 ESS shall be designed to stimulate relevant
failures by stressing the item through application of
env1ronmenta1 and operational stresses. When ESS planned levels
exceed qualification test levels, an analysis shall be performed
and justification provided prior to implementation or levels

adjusted accordingly.

301.2.4 Upon approval of the proposed ESS procedures. a
detailed ESS plan shall be prepared The ESS plan shall include
the following:

A 2 o e - A - 2D A A L S P Vg S L = A Lot el ed
Li Ul UL Lae iacLeims Lo e supjectea to noo.

TAAamst I L2 o
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m

b. Description of environmental stress types., levels,
profiles, and exposure times to be applied.

C. Identification
(o]

R T N W

parameters t
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a. Proposed ESS duration, including failure free time
and maximum exposure time.
e. Criteria for removal of an item from ESS.

301.2 DETAILS TC BE SPECIFIED BY THE ACOUITISITION ACTIVITY

(Reference paragraph 1.2.2)

Data items to be delivered as a result of this task should be
specified on the DD Form 1423. Applicable data items for this
task are z E.

task are listed in Appendi
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TASK 302

RELIABILITY DEVELOPMENT GROWTH TEST (RDGT) PROGRAM

Designs for long life and high reliability space systems

uire sufficient design margins to ensure long life. The
o o~

nited number of systems produced and the relatively short

velopment period preclude sufficient testing to identify

marg1na1 des1gns and hidden failure modes. The purpose of Task
302 is to conduct prequa11f1cat1on testing to provxde a basis

for resolving a majority of reliability problems early in the

development phase, and to ensure adeguate design margins
appropriate to long-life, high reliability space systems.

-~ -~ -~ - - e _ L e ® g = __ o 1 __________ yuy "y e o s P el m 1Y ) SN
302.24.1 Keliapliiicy aeve lopment giowthn tés ts shall be
conducted for the purpose of enhancing system reliability

through the identification, analysis, and correction of failute
modes, and the verification of corrective action effectiveness.
Guidance for conducting RDGT is contained in MIL-STD-1635 and

MIL-HDBK-189.

302.2.2 Reliability growth tests shall include application
of environmental, power, and performance stresses sufficient to
jdentify design weaknesses and to induce failure or demonstrate
design margins. This generally requires stresses beyond
operational design specifications. Test items shall include
normal interface connections between assemblies and components,

AANs A LR A -ad s a a SN Vasar T w waVaeedd arw WIS Tas SRSl a2 L~

to ensure new failure modes are not introduced in system
operation.

302.2.3 Reliability growth testing shall be integrated with

the development testing specified in MIL-STD-1540. Items

selected for RDGT shall include assemblies and components for

which the design is new or operational history is inadequate to
satisfy mission requirements.

LY X N P Bee VIFNAVTY oV mca smle w1 Y Baon wmamm o m am Py mendl eleal1 - wosmY ae o
VUL L. 4 All XUVOLO1 plian lldll D€ pPiTCpalcu ali dllali l10uCciuuc
the fnllowina., subiect 0 contractinag officer apnroval orior to
:.;‘? :.vc.-:.vn.s-n,' uuu‘!\.-\-\- W wwWiilbéeUGUwvarly WVaassvoa Srpreavywa paava -
initiation of testing:
a. Test objectives and requirements, including growth
model, growth rate, initial and final reliability
values, and their rationale.

(5]
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b. Identification of the equipment to be tested and
number of test items.

c. Test conditions including environmental,
operatiomns, and performance profiles, as
applicable.

d. Test schedules and cross reference to development
tests.

e. Procedures for corrective action.

£. Data recording and collection requirements.
302.3 DETAILS TO BE SPECIFIED BY THE ACQUISTTION ACTIVITY
(Reference paragraph 1.2.2)

302.3.1 Failure reporting in accordance with Task 104,
FRACAS, should be specified.

302.3.2 Recommended candidates for RDGT.

302.3.3 Any data item to be delivered as a result of this
task should be specified on a DD Form 1423. Applicable data
items this task are listed in Appendix E.

64
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The purpose of Task 303 is to demonstrate that the
quantitative rel1abi11ty requirements have been met. Although
this task is 1nc1uded in the Development and Proauctlon Testing

_________ a1 atmd 12 e

Section, it should be recognized that the reliabilit
demonstration for spacecraft and launch vehicles is performed
analytically using the reliability prediction, FMECA, item
failure reports, and program test data.

P E StTr TaTE e i o s e

303.2 TASK DESCRIPTION
303.2.1 The contractor shall implement and maintain a

reliability test and demonstration program that is planned,
integrated, and developed with the system and equipment test
program, such as development testing, quality assurance testing,
performance, flight testing, item testing, and maintainability
demonstration, to avoid duplicate testing. This program shall

s wesRl veae B wva Ve =242Ld8LY

include the requirements of this standard and receive
acquisition activity approval prior to implementation. The
program shall include all reliability testing and demonstration

to be pexruuueu for the program. Tests shall be designed to

make maximum use of reliability data from all sources. Unless

otherwise specified by the contract, the contractor shall
analytically demonstrate the achievement of minimum acceptable
hardware reliability requirements as part of qualification. The

PR T N o fm
analytical methods, assumptions and piece part failure rates to

be used shall have specific approval of the contracting

aGaa aAsGV E - el A A=

officer. The contractor shall use the results of program tests,
Failure Modes, Effects and Criticality Analyses (FMECAs), when
required, and item failure reports to qualitatively evaluate the

P AL

demonstration results as part of the assessment of the item

radinbinngs
Pr edictions.

303.2.2 The contractor shall identify to the contracting
icer items which are candidates for re11ab111ty evaluation,
ability development growth testing or llte tests. As a
mit shall iclude items that have limited documented

ae to support the life reguirements of

Lﬁb

e O
[

Q =
f= f

nf nravi
1 of prev
the program. Re11ab111ty evaluation or life tests shall be
performed as directed by the contracting officer. The
contractor's reliability evaluation or life test plans shall be
included in the Program Test Plan and be detailed with sample
sizes, test duration, confidence level, test conditions, and

accept-reject criteria as a minimum. The FMECA, when required,

(4 Gl
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shall be used as an aid in the design of the test plans and
procedures. Test results shall be used to ascertain the item's
capability to comply with the program reliability requirements.
303.2.3 The results of contractor's functional and
environmental testing of items during the des1gn and development
phases shall be analyzed to estimate achieved reliability, to
provide confidence in the predicted reliability, and to provide
feedback to suvport design changes that impact reliability. A

log book shall be maintained for each item identified on the

program equipment listing to record its operating times during
assembly, test, and operation. The development testing program
shall be used to confirm the following factors, down to the
piece part level: adequacy of item selection, safety margins,

parameter drift with time, failure modes, and@ establishment of
human performance operation and maintenance variability criteria.

303.2.4 The contractor shall make use of statistical
planning and analysis in the test program. This may include

- 1 2 Py . eu el PSS "N Y
ayyx;bdu;uu of such methods as design of experiments, analysis

L
of variance, and other methods applicable to design

devéiééééEE, izgduégzantvana-operag;Snaivphases. Consideration
should be given to the use of accelerated test techniques
test results

ec
suitable to the equipment under test, provided the
o e - T Aam walsals 1<

&

caill ue excl.upux.cn.eu to cB\.Lluu\.c uu.:sb.l.un LiCiiaia

303.3 DETAILS TO BE SPECIFIED BY THE ACQUISITION ACTIVITY
(Reference paragraph 1.2.2)

21
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303.3.2 Any data item to be delivered as a result of this
task should be specified on a DD Form 1423. Applicable data
items for this task are listed in Appendix E.
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TASK 304

PRODUCTION RELIABILITY ACCEPTARCE TEST (PRAT) PROGRAM

This task generally is not applicable to spacecraft and launch
vehicle contracts.
Custodians

Preparing Activity
Air Force - 19

(Project No. RELI-F009)
Document 1646b/Arch 1256Db
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APPLICATION GUIDANCE FOR IMPLEMENTATION OF MIL-STD-1543

This appendix is not a mandatory part of this standard.

10. GENERAL

10.1 SCOPE. This appendix nrnv;des guidance for the

selection of rellab111ty tasks as they apply to various
acquisition phases and is not to be construed as mandatory.

29
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tm
established program objectives. Additional t iloring guidance
and descriptions of the tasks and their function in a complete
reliability program can be found in Appendlx A to MIL-STD-785,
'Reliabiiity Program for Systems and Equipment 3éVe;6Pﬁéﬁc and

o
rquUCL.luu. J-ll ﬂddit&vll' ;ub‘% h“ a0 Gil GpypesSvavse

guide for the program acqulsltlon phases. The matrix should be
used for general guidance since the tailoring constraints
(paragraph 40.2) can seriously affect applicability of each task.
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20. REFERENCED DOCUMENTS

MIL-STD-781 Reliability Testing for Development,
Qualification, & Production

MIL-STD-785 Reliability Program for Systems and

'E‘nn1?mnnl' hnvn]nnmnnf‘ and Production

e Bs

30. DEFINITIONS

Not applicable.

40. GENERAL APPLICATION REQUIREMENTS

40.1 . The acquisition
activity needs to ensure that tailored reliability requirements
are applied in contracts, statements of work, or requests for
proposals, as applicable (reference paragraph 40.2).

40.2 A

A-1
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TABLE A-1. Application Matrix Guide

TASK TITLE TASK PROGRAM PHASE

TYPE CONCEPT VALID FSED PROD
101 RELIABILITY PROGRAM PLAN MGT S s G G
102 MONITOR & CONTROL OF MGT S S G G

SUBCONTRACTORS AND SUPPLIERS

103 PROGRAM REVIEWS MGT G(2) G(2) G(2)
104 FAILURE REPORTING, ANALYSIS, ENG NA s G G
AND t‘nDDT.‘r"I‘TW ACT TION SYSTE_M
(FRACAS)
105 FAILURE REVIEW BOARD (FRB) MGT NA s G G
201 RELIABILITY MODELING ENG G(1) G(1) G GC
202 RELIABILITY ALLOCATIONS ACC G(1) G G GC
203 RELIABILITY PREDICTIONS ACC S G(1) G GC
204 FAILURE MODES, EFFECTS, AND ENG s G(1) G GC
CRITICALITY ANALYSIS (FMECA)
205 DESIGN CONCERN ANALYSIS (DCA) ENG NA NA G(1l) GC(1)
206 CIRCUIT AND ITEM STRESS ENG s s G GC
ANALYSIS
207 PARTS PROGRAM ENG s S(2) G(2) G(2)
208 RELIABILITY CRITICAL ITEMS MGT S(1) G(1) G G
209 EFFECTS OF FUNCTIONAL TESTING ENG NA G(1) G GC
STORAGE, HANDLING, PACKAGING,
TRANSPORTATION, AND MAINTENANCE
216 DESIGN FOR RELIABILITY ENG [ G G GC
301 ENVIRONMENTAL STRESS SCREENING K s G(1) G(1) G
(ESS)
302 RELIABILITY DEVELOPMENT GROWTH ENG NA S(1) G(1) CG(1)
TESTING
303 RELIABILITY DEMONSTRATION ACC NA S(1) G(1) s(1)
304 PRODUCTION RELIABILITY ACC NA NA NA  S(1)
ACCEPTANCE TEST (PRAT) PROGRAM
ACRONYMS FOR TASK TYPE:
ACC - RELIABILITY ACCOUNTING
ENG - RELIABILITY ENGINEERING
MGT - MANAGEMENT
ACRONYMS FOR PROGRAM PHASE
§ - SELECTIVELY APPLICABLE
G - GENERALLY APPLICABLE
GC - GENERALLY APPLICABLE TO DESIGN CHANGES ONLY
NA - NOT APPLICABLE
FOOTNOTES :

(1) - REQUIRES TAILORED APPLICATION TO BE COST EFFECTIVE
{2) — MIL-STD-1543 IS NQOT THE PRIMARY IMPLEMENTATION REQUIREMENT

\%J
OTHER MIL-STDS OR STATEMENT OF WORK REQUIREMENTS MUST BE
INCLUDED TO DEFINE THE REQUIREMENTS

-
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funding, acquisition phase, and life cycle cost. The cost of
imposing each requirement in this standard should be evaluated

against the benefits that could be realized. The “DETAILS TO BE
SPECIFIED BY THE ACQUISITION ACTIVITY"” paragraph under each task

chC"?tiGﬂ ig intended for ‘liefing the nnnr--lfin dnba11n

additions, modifications, deletion, or opt1ons to the reguirements

of the task that should be considered by the acquisition activity
when tailoring the task description to fit the program needs.

Items annotated by an "(R)" are essential and shall be provided to
the contractor for proper me.xculeut.cu.lun of ths task. All gata

items should be reviewed and tailored, as applicable, to ensure

b WIS M AANS WA WA b= b1 Liav LSS VI TS

that the preparation instructions in the DID are compatible with
task requirements as specified in the statement of work.

4‘6.3 s . - -G w SEmrw W= S WS W WA nnvn'-gg-!vvmﬂi
a. CONCEPT phase: Specific values of reliability

characteristics in operational terms are derived
from gener1c rellablllty needs of the m1381on area.

,LQQQL

Quantitative reliability objectives are refined
based on system level trade studies.

b. VALID phase: To require identification of critical

by analysis. A formal reliability program is
........ - era o ammitnmand ~vriE3d
Lo

Lequxzeu Unl.y .LL Luc syscem (s34 w\‘u.nyulcul. Cia
or total acquisition cost suggests its need.
Usually, the updating of reliability requirements
within the design plan is sufficient. Updating can
include test monitoring, failure analysis, and

* = 2 ) e

corrective action feedback.

ot -
wa

c. FSED phase: A fully developed program does not
necessarily contain all tasks of this standard but
it should be capable of be1ng 1ndependent1y

evaluated to determine the effectiveness of the task
in providing design assurance.

4. PROD phase: To maintain design integrity and to
ensure that implementation of the design in
production does not detract from its inherent
reliability. Des1gn changes and critical or special

processes require evaluation and monitoring. The

results of failure analysis, process trends and
field feedback should be analyzed during the
production phase and design and manufacturing
corrections implemented as necessary.

>
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50. TASK OBJECTIVES
56.1 oRn Mer N AN MET TATTY Ty DMASODOAM DT AN

a. CONCEPT phase: Generally not applicable unless
hardware development, such as experiments, are
involved.

b. VALID phase: To provide assurance that all
requirements are planned and scheduled. Depending

on the cr1t1ca11ty and category of equipment, the
program plan could be developed as a separate
entity or with other test and design planning.

c PSED phace: To establish a clearly identified

reliability program including the necessary
organxzatzonal authority to influence the
achievement of reliability program milestones. A

fully developed and controlled program, which
includes repnorting of statusg and nrnhlpm areas to

A BAN A WEVA Y S VA vassy (=L O § -] Qaals

all levels of management, should be administered
by the reliability organlzatlpp:‘rlt is highly

desirable that a single reliability contact point
be established for all acquisition activity

.
+ £
incerzacss.

d. PROD phase: To continue functions of the
reliability organ1zat10n to the extent necessary
to ensure that eng1neer1ng changes or production

processes do not degrade design reliability.

achieving the required system re11ab111ty due to poor
- PRI WY SR R B, L2 o) SO O S N I'd -l R o

reliability of subcontracted supplies. The task requires

contractor inclusion of allocated requirements in subcontracts

and surveillance of subcontractor reliability activities. It
should be noted that even if this task is not specified the
prime contractor is responsible for the reliability of
subcontracted supplies.

50.3 TASK 103. PROGRAM REVIEWS. Program reviews are not
tailored by program phase but should be planned and scheduled as
appropriate for the acquisition activity to review its status
and results achieved. For maJor complex programs, separate
Reliability Program Reviews should be required. When
MIL-STD-1521 is specified as a compliance document in the SOW,
appropriate tailoring of that document may preclude the need for

th1s task

1Y
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TASK 104, NDTISCDRFDANCY AND FATLIIDEP DERANDNY M/ AWATUCTE AN

CORRECTIVE ACTION AND TASK 105. FAILURE REVIEW BOARD.

)
50.4

a.
b.
c.
4.

)

/

CONCEPT phase: Not applicable unless hardware,
riment, is to be fabricated as part

VALID phase: To impose a formal failure reporting
and corrective action system (FRACAS) to varying
degrees depending on the expected volume of
failures for the particular program and the
criticality of major system bﬁmpGﬁEﬁCb. If a
reliability development test is imposed, the
greatest benefit can be derived from failures
encountered during that testing program through

the use of a FRACAS.

FSED phase: To obtain maximum benefit from
correction of failures encountered during any
formal qualification or acceptance testing.
Contractor procedures may be used prior to formal

gualification or acceptance testing.

PROD phase: To obtain maximum benefit from
correction of failures encountered during any
manufacturing tests or acceptance tests.
Provision should be made by the acquisition

activity to ensure that the user provides adequa

failure information to assist the corrective
action process.

+
ce

50.5 TASK 201, RELIABILITY MODELING

CONCEPT and VALID phasgses: Applicable at the

a.
system level to facilitate reliability analyses
and trade studies.

b. FSED phase: The math model is necessary to
facilitate reliability allocations, prediction,
and FMECA. The initial math model may be to the
subsystem level, with the model progressing to the
component and part level as the design evolves and
becomes firm.

c. PROD phase: Normally, only major design changes
would require a revision to the R model.

50.6 TIASK 202, RELIABILITY ALLOCATIORS

a,. CONCEPT and VALID nhases: Appllcable at the
system level to facilitate reliability analyses
and trade studies.

A-5
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b. FSED phase: The reliability allocation should be
performed early in the FSED phase to serve as a
baseline requirement for designers and
subcontractors.

c. PROD phase: Not applicable.

50.7 TASK 203, RELIABILITY PREDICTION
a. CONCEPT phase: Limited to functional levels

a an Detailsg are not normally defined at
s

[a e
ol )}
[
wn

esign.
tage of development.

~ FCED nhaca- ™11
o lbth  MARNE M St * dUa s

da. PROD phase: Reliability Prediction is restricted
to significant Engineering Change Proposals.

Ve O

ANALYSIS. The FMECA is potentially one of the most beneficial
and productive tasks in a well structured reliability program.
Since individual failure modes are listed and evaluated in an
orderly organized fashion, the FMECA serves to verify design

v bur 2 Anmdt€Cer mmA ~irambk: fer mAariwman AE cmAAantvralhla £as liien
-Lllbcgl--&l-x dUTIHLLILY GQGlIIU HUAGQULLALY OUVULLTCD Vi UNGeSirdorie 1©aiiure

modes; and document the reliability risks. The FMECA is an

essential design evaluation procedure which should not be
limited to the phase traditionally thought of as the design
phase (FSED). When the criticality analysis (Task 102,

En o TACY 2!\‘ TATTITDE MNNEPC DrrereTc AND CDTTTOCAT. TTU
AEINPES KN R L KEIEAINIINES FPNSACEND Sl & dtSt b bl S¥VAS Na &3 do e b el 2D & &

MIL-8TD-1625) is reguired, the guantitative or gualitative
method should be specified. Whenever possible; the gquantitative
method using probability of occurrence rather than criticality
number should be specified. The specific FMECA tasks should be
selected and applied for greatest cost effectiveness in
accordance with the type and phase of the program. Provisions
(sections, paragraphs or sentences) not regquired for the
specific application should be excluded.

a. CONCEPT phase: FMECA is performed to functional

levels of design.

b. VALID phase: FMECA is performed to functional
levels of design and system determined to be
critical.

Py L Yl ol ol o b o - L~ PN B PSR - IR W P s A e ey | AL - B -
C. LD PRgdase: rulily appiicCaoDi€, DUt tailidrea to pe
romnatrihlo with nraaram rooniramonte
COMPaETiLiIC WiIta pIrIogran regulrements.

3>
|
an
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a. PROD nhacea: FMECA update may ba necesggary for
significant Engineering Change Proposals and based
on test results or on-orbit performance.

56.9 SRR SaA P re T AaRE A e R AT Tavam 4 V1T WY
a. CONCEPT and VALID phases: Not applicable.

b. FSED phase: DCA should be scheduled and completed
concurrently with the design effort.

N - - CAPTE S W W

extensive engineering changes or if system
deficiencies have been identified by other means.

o~ DROND nhaga: DCA ig raegtricted to undata dus to

50.10 TASK 206. CIRCUIT AND ITEM STRESS ANALYSIS
a. CONCEPT and VALID phase: Applicable when

hardware, such as experiments, are developed under
the contract.

- Lol ol =t » ST S R

= S L -~ TR B
b. FSED phase: Fully
i

c. PROD phase: Applic
Proposals.

50.11
a. CONCEPT phase: May be fully applicable when
hardware, such as an experiment, is required to be
developed.

b. VALID phase: To continue involvement in component
application trade-offs and development of design

applicat1on criteria. Planning should be
developed for full implementation during full
scale development.

c FSED phase: Fully applicable.

d. PROD phase: Fully applicable.
50.12 TASK 208, RELIABILITY CRITICAL ITEMS

a. CONCEPT phase: Restricted to systems element
consideration

b. VALID phase: To establish a control mechanism
within design planning where critical items are
identifieqd,
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c. FSED phase: Fully applicable.

d. PROD phase: Continue critical item controls
defined in the critical item control plan.

12 TASK 209, EFFECTS OF FUNCTION TESTING. STORAGE.

b. FSED phase: Fully applicable. Requirements and
controls should be developed and implemented.
Particular emphasis should be placed on this task

when space vehicle storage is anticipated.

PROD nhase: Implement controls and procedures

established in the development phase.

1 Desgian Technicues

a. QQNQEBI_ghjsg: To be considered to the extent
ry to support preliminary design and trade

b. VALID phase: To emphasize those techniques which
involve basic design characteristics that could
have a significant impact on the reliability of
the final design. Because of cne fluidity of the
deSigu in this yuuac, caution is advised agal 1st
prematurely requiring application of techniques
which may have to be repeatedly revised during the
design evolution. Tasks which fall into this
category include but are not limited to such

................ -~ o~ o Vases 2 o mamd  wn e mno

t.e(.nuxquczs as worst-case GllalyYolid daiilu paliLalicict
variance analysis.

r

er

Cc. FSED phase: The final baseline design destined
for production should be subjected to reliability
design analysis through application of appropriate
des1gn techniques. Therefore, in this phase,
suggested, consistent with a cost-benefit
evaluation of each technique and the potential
impact on system performance, reliability,
producibility, and ultimate life-cycle cost.
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PROD phase: To be restricted to only those cases
where design modifications are implemented or
where necessary to support engineering failure
investigations.

Raliahility Analveix. The depth of this task

increases as the program progresses through development. This
task is applicable to CONCEPT, VALID, and FSED phases; it has
limited application to the PROD phase except as appropriate when

changes in function occur.

50.15 TASK 301. ENVIRONMENTAL STRESS SCREENINRG (ESS).

a.

A N

D.

*

CONCEPT and VALID phases: Not applicable.

O wmle nYd &l A& 1T&en
S&: With the limited q“a'ﬂtit

items, it is difficult to identify all design and

- e ressas -2 Sss=sseRSS

workmanship defects prior to production of flight
hardware. ESS should be applied to programs and
hardware on a seiective basis, particularly where

ssemsm e smoawa suomre LA

ack
[ =129

4,
T

Q

lower level equ.l.pluexu. failures can cause
cianificant rework and retest at hlaher levels.

WA YA A A WA & WYTW e s WmEsws

During this phase equipment and test levels should
be selected and defined for ESS to screen out
workmanship, design, and part failures.

PROD phase: The approved tests defined during
FSED should be conducted. Criteria should be
established for removing items from ESS or

reducing test levels as design and production

matures.

CONCEPT phase: Not applicable.
VALID phase: Consider a test, analyze, and fix

approach to reliability testing to uncover

Gppiviavis LY aAaVaallvassg [~ X2t

weaknesses in design approaches that were not
previously detected by engineering analysis or
testing. This testing consists of a sequence of
tests, analyzing all failures, incorporating

~ArvrantIwa amkiAn anA % 3
correccive , ang retestlng to pIO‘-’lde 2

v waw
basis for program decisions.

ER=
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: A dedicated test, analyze, and fix
approach to reliability testing should be imposed
during this phase of acquisition cycle. This test
should be designed, utilizing dedicated samples
and sufficient test time, to uncover design
deficiencies not detected during previous testing
Oor analyses.

PROD phase: Selectively applicable when design
changes require reliability growth in the hardware.

50.17 TASK 303. RELIABILITY DEMONSTRATION

50.18

a.
b.

C.

CONCEPT phase: Not applicable.

VALID phase: Not applicable.

FSED phase: To provide confidence that the
equipment design meets or exceeds program
objectives. The test components used for this
demonstration-analysis shall be the best available
representation of the production configuration.
The test-analysis also serves to confirm the
effectiveness of corrective actions and provide a
statistical assessment of program status for the
production decision process.

PROD phase: To provide confidence by sampling and
combining the equipment test to ensure that the
equipment reliability continues to meet or exceed
program objectives and was not degraded to an
unacceptable level by the production process.

TE

PROGRAM. Generally not applicable. If appropriate for a
specific program, Task 304 of MIL-STD-785, "Reliability Program
for Systems and Equipment Development and Production,” may be

used,
Qualification,

A-10

or MIL-STD-781, "Reliability Testing for Development,

& Production, ™ may be applied directly.
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SNEAK ANALYSIS FUNCTIORAL CLUE LIST

Mhd v amemande S~ A a Y. X P
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Do functions perform as intended?

re functions and grounds compatible with the power
r'as bk o
\YAS ¥ N

w0

4
1
a
e

0w

2
é

wn

Is power available when required to activate a function?

Are connected grounds compatible?

Are connected power sources from different power buses,
i.e., is there a potential power-to-power tie?

)

mes

cl
[

Are there undesired effects when a current or energy path

unintentionally opened or closed?

Can any combination of functions be activated by an
unintended current or energy path?

79
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Can any function be activated inadvertently or at incorrect
tim

cman ol o h o adA D (ol S, V4
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APPENDIX C

is
ween

o®
oo
own
T~

tal devices connected together?

s

3. Are totem pole outputs of dig

4. Do circuits containing symmetry have any asymmetric elements
or paths?

5. Are grounds mixed in the same circuit?

6. Are digital circuitry, relays, or squibs on the same ground?

7. 1Is the isolation inadeguate between tied power sources of
different potential?

8. Are power supply and associated grounds at different
reference points?

9. Are there any undesired capacitor discharge paths?

10. Are there momentary undesired current paths present during

change of state or switching circuits?
SNEAK TTMTNA

11. Do circuits experience unintended modes or false outputs
during power-up?

e
Vo]
fuie
ctr
-1}
[
Q
Q
<
[
Q
]
0
el
Q
<
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"
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Q
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(2]
Q
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Q
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e
o

13. Are consecutive d
supplies?

. aAre no

e

S€ ma
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15. Do resistor-capacitor networks in digital circuits provide
the required characteristics, such as pulse width and
switching speed?

16. Do large resistor-capacitor time constants cause excessive
rise or fall times in switching circuits?

17. Are there momentaty undes

red current paths during
change-of-state of switc 7

i
hes

18. Do relay coils have a single standard diode with a zener
diode in series for transient suppression?
19. Does high output impedance of transistor-to-transistor logic

(TTL) devices cause an excessive resistor-capacitor time
constant?

20. Are there any ground paths to transistor-to-transistor logic
(TTL) device inputs (momentary or otherwise) which can turn
the device on?

21. Does turn-on, turn-off, or open-close timing of any device
cause a problem in its application?

PSs (break—before make) or overlaps
n switchinag circuits?

W e w s esmerg W = e =

22. Are there timing
=

fmako_-hafora-hr

N\ ssw T v e v a -~ -

ga
=)
bt 4

(¥

23. Are command lines adjacent to power line?

24. Does the capacitance of a line cause excessive "skew"” of the

As 1}& - W
SNEAK INDICATIONS
25. Does an indicator monitor a command of a function rather
A Yu o wm e ba Laswn mde o oo abealED
Liilaill CiaS A MM LAV ALODCT AL S
26. Does an indicator circuit depend upon the function it
monitors for proper operation?

- R S | Tz ”
14

[

27. Does a load perform an undesired function
28. Can a press-to-test circuit energize a system?
SNEAK LABELS

h B | 1 ‘_'\-

ail ?

(]

b |
Ul

(1)

T

b ]

SN -_— e V- .
L3, apei> Collpa

30. Does the label reflect the true function?

?
L)
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This appendix is not a mandatory part of this standard.
switching device outputs drive other

X ard

& Wi §

Is there a ground-to-output on transistor-to-transistor
logic (TTL) devices?

Is anyvcircuitry unused or unnecessary?

Are any relay coils unsuppressed?

Are any test points unprotected, i.e., lacking isolation
resistance?

o amplifiers or comparators have capacitors greater than
microfarads connected from input to ground or as

.1
acadhark alamante wibthantd cariac Y1d{mitdma racicban~a?
COUMEVNR TiGHIGIHILE W4 LIIVULY P4 400 4dlllaLally LUD&DLGI!\'GI

D
0
£

Do comparators have capacitors greater than 0.1 microfarads
connected from output to ground without series limiting

resistance?

Do operational amplifier inputs see unequal impedance?

Do spare inputs of integrated circuit devices have open
circuit inputs?

Do complimentary metal oxide semiconductor (CMOS) devices
have inputs feeding off the circuit card without pull-up or
pull-down resistors?
Do large scale transistor-to-transistor logic (LSTTL)
Aasrsmane hawas covmara Smmitde s mamomammbaad ba ctemad 2emcmeicdb o & LL
UTviled nave dpaile 1rnipucs ConnecCted ©d used i1npucs Oor tne
same gate?

D-1
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Are differentiator circuits used?

circuit devices or transisto

logic (TTL evices have any open inputs o
Do operational amplifiers lack bias curren
have resistors with improper values?

Are any unused operational amplifiers not
configuration with all inputs grounded?

diodes

Do relay coile have

suppression?

than 0.5 volits at

type

Vl -1

s the noise
scale

in the saturated

[
=4
o

Is a transistor operat

Are any digital devices improperly biased

?
a

T
1
]
B
]
"
de
3
3
2}
*2
W
"
e ]
®

~~
A

ard
that can dama

Is Vip of an integrated circuit greater th
Are any integrated circuit inputs or outpu

Is available energy insufficient to "blow"”
After firing, can the squib component shor
Is static energy protection for squib comp

Is "no-fire” current protection lacking fo
during checkout test?

r-to-transistor

r gates.

in a unity gain

for transient

inputs for large

region?

a squib component?
t
onents lacking?

r squib components

Is a squib component without a current limiting resistor?

Can the forward resistance of a diode affe
discharging times?

Are there potential reverse voltages which
tantalum capacitorsg?

ct charging and

can damage

Can a semiconductor controlled rectifier turn on prematurely?

Are lamps without isolation fuses?

adver

"cross-talk"”

Can

(e -]
-

in adjacent wires?
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s, components or interfaces on a drawing disagree
her draw1ngs that represent different indenture
or '

F haracter,
. L s
0

aQUo

Is there a single multi-pole relay carrying redundant
functions?

Is there u
dissipation o

onnectors, and tie points shared in common

Are harnesses,
) undant paths?

c
by otherwise readu
Are there sympathetically induced failures such as common
heat sink and electrical path for transistors, rectifiers,
and blocking diodes?

o An " ey
eaur

re re ths i
rinted circuit board?

T >

Is redundancy negeted due to sneak paths embodied in sensors
or signal processing circuits?

Does command logic and execution hardware form a
point failure site for pyrotechnic or ordnance Qg_

Ldaliiudlc <+ LG 4 UL ‘

Is there sharing of fuses?

o
wn
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Is there sharing of redundant items, such as:

a. Common power suppiies or converters,
b. Common powser lines and returas,

c. Jumpered signal points,

d. Common printed wire traces.

e. Common connectors and pins?

Are muiti-function parts, such as dual transistors, dual
integrated circuits, or quad integrated circuits shared in
redundant pathg or altaernate modez of oneration?

Are printed circuit board traces and wires properly derated?
Are there common line decoupling capacitors?

Are there single line decoupling capacitors or blocking
diodes?

Could there be structural or mechanical failure of housings
nwA ouivmmavd obvinmbiaaral AAanbasnd ng (U PRy ey W :&n_uﬂ
\ﬂllu DUMPMUL W Llu\'\.ulul COVILaG ALYy ACTUUIIACTGIIL 4 LN

Are there microwave device failure modes which degrade
electrical performance of companion redundant devices via
poor isolation, high voltage standing wave ratio, or noise

~NamavabkitAan?
YWCSIIiTLQAQLAVLG

Are there common jacks, pins, and connectors on splitters or
dividers upstream from redundant items?

one expexxmenc result in spacecrait
2

Fh
Q)
[
[
Ll
(1]

S a -

there exposure of redundant elements to a single failure
stimulus?

Are there overstress electrical failures?

e — 1 P 4L . _ — B -]
nermai OrL utneimail Ccycd ures:

(v
H"

Are there overstres ¢c fa

Are there corrosion, electrochemical, or physicochemical
failures?

[lo ]
[ls,]
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68. Are there contamination, piume impingement, outgassing and
related failures?
; 69. Have the effect of body bending on control and stability
] been properly addressed?
I
. 70. Have the effect of fluid sloshing been properly addressed?
71. Have the inertial and coupling effects of masses been

properly a addr essed?

72. Is there adequate venting?

ssibility of multimacting breakdown been properly

74. Has the possibility of corona breakdown been properly

addressed?

75. Has the possibility of fatigue been properly addressed?

76. Is there inadequate shielding or improper parts application
that may lead to radiation damage?

) 77. Are there microwave material or construction deficiencies

resulting in generation of intermodulation products (IMP)

78. Can events which terminate or seriously degrade performance
of which constitiute a safety hazard be caused by fewer than
two distinct actions?

79. Are there inadequate keying, clocking, size variations, or
harness installations permitting crossmating of printed
circuit boards, electrical, hydraulic, ordnance, Or other
NAannantAaroe?
wNWAAMAATGw WA D

80. Can there be a repeat of past design weaknesses due to
inadequate review of available histories of similar

equipments and designs?

netic compatibility or

ag
ference failutes?

(]
-

Can there be electr

1 om
electromagnetic inter

@
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APPENDIX E

APPLICABLE DATA REQUIREMENTS

This appendix is not a mandatory part of this standarad.

10. CONSIDERATION OF DATA REQUIREMENTS.

The following data requirements should be considered when
this standard is applied on a contract. The applicable Data

Item uéSCIiyLiGﬁS {DID's) should be reviewed in conjunction with
the specific nhtnn:‘l‘l-‘inn to ensure that only essential data are

-aass A RS MmMaaaSal

requested/prov1ded and that the DID's are tallored to reflect
the requirements of the specific acquisition. To ensure correct
contractual application of the data requirements, a Contract

Data Requirements List (DD Form 1423) must be prespared toc obtain
the data, except where DOD FAR Supplement 27.475-1 exempts the
requirement for a DD Form 1423.
Reference Suggested
Mo ele NTN Niymhae NTN Ti¢la Tailorinag
101 DI-R-7079 Reliability Program Plan none
102 DI-R-7079 Reliability Program FPlan none
103 DI-A-7088 Conference Agenda none
DI-A-7089 Conference Minutes none
104 DI-RELI-80255 Report, Failure Summary
and Analysis none
DI-QCIC-80125 ALERT/SAFE ALERT none
DI-QCIC-80126 Response to an ALERT/SAFE ALERT none
DI-RELI-80253 Failed Item Analysis Report none
201 DI-RELI-80686 Reliability Allocations,
Assessments, and Analysis Report none
202 DI-RELI-80686 Reliability Allocations,
Assessments, and Analysis Report none

i
!
-
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(continued from previous page)

Reference ) o Suggested
Task DID Number DID Title Tailoring
203 DI-RELI-80686 Reliability Allocations,
Assessments, and Analysis Report none
204 DI-R 7086 FMECA Plan none
DI-RELI-80687 Report, Failure Mode and Effects
Analysis (FMEA) none
205 DI-RELI-80686 Reliability Allocations,
Assessments, and Analysis Report none
206 DI-R-70R4 Electronic Partsg/Circuits
Tolerance Analysis Report none
208 DI-RELI-80685 Critical Items List none
209 DI-RELI-8068¢ Reliability Allocations,
Assessments, and Analysis Report none
210 DI-RELI-80686 Reliability Allocations,
Assessments, and Analysis Report none
301 DI-RELI-80249 Environmental Stress
Screening Report none
DI-RELI-80251 Rel1abiiity Test and
Demonstration Procedures none
302 DI-RELI-80250 Reliability Test Plan none
303 DI-RELI-80250 Reliability Test Plan none
304 DI-RELI-80251 ligbility Test and
Demonstration Procedures none
DI-RELI-80252 Reliability Test Reports none
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