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--..,,
Fomdofu

.. Uvelopoent of this standard is one of =ve’ral S*PS @vf9n$d W : ..
enhance equipment readiness and reduce 1ife cycle cos@. Reliability -.. .::
_ testing consists of “conducting consecutive mission proi’ile

. cycles under expected semi= I=VfRJMM=I=l Cmdftfons. Wk~-78! “:~” “: :~
is used as a guideline for establIshing mvi mnaiental *triteria . ~ .

.. and other engineering disciplines as aPProPria*. COMPxSfve ~: “:
failure reporting. analysis. and Correc::ve action are fn==wl” with ~”‘;
this activity. TIIiStest progmm fs intsnded for aPPl!catfon.in We ..... -.

,. full-s=le development phase of equf-c a-fsf:lon w@ We - ~”
“ ., ~tractor can make design changes for reliabi1iVJ imprnvamerR.wft& -~ . .

out strfct,. mntractual constraints. A sxccsssful relipa;l.f:yg~th. ::;.: :; .;-
wst program msY result In the deletion of reliabllfW !@onstraWn ..
tests if reliability rewimmemts are fullY”achieved Prjor ~
production conmi-t. .
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,. RELIABILITY GRC’JTNTE5TS

MIL-’STD-1635(EC)
3 February 1973,-

.

1., SCOPE ... ... .

i 1.1 General. This standard covers c?e mqulremnts and procedures - : ::
for MI l,ab~e’+elopnent (growth) tests. These tests are Condut-.. .” - :
during @e hardware development phase on SSMPleS whfch have cL?rqleted ,. . ~
envfmnnental tests prior w production c=f-nt, and do not =place :
other tests described fn the contract or.euuimmsnt sisedffcation. ?hese
test# pmvf de engfneerfng Infonmatfon on tie fallu=” M@es. and .mtihaoiSMS; ”
of a test ftam under natural and fnduced envfmmnental .conditions .of

..-

mf1ftary opemItfens. Relfabf1fty Impmvement (growth) -wf11.result when :
faflure males and mechanisms are d+scovemd and id.mtiffed and-~.efr .:.
recurrence preventd through fmple!nentetfon of corrective actfOP. :~: ..: - ~.I:: -.

1.2 .%olfcation. Thfs standard is applicable to Naval Electmnfc ::
Systems m~mmants for dWel opment of al1 sYstems and equipment
subject to contract deffnftfon and to the development of other systems
and equfpment when speciffed fn the e@lpment specification. 14hen
cbntract definition is not involved, the application of thfs standard :
shall be as specffied in tie Statement of UO* (SW) kommted h
the request for proposal. The requirements and pmce.eu~s herein shall

.
-.

also be used for Government in-house development of ‘SYS”- and equipment.

1.3 Classification. Thfs standard fs applicable to ffve 5~d
categories of equipnent, distfnguished accordfng to thefr ffeld ser’ffce
applfcatfons:

Ca~ory 1 Fixed ground e@f pnent
Category 2 Mobile ground vehicle equipment
Category 3 ~i p~e~~q~ipnent

B: Unsheltered .
Category 4 Equfpnent for jet aircraft . ..
CategoV 5 Equipment for Curbo-Pmp and helfcoPter :”: ~ ‘-”~.

+.

1.3.1 Ground sumort aouiment (GSE). This standard fs :applicable
to pmcurerents of GSE as specified In tne equipnent SpeCfflCation o.r .. .:.—.— ......

contract. When GSE development is under a weepon system contract. the “”
applicabf1ity of this standard to each recmmsnded GSE end iten wi11 be -
detennfned by the pmcurlng activfty after the contractors’ technfCS1
data and recomnendatfon for reliabi1fty development testing have been
assessed.

2. APPLICAiL5 WCUMENTS

2.1 Issues of doc”uinents.The following documents of the issue fn
effect on tne data of invitation for bids or request for proposal, fom a
part of this standard to the extent specified herein.

..
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SPSCIFIIXIONS
.-. .,

MILITARY,, M2L-S-6512

NIL-C-45662

s7ANoiwJs
MIUTARY

H2L-Sm-2M

nIL.sTwzT
,,,

M2L4T0-7S7. ‘IUL-S7U-787

...

H2L-S7D46S
HllOUL-;

“’ nn-~hszs
.

HAno6aoxs

m..mRY
mL-HmK-217

,.. ,.

. . . . . . ,. I
.. . .-.

Suoport Emfpamnt, Aeronautical SmcfaI;
General Speciffcatlan for Oesign of

Calibration Systm, Reuirment
.... . . .
. .t

Oefinltlons of Item Levels. I&n Ex-
chengeabflity, I!miels.and Related Terns

Oeflnftions of Effectiveness T’ems for
RelIabllitY. !4s1ntslnabt1iW. Human factors..
and Safety-

. . .

Rellabllity Evaluation f= Oenonstration’Oats ‘.‘
llelfabiliv Oeslgn qua11ffcatfan and Pmductiar(
kcsutance less: ~xponentlal Olstrlbutian.

Relfabllfty Program for S+stens an4 Equlpmmt

‘Ay~~l T-t ~tids
“..

resmlts far SCientf?fC and ““
TecRntCal RaUOru

Pmce4ums for Perfannfns a Failure ,%da ana
Effect Analysis far Shipboard Zmipient

Reliability Predlctlon of ~ectrOniC ~quipenwt

(.
(COTIfeSaf Sueclflcatio=, stands-, drawings. and uubli&tlons required by
cmtmctam in connection WIth spd fic pmmremsnt functions should be ob- .
tslned fmm the urocMng ●ctlvia or as dlmc-aM by tie contracting officer.)

2.2 Other oubllcatlms. The folludng docuzents fom a -part-of-thfs-- “ ---
..:..- ... stSndar4 to ma ~tent Sgeclffed herein. Unless ethemlie tn4icatad. tie :..... . . Issue in effect on date of Invitation for bids or request for proposaT shal1.... . .

apply.

AHEti5667 PAOC-T’R-7%22. RAOC Non-clec~nlc Reliabllfty
No-k Revision (Part Failure Oats, Section
2 d iWC-~-69456)

(Applfcstlon for copla should be addressed to =e NationiilTechnical
Momatlon Sertlce, U.S. Oeparment of tmoerca. 53& POR Roy=l Road,
S@+igffeld. VA 221S1.)

2“

.-
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. MIL-STO-1635(EC)
-.”. 3 February 1978
... I,.

“3. DEFINITIONS

.... ..3.1” Terms.. ... . ... Meanings of tSMIS nat defined herein are in”aC~OR&SnCe -: :~..:
.... .
..... ....with the d~tions of MIL-STO-781, fUL-STD-7Zl, MIL-S~-~* .:od - .‘

141L-STD-757. .. .. .

3.1.1 Cowectlve maintenance (rauairl. The actions perfoti~. ”as-a .. .-
.-resultof failure to restore an item m a specified condition: ~

,.

. . 3.1,2 Faflura. ktiils involving failure crlterfa. ti include ..:–
&quired fun~and Petfonnance parameter limit-s,as.statad fn the
equipment specification and test procedures as approved.by”the .pmcuring .
activity. For test purposes, the followfng general definitions.shall “.-. “‘
apply: ,. .

Faflure is an event in whfch a previously accegtsble fcem
do-’ not p%onn one or more of fts required functions wi thfn the .
speclfied 1imits under specified conditfons.

. . b. Failure is also the condition In which a mechanical or “.
stmctuml part or component of assitem fs found to be “Woken; fracW=d, ‘.

. or &ged whfch would cause failure under operational .Condftlons.

3.1.3 Observed maan-time-be~~een-fai lures ($1. The observed mean- .“
-. “time-betieen-fai1uras (M13F) is equal co the total opefiting time of the

., equipment dlvfded by the number of relevant failures.,..
.

3.1.4 Predicted ~F (IA1. Predicted MTBF (@p) fs.that value.of -
14?EF determined by reliabiIit~ prediction methods and is based on the
equipment design and the use envfmnmerst [and shal1 be equal to or gfiater
than required MTBF (eR) in value to ensure with high probability that the
Wfpmnt Yfll be ,aaepted durfng the reliability Waliffcatfok test];

3.1.5 Predicted reliability. That relfability which is a+xpeeed_L-,,. -:.._
at SOm fUCUrS OSta, postulated on analysis of the design ‘&id the “ ; ‘ ~~;
failure rates or the probabilfty of sumival. ,.. .

3.1.6 Problem. A condftion of an ftem In which one or &ra .1. ~~ -
characterist~not confom to the raquimments as estab}tsh%d by
the contmct or,equfpment specifications without the use of unspecified ::
handling or operating pmcedums. me conditlon cannot be corrected to ~
sp~ctfiad !Y2qUiraments us.fngcontrols and procedures no~a”lly available
tn the operator, therefore corrective maintenance and engineering .
disposition are requfred. Includes faflures, unsatisfactory conditions,
discrepancies, defects, and nonconformances.

3.1.7 Reliability arowth. me positlve fmpmvemant of the
rel~abflfty or equipment tnrough the systematic and permanent removal
of failure mechanisms.

3

..
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3 Febmam 1978

. .

% 1.8 Corrective maintenance (muai r). The actions petiomd .SS ....._..
a result of ?_al lure, to restore an Item ca a spaclfled ~Mtion. . .

,,

3.1.9 Test, analyze, and ffx (TAAF~. A test prwcedum’ used- ~ .“..‘.’.:...-.-1.
dn+!g a develapnam psugram co a~ieve meltability gro@i by t.@tlng

.“ the equfpnent under sluulatad use afIVIMIUB~~ * fndu~ faflures de - ‘“
to weak design or tmdaqua~ parts. The faflures am analyxed and
fixed, tit fs, tomctlve actkm is taken for eath failure to prevent
~ce.

. .
. .

.’. . .

.

.
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.
....

4. GENERJILREQUIREMENTS
,.

.. . . . 4.1 General. The reliability grouth test is an intsgral -!+lm.~f~?
MIL-STO-78~bility program and is q fomal approach -tti-thetest, -:’ -, -

..
...... .

analyze and fix process of reliabi1ity growth. The rel:iabili.ty“g-, -- -:
test shal1 be plann~ and conducted “in accordance with tie requirements
herein to otuvide data for the evaluation of reliability urowtlt.;‘“ : :..’ :

4.2 Pm-reliability test m Uirementx. ..... .... ..
___ ... _ ..

4.2.1 Prediction, analysis, and test plan. In accordance ‘isi@Q$?q_. “._._..,.
approved rel~abi1ity program plan, the following items :shzrl.1have been

.“ completed and approval obtained frm the procuring activity .prionto :the .‘ -::
,.., initiation of reliabi~ity growth testing, unless specifically ‘deleted by ~ :‘:

contract. ... ...- .

4.2.1.1 Reliability prediction. If directed by the pmc”urifigac.?t.?itx-. .__.. _-.’_
and if not already CMID1eted as required by other contractual1 documents, an -.. .

I1-

updawd reliabi1ity p%diction of the test- hardware configuration my be
required prior to the start of reliability testing. ~qe ml iabi.lity pre-: ~~- “~:
diction shall be completed in accordance with the Parts “Stress Analysis ::“”: “
Prediction paragraph of MIL-H08K-217. A prediction shall be accomplished ... - -;
for eat!!distinct ❑ission phase or mode of operation of the test hardware; . ..

Failure rate data source .shaT1 be MIL-H13SK-217. Other failure rate data ‘ - “
somces, including contractor in-housa data, shall rmsire procuring “” : .
activity approval. The prediction report shal1 be approved by the pm-
cuflng activity prior to the start of testing. Unless otherifisespecified
in the contract? l+ating shall not be initiated unless the dm_ign has a “.
pmdlcted ~F (9 ) emal to or greater than the required MTEF. In ~
thv event that th~ design ,pmposed for testing does not meet this criteria, ‘
ac:ion shall be as directed by the procuring activity. ~less” othemisa.
saecified by the procuring activity, GFE is excluded from the FMEA.

4.2.1.2 Failure modes and effects analvsis (ml. An ~ shal!_9.e_ .. .. ..
performed using procedures sitoilar to tilL-STD-1629. The.,F1454Mill indicate
the critical areas of the design and help in the analysis of’%llu”res”.that” - -~. .”
may occur during the reliability growth test. Futhemore. the failures
.that occur and their symptmis and causes WI11 help verify-‘tie”“ctmtpletaness -”
and accuracy of the F?@, and can be used to update the FMEA.:.“TherasuJts - .”
of FME4 are used to reconsnendchanges in design. parts,:mate”ria.ls,gmcesses.,.’“–. -
testing, or pmc~ures as early in the system developnene as possible.,”so.”:. .
th!t identified problems can be eliminated or their effects reduced.. Al”- “”
thaugh it is the objective.of the FME4 to identify all modes of fa’ilwe :- .“.
within the system, its first purpose is “be early identification.of all
first-order or catastrophic failure possibi1ities so that-modes.can be
elimlnated or mlnimized through cormctlve design action at the earliest
P(ssible time. G% is excluded fmm the FMZ4, unless otherdsa directed
0.,the omcurinq activity:

.4.2.1.3 Tests.
“g?Owth (deve10-

The contractor shall detemine the reliability
tests and obtain aplzruwalof these tests from

5
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,..,.:’ the procuring activity prior to the ccmnencenent of testing. The tests
shall be determined an the basis of recsuiramentsof the cmtract. equip-

.,- ment speclffcation, and this document. Test planning shau?d consider
the time required for failure analysis, and the testing rewired to verify
corrective actfan Ln91ementatian. The test plann~ng shall. as a minimum.
include the follming.

a.

b.

c.

d.

8.

f.

9*

h.:
i.
J.

k.
,.

Test abj&tlve and raqui rements,

tast item dascrlption and number to be tested.

mt conditions, envimmental, operational, and
parfemanca pruffles, and the duty cycle,

nsliabillQ grawch model and rationales

tut schedules and ❑ilestones, includin~ the test ..-“”.:-
PSQ9rSM revi- XJmduie.

test conduct ground roles, failure ctiterfa, and
intesface baundarfes ,

@st facfll~ and equimant desctiptfans and
requirements,

... .

data collection and recardfng requirements J ‘ “.” “.

analysis requimuents and methods of calalattan s :.

&wermamt Fumishd Prapemy (GFF) requirements
and impact, and .:.

descs+ptfon of preventive maintenance to be ac~lished” -:-::”:”
durfng test.

4.3.2 Rellabilief”amwth models. As pert of the reliabili&/ gvwth.’ ‘.
test planning, me can-waczor snaiI generate a re?iabille~ growth mdei based-
an prewiaus dwvelo~n% programs far sys”e/aquipmnt of the same we as
wi11 be develaped under the new procurement. This Is necessary w help. :
detenmine the length of the reliability granth test period and to-pmvfde”. .
pm.ject management WIth a means of mni-arfng progress as Lie” test proceeds, ‘
Un~as othemise specffied. tie grin+ mdel of 5.3 shail be usd.

4.3 Test condltfans and stress levels. Since the pu~ase of_eel.faMIQ. -
_ *= IS = l-w falLu=s us wave+ weakness fn”design and cnn- -
panents, the tsstfng shall be done under the canditlans’like}y to be en-
countered In field use. T&rwfare. the stress types and levels shall be
,Sel~ USfng the MfS5fOn and e!V#fm~tel Fmffl SS and OCe~tf Onal,re-
qui~ts as guides. Typical detsiled requiruems far specific categories
af equipasust●re gi% in ~pendix 8 and E of ,MIL-ST&7~l which co?er t% four
typas of :sast anditlons. as sgeciffed in tte i.sstconditions/levels paragraphs
of MIL-~787. fie test condltians/levels wiil be applied simultaneously, in
so far as possible, and usually in a qcl ic canner.

-. .

6

.-
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MIL-STD-l635(EC)
3 February 197s

-..,
4.4 Test Instrumentetlon and facilities. Test instrumentation..and. .._......

.. .. facl1ities used In conduc?.lngtm tests sha1f be capable of prny~ding.o?. .. ....’
meeting the conditions of Appendix E of MIL-~0-781. -. - - “’::“ :::’

.
..

4.4.1 Tolerance of test conditions. Unless othemise specif~ad “i~.tbe _<_~-.:.
equipment specltlcatlon, ‘tolerance ot test conditions shall be as .follows: “.

:.”:

..
. .

I “,

1-

,..

:, -

I

I

a.

b.

Temperature: plus or minus 2°C 13.6“F) :. ..-........::.

Vibration amolitude: Sinusoidal. olus or minus : “:- :-: ‘.
10%; random;”as Specffied in MIL:Sh:610 and

.

MIL-STO-781 .
.. .

....-

4.4.2 Accuracy of test aooaretus. The accuracy of instrumen*-a&j .._.l_’L,__.L~_
other test equlpnent used to control or monitor the test parameters shall ..::
be Verfffed perfodfCally in accordance wfth the raquiremen~ of ‘MIL.C.45$6Z’
and to the satisfaction Of the pmcurlnq actlvity. Al1 ftitrumen~ “and
test aqui~t used in conduc~ing the “test shall: .. .

a. Confom to laboratory standards whose calibratfon : ~. ~.,.,
...... .

is traceable to the U.S. Bureau of Standards.

b. Have an accuracy of at least one-fourth the tolerarice” : ; -::
for the varfable to be measured. -

..

c. Be appmprf ate for measurlng the conditfons concerned.

4.5 Pm-test and Post-test conditions. Unless othemise specif.fed
herein,”or in me equipmnt specification, all pm-test and post-test
measurements and tests shal1 be perfomed at standard ambient conditions.
Standard ambient conditions are:

Temperature 23° t 10°C (73° t 18°F) ‘“”~

Relative humidity : 50Z 2 30: . ... .

Atmospheric pressure: 725 ~j~5 m H9
------- . ..-.. .

[ 1+50.8 m (+2.0 fn.) Hg
28.S - 76.2 m (-3.0 in.) Hg

I
Uhenever stendad ambient condftions must be controlled in order ti obtef n
reprnducfble results, the above shal1 be used with wha~er tolerances ati
required to obtain the desired precision of masu~ent.. AC~al. ~~ con-

I
ditions shal1 be recorded during the test period. whether “ctitrnlled or not.

4.6 Performance of test. —.

4.6.1 Pre-test performance. Prior to conducting any test, the per-.
formance level of tne &-st item shall be established under standard ambient
conditions unless test circumstances totel”lypreclude this. A record shal1
be made of al1 data to determine COMUIiante with required performance and
to‘provide reference ldbelS or criteria for checking (when applicable)
desired performance of the item during and at the conclusion of the test.

.

.-
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The g~test performance check may be made after fnstallation of the 1cam
fn the test faclli~ If fns=llatfon conditions necessitate {t. The con-
dftions.of this test wI1l be standard ambient unless othemfse specfffed.

. . .

4.6.2 “ Pe#mnance durfna test. Opemtfan of”the test itentis-r%ulred . . . .
during the specimeo test cycle ana a recml shall be kept of the date for -
comatison with Pmwt ad mst-teet Perfo=nce. ~e~ mndftlons durfng
the oetinmance check shall be those sneciffad in the eaulment smcifl-
“catlk and defined “fn use test plan. ..

4.6.3 Past-test oerfonnance. Operation of the test ftem fs rHIufmd
it conclusion of the test and a record shall be kept af the data for cm- ““
parfsan w{th pm-test ad during-test perfannance. The conditions of test
wil1 be standard ambient unless othefnise speclflad.

.

4..7 Faflum recordina, anel!mls. and comectfve actlan SW- (F%MAS~..—-----

4.;7.1 Closed-lam svstem A clas~-laap faflu-m data callactlan,.
analysfs. and corremve actian system is an fmoartant part of the TM-F
concept af the .mlfabllfty develaauent test. Therefare. the contmtt~r
*11 have ,acompmhemlve clasad-laap sys:an m fdentf6/. resort, fn%ttgate, :
analyze. and coti all pmbl@ne ar failures that occur @rfng the relfahllfe/ “
develapuant’testi, and prevent -rmnca af al1 problem ar failures.due m
desfgn deffdencfes. GFE Is escluded @less athemfse dfmctad by me procurfng
activiV..:..Thecontractor’s existing faflum re~rtfng, analysfs, and coi?ective
action SYS* ubsybe utllfzed witb minfnwm changes necessary to meet the
mqufmusmts of HIL-STD-786 and this tfscumsnt. ll!esysten shall caver all test” i
f- and the fnterfacas benieen the test Itas and the test instnmxntatfon
and facilfties, test Pmceduras, test pemannel, and the handling and aueratlng
Instmctlons.:- 3%8 systes!shal~ provide far @e .actlvitiesof 4.7.1.1 through
4.7.1.6.

4.7J.I Pmblee” and faflur8 actian. Ae the occurrence af a prob]~. _.
faflure tfiat affec-s satisfactory operation af tie aquiment, the Failure’ ,.~. I
Actlan pam~ph af MIL-~761 shel1 aPPly. . . .-.

4.7.L1 Pmble!n and faflum renortfnq. The Problem and faflure.rkporclng
shall.be In accomance wicn me Analysis of Faflums paragraph of MIL-SiO-781.
ne fnfamtian e be datamfned’shall fnclude, but mt necessarily be ;
lfmftad tg. me fallowing:

,. :.. .;-
a,: The test apemtor shall ffiitfate’the pmhl~ and failure

mm% .-rdfw ffiametfan Whfch will fndlcate symm af
failure,.wt candftfone at time of faflure. and fdentiffcatlan
af falled qul ment.

b. The cantmctoris repair actlvi~ shal1 abtain fnfomatian
far @c.. independent and d~ent failure and shal1 determine Clle
.&xte?ltof Cnnflmtion af me failure syapr.nm, fdencify C’e failures,
and canfina all retxsiracsion ~ken.
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c. Project or design engineering activity shall
analyze and iden~lfy all part failures, analyze the
equlpent design. and the corrective engineering action : . - -

.. .. ....

taken. If no cor~tive engineering action IS taken, : “ :-,. .. “. .. .. .

then such action must be justified.
..- ....’. -.’.. .

d. The contractor’s reliabiIity engineering activity
... .. ...

shell review the analysis and the corrective action to : : “”” ‘-. ‘.
ensure that reliability design is not degraded and revise ~“.”. ~ 1
the FMlL4and reliability prediction, if necessary. . .

4.7.1.3 Classification of failures. All problems and “faiiu&s. shall—. .-”..._-.ti.~
be c1’assi.fiad as specifled in the Failure categories paragraph of HIL:STD-781” ~
as.~levant unless detemined othemlse by the procuring activity.

4.7 J.4 Problem and failure Investigation. All problems, malfuricllofi- .. .. :“
and failures shal 1 be irivesGigatad to detemi<ne cause of each aqulpnent or
part pmbl em or failure, including Government Fumf shed “Fr%pe”Ry included
in or as a part of tbe test”item. The investigation shalT consist of any
appli=ble ❑ethod, including laboratory analysis, necessary :tode&%iine
the cause of fallora. (See 4.7.t.Sfor GFE aquiwent. ) “ :: “’ ‘“” “’ ‘“

4.7.I.5 Corrective action. Corrective action shal1 be .ss~s~&i-f.W_ ._.:-”..l”
. . in MIL-~751. Corrective action shal1 be develomd aridimolenented -” ~”

.,.

,-, . .

. .

.-

for”each pmblen or failure to prevent recurrence. Fomal engineering
change proposal pmcedurei are not required but the procuring activlty
will review the corrective actions at the scheduled status reviews prior
ta Implementation. In all cases. the failure analysis and the resulting
correctlve actions sisal1 be documented by the contractor.’ The effactiva-
ness of the corrective action should be demonstrated by testing tinderthe
san!gcontrol 1ad.conditions that existed when the original failure occurred.
I?ppmval snal1 iieobtained fmm the procuring actfvlty wnen GFE failures
.~quire corrective action (beyond repair or remval and $Gpl’acen!ent :
required). -.:...

4.7./.6 Pmblen and failure trackina and closa-out. “T@ eontr&tar. . . “. ......’.
.ihall include. as an Integral part of FiU4US , a memod of.tracking problems
and failures and corrective action implemantatian. The co,ritractor’sM=. ‘“”
.iitjing.prnblem and failure tracking system may be used with- rni’nlmum chimges”
necessary to meet the requirements herein. The st.rtusand.rikul~ af the :- “.
corrective action for all problems and failures will be”:rk+iaivadat the
schedulad status”revi=. Pmbl em and failure closure tk%hnical decisfons

.:for each problem and failure shall be reviewed by appropriate.contrac-mr”
technical management’personnel to assure adequacy of co’i’rectiveand closa-
out action. Pmblen and failure close-out shall require, as a minimum. that:

a. Cause of problrsnor failure has been identlffad
and undem tood.

I b. all failed items have been repaired or dispasitlon
detennlned,

I

9

.
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I

c.,-,
.

.— .. . ..——-. .——

d.

. .
—.. - . . . . ,.

e!“.

-- . ... .
. . f.

.._-

carrectfve ac:lan was taken to prevent or
fl~;i~ the recumencc of the pmblen or

If pmblea or failure Is corrected by design
change. that tie change has been inca~rated
and testd proving its effectiveness,

an analysts”wee made to detemlne if any nan-
falled parts warn averstressed and the aver-
stressed parts replaced, and

UM pmbl~ and failure report close-out has
bem reviewed by cggnizant technical.Snd
uxusagemxssst pemanne i w ensure carmcm ve ena ,
elaseaut action adequacy.

. ..
4.8 Test artaram reviews. The contractor shal1 perform test pmgrm..,

mvf ewe that sna1i ae scneuuled driles-~nesUsmughaut the reliability test. . “-
pmgmm end SISSI1 te Identified an the test schedules. Attendance at th=e
reviews will Inc!ude the P=WIK9 activity and can~ctar and their des-
Igated repmentatlves. The procuring agency shall be natlfted at least,,
ten days prior to the scheduled date “- Confine the test.pmgmns. mvfew: -
These reviews shall be dacumsnted by the canVactar and’included as an
appendix e the RfsltabilltyStatw -90s% ... .

,

4.8.1 Test medlness mvieus. A test reediness review shall be., ... . ..
planned end scimsulea at least seven days ptiar to the s=rt of any test
to assure tlsatthe test 1- and all supporting elments are.~dy M begin .“.’
-% The test readlmss revl- shall include. w the extent applicable. ‘~
me fallowing:

-,

..

a.

b...:

c.

d.

e.

f.

f.

Rsults of mliabilfv PredictIan and aKSlySIS.

status of design and fabrication,

results of all applicable previous US=, ...,

xusmary of the open gmblens and faflum,

status of problem and faflum closures,

availabllity of test procedures approved by
ap~pqlate pemannel to Indicate ~nical

sta= of pmvlauxly assigned ae.lan i-~.

4ss@mmst of ae.ian items resulting frcm tte ..
mvia, and

Camluxians of mvim (test start appmva.1/dfsappmval ).

4.8.2 stms mf~. Fumal revi~ sttal1 be schedulad at greslanned
mi1eatanes tirlng ane reI{ahi1iCJ de’ielapmnt ‘~st to pemt t “thecantrac-~r
and gmcurlng aczivle~ to revino the s-~tus of testing Including Gte rcsults

10
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I

“achieved. The status reviavs shall be scheduled In accordance with the ~.
“contract, usually monthly, and shal1 fnclude, to the exteis,tlapplicable, -
but not necessarily be limited to, the fo~lowing: “-”:“.: :

a.

b.

c.

d.

e.

f.

9.

. .

Current relIabi1ity growth assessments and pm- -
jectians based on test results,

results of current pmblen and failure Investl- :
gatians end engineering analyses,

prewnti ve and corrective action recomnendatlons, :

potential design problems based on the preventive
and corrective action reccmnendations,

status of subcontractor and SUPP1ier, or both, -
relfabl11ty development tests.

status of previously assigned action Items, and

assignment of action items resultlng from the review.

. .. .:. .

. . . . .. . .
.

-,. .

.
. . . . . . .

. . . .. .. ., .
..’

.

4.8.3 Test comoletlon review. A test completion revi@s shalj.bk.-”~ .._
Scheduled at the completion of any test. This review shall be-conducted ‘“
to evaluate the results of the testing in compliance with”t!!e*ui Fe-”
ments of the contract, equipnent specification, and this doctieisti .Thfs -
review shall include, to t!!eextent applicable. the following:”

.
a.

..

b.

c.

d.

e.

f.

Current reliability growth assessments and achieve-
@fltS based on test results,

status of open problems and failures,

status of preventive and corrective actions,

status of previously assigned action itsm,

assignment of action it= resulting from the
review, and

conclusions of the review.
.. ..

. . 4.9 Reports. Reports shal1 be in accordance with i41L-ST3-84.7.and.... .. .

AIL-STD-781.

4.9.1 Status”reoort. The contractor shal1 prepare a status re90rt
in accordance with HIL-S1O-781.

4.9.2 Failure summafY reoort. The contractor shal1 prepare and
maintain a failure sunsna~.report in accordance with HIL-STO-781 .

I
,. 4.9.3 Final reoort. The contractor shall prepare a final report

in accordance WIth MiL-fTO-781.

11

.
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. . . .. .

.-
.

4.10 Govermant furnished cmoertv (GFP~.” Equipnent, facflitfes, i
and matarlal rumlsnm ay cne govenuuem WI I1

L
US S@ciffed In tie contra~t.

Any 6FP tncluded In Che equipmnt to be tested till be accmpani~ by .
applicable axlsting reliability test da~. .

.

4.11 Inspection. The contractor shal1 pennlt free acres m hj~ “_. -:
facilities ?%r insp~tion of facllities and records by Pmcurfhg Activl@” ‘:,,
pemonnel ar its designated representative. .. ‘...

I .... ..

,...

12
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. . 5. OETAILEO REQUIREMENTS. The detailed requirements shall :Be as
:outlined in the equipnent specification. the contract ar ..order,or .as “.:
specified herein.

. .
:-..:.

5.1 Conditlon$ precedinq the reliability tests. 1’. - “:’:” “._,...

. 5.1.1 Functional and environmental tests- These tes~ provide “a” _.. . :“
necessaw cmpiemsst m the reliability develoixnent tests and shalTbe- -
completed prior to the sszmt of the reliability development tes=. unless : .
otherwise specified by contract. ..... ...:.

5.1.2 Thermal survey. A themal survey shall be performed in .
accordance W3th the the-l survey para9raph of MIL-S~-78~. ‘-”‘-::-—:=-”=

5.1.3 Vl&ation survey. A vibration survey shall be Made prior
to the initiation of che reliability growth test. The sumey shall-~– - ““

—.—

include vibration ampl1tude and fremiencies expected in operational
use (see the vibration test methods of MIL-STO-81O. ) The resulss of
“the vibration sumey shal1 be documented and shal1 be an ,agenda.i‘m
for the reliability growth test readiness review. ~~ -. :: .:

.
‘5.1.4 Rellabilfty test procedures . The contrac+@r shal1 determine -

the detal1 test procedures in accordance WI th the. rel iabi1ity.test-p-m-+‘-”
.,..—...- —

cedures pamgmph of MIL-STD-781.

5.2 Test procedures and raqulrements. .,. ,“.,.. ,

5.2.1 Eaufcmnt Derfomnce and opera~fon. The pef-fo~nce and ;
operation requlrenents and the character stlcs to be measured shal1.be

..-.

fn accordance with the equiment petiomance pasagraph of HIL-~-781.
Equipnent operation Includes on-off, usage, and .s@rmnt inPut VO1‘~9e
cycling.

5.2.1.1 Eouipnsnt on-off cvc1inq. The equipnent on-off :cycling
fs the number of times that equipnent wi11 be turned ON for preoperat’dria~.

..— -—

checks on run-ups. plus the number of times turned ON and OFF from the
cmpletion of one operatioml rnlsslon to the cmpletion of the next, in :

-“ nomdl operational use. Additional on-off cycling for nomal maintenance : -”
and repeir is not included in this definition.

5.2.1.2 Equtment test cycle. The aquipnent test cycle :(usa9e .:_..._
cycle or perfo~nce pmfi 1e) is the time phase apportloment of modes ‘“Of
ooeretlon and function to be perfomed by the equirxcentfrom the”CCMP1etion
of one operational misslon to the completion of the next. in nomal oper-
ational use. Test procedures shall be defined to exemise all specified
males of operation during each test cycle. Alternatlve test cycles or
performance profiles, when applicable, may be specified tn the equipment
specification.
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S.2.2 Perfarmsnce parameters ind tolerances. The electrical and mchanic~.’”
gerfatice .aucpucs and charact.eriSCICS co be man itared and msasured dUrfn9 ~he
test shall be speciffed”in the e@i PMm C s!=cificatfon md descI+bed fn detail.!n
the te$t.plan and test procedures and shall include the quantitative range of
dccefstibl8 perfamance far each par=~r. MY perfo~ce autsfde :~e~e l~l~ftj ~
will ,be.rgca@ssd as a Pmblea or faflure, whether or not the equign=qt ceases to
operate.

5.~2.l Hanftarfne. The specified performance paramet& showld be .“mn~-
VJred in order to mcoml pmblasm ar fei%res at any tfme they occur during the
duty cycle. Periodic mnf taring schemes appmprfata to operational use may be
used when agpmved by the Procuring a=ivlty. Suilt-fn test (BIT) tncluded as
part of the ecpsi~t desl~ shall be used as part of.the pmbleo! or fallum
de.~~ton mthad.

5.2.2.2 Maasuramnts. NSSSUmaents shal1 be In accordance with the
a&esummanta paregrapn at ifIL-5T0-721.

5.2.3 Gswtmnmental candftfans. Unless atherelse sped fled, the.tiqron-
~CIl candl~ians and Use camainations of envfrassmntal expasum” types and levels
to be applied durfng the test cycle, and thefr variance as a function ti @st
time shal1 be as speclffad In theIcantmct or IS@pnent specffications and tits
tSSt Procedures. Pmendlx S of MIL-STD-781 dlscusses Use test candltfons for
ml iabf11w qualiffcation and acceptance tests, including tie analyses necessarf
to .astaB1ish candlclans appm?riate the the particular system or equipment.

5.2.4 Tat cycle (tyolcal~. l%e general features of ane.,cmp.ietatest-.
cycle;”when tasuperacum CYCImg is specified, am as specified In a thmugts s and
illustrated’in FIGURE 1. Partlcxlar stress levels, rates and frequencle$ of
change, and agufpment @N-WF and test cycles shall be speciffed in t.. equipmnc
speciffcatian and described In the test plan and Last procedure.

Wth test itesaand vfbratian OFF, caol chamber tn lower temperagy~
and “allow $sfpmnt tmpemtiam to stabilize (@Id soak).

b. k7senwt Item tempemture has s~il ized at loner temperature,
turn aqufpsnt ON and perfana specffied ntder of p~peratimal ciI.ecks.

c. W ca4sletfn9 the Pmogeratianal checks. heat chmber to higtw.
ooemting ta!nperetum wfth test i tee ON and vibration ON and ~ca specffied
Cast cycle for Was speciflad. or if no tfm’ is soecffied far X haum. Unless
ocheml se soeclfled in =%9 equlpuant speclficatian. t!!erata of chamber Sasnpers-
tura Csange”shal1 average 5aC/mlnua. ‘Ulsa31specl flad by the pmcsiticg ad.1vitj,
the ctsaadsertaIPeratwm shal1 be cycled be- the uaper and 1mar opemtlng
tsmeretwss of the muipment durfng t!!isportfon af the tesc cycle at the
swci ffed rate and frequency of c%ange.

d. Upon ~leting &he SSSt cycle perfad, turn tSSZ f-~ and vibre-
:Ian OFF and allaw test itam samperatum ta scabill:s at higher temae:=cure
(heat saak).

14
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Uhen test item Cempqmture has stabilized, turn
equi&t ON and comence preoperational checks. ... :.”.. :

f. Upon ccntpleting specified number of Pmoperatl onal .:: ....

checks, cool chamber to lower operating temperature wf:th... ; :: : .. “-.”.;”
test item ON and vibration ON and cmnce sPecifled test. ::- : ‘: ‘:”””:
cycle for the time specified, or if no time is specified.; :.- : . .. ...

for &u hours. Unless othemise specifiad, the rate of - : .. .

chamber temperature change shall average 5°C/rninute. Uh.m. : - “” --
specifiad by the pmcurin9 activity, the chamber ~Pe.ra@re ,,
shall be cycled between.the upper and lower oPeratfn9 :.. .“.
temperature during this portion of the test-cycle at W.@:. ~~.. “’. “’”
specified rate and frequency of change. .. . .-..-.

g. Upon canpleting the test cycle petiod, turn test ~~~ . :.
item and vibration OFF and allow ”’tastitem tewerature W . :
?utai1$ at lower temperature (cold soak). Repeat Cycle .

5..2.5 Test items. The test item far the reliability.development
tist shal1 be ?rePmduction equimant as defined in MIL-SM.-Z8O. ‘GSE~ ‘--T :.
prepmduction equipnent must be representative of pmduc~i on Wipnents ~..-
in design, materials, configuration, and workmanship execution in . .

accordance with MIL-S-8512. Advanced development or e,ngineetingdevel- “.
opmant equipnent may be used when specifical1y authorized by the’.procuring
activity, The number of itens selected for test shal1 be based on equip-
ment cnnplexity. pmgrem needs, and the program schedule and shal1 be
specified in Ghe contract or equipment specification. Unless otherwise
specified in tke equipment specification, Gte number of items selected for
testing s.ial1 be two and shal1 be described in the test procedure.

5.2.6 Test lenoth. The total test time devoted to reliability growth
testing shall be based on the reliabi1ity growth model,.the axgerfence’of
the contractor, and the quantitative requirements of the etIuiPIr.ent’sM- ..
liability specification. The test shall be a fixed lqng.thtest and shall :
be approved by the procuring agency (as Part of the test P~a~) before .... -‘ ..
testing starts. It wi11 be the maximum the expected to achieve the
growth in the current reliabllity necessary to reach the predicted re
liability (usually in terms of ,M%F). Fixed length test.times of.5 to -
25 multiples of the required HTBF will generally provide a test length
sufficient to achieve the desired reliability growth.

5.2.7 Installation of test item. Test item shall be jns”dllad in
accmdance with tne instaIIation of fest Item in Test Faci1ity para?j~aph

. .. >

In Appendix E of MIL-STO-781.

5.2.8 Testing the set-uo. The equipment and the test facility
shall be operated after r+st item installation to determine that the
test set-up ope!atas prooerly under the required test cmdi tion.

15
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5.3 Relfa5ilicv arowti mode; . The Oua# reliabi1icy growth
model shal~us@ IIIplanplng Cne ~Mi program and as the b,lsisfar (, t

relfabtliei growth measur=ent and Vojectfon. This mdei is based un
the orsdse that. ff cormctfve acclons are Iml-encd during the cours$
of a development test program, the reliability gMwth (in te~ Of ,~F
frnpmvemenc) is appmxim.stely waoortional S0 tie swafe-+wot of Emla- - :
tfve test (operetlng) tfr.es. Mtth MTaF plotted on Iog-loa.PaPer, !Jsfn9 ‘.
MTEF as the miinate and cmulatf~ @st time as tie abscissa, ml”iabfltty ‘: .”
growth approximates a strafght 1fne. The slope of the lfne. m, fs a
measure of the growth rate. FIGURE Z fllustrates the Ouane reliabf1fty”
gMNth model. Referring to’FIGURE 2. we Embable ran9e *f ral”iabtlicY 9row~ is
represented by the two lines with M of 0:3 and 0.6. respect~vely. A
lower slope than 0.3 muld indi~te a relatively poor failure corrective
action plan and ad ❑ of O.! would represent no planned relfabfliei growth
program A S1OPC of 0.6 to 0.7 represents the maxfaam growth rate to be
expected when straq faflure analysts and cormctlve action Implementation
activities are carried out fn conjunction with the test program. The gmwtn
rate that can be axIYected for a particular piece of awipuent depends on th?
cmlexf & of,the hardware, the &xperfence of the manufacturer in developfn J
such hardu.sre.and the efficiency of hfs faflura analysfs.and carmctive
action system

The-st&s fn developing a relfabflfty growth test mdel are:

Using tmo or three cycle log-log gmph paper, draw
lsoriz%tal lfnes at the required MT6F value and at the gre
dfcted HIEF value (9p)~. ff the two values dfffer.

b. Plot growth curve stsrt pofnt at 100 test haum and
. N#cent m- .predfctedMTSF value (for fIT6Fsof ZUO hours.or

If the 9 fs.greater than ZOO hours. the growth curve
shoul~ start at ~ test time equal to SO.oercent of the ~F.

Omw lfne representing selected SMWth rate (whfch
deten%nes the S1OPS of the line. ❑]. The selected gmuet
rate curve is considered the basellne against which reliability
growth can be evaluated duriq the reliability development test.”
Appendix A dtscusses ~~ufcal growth rates.

d. The intafiectfon of the selected growth rsta curve and
reuutmd ,~F l~ne y“ieldsan aovoximecfon of total test time
reoufred.

E.O. Codier ‘Relfabflfty Growth fn zeal Lffe”, Procesdinas. 196S
Annua1 SWIMosfum an Reliabilfez, tsewYark: 1SS=. Jan., 8S=—.

Scme contmcto= estsblish an eaufmeent design gaal of 12S percmt
9G for Use predicted value of NT6F.

. .. . . :.
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,, Oum-ng actual testing.”emulative valu~ of M’IBF versus cumulative
test hours are plotted and coMPared with the selected growth rate curve.
Assessment of the reliability growth is described in 5.4. .In the event
that no failures occur, an alternative wuld be to permit testtenn}= : :;
nation at some fixed tinvssuch as when 90 percent confidence fn the upper .. .
test MTBF is achieved. This point is reached at 2.3 times the upper test
MTEF with zem failure. This alternative would necessitate adding a
fourth acceptance condition to the three conditfons 1fstealin 5.4..1. ..

5.4 Relfability assessment. Reliability assessment shall be a
continuing activity throughout the reliability Program but during .lf@-‘“

.....

reliability growth test period. it shall COnSiSt PrfMsm”.lY‘of mnitirin9
the reliability growth by comparing the achieved reliability progress with -.
the planned reliability,growth test model. As lon9 as the achieved re-
1iabi1ity growth corresponds favorably with the planned growth, as presented. :
in the reliabf1ity growth test plan procedures, satisfactory performance may
be assumed. If the growth is Sfgnifi,cantly less than planned (after enough
data has been collected to establish a growth rate), a careful analysis
must be msde to detemine the reasons for the poor performance. Probably
an increased effort wi11 be necessary to fmplement a COrreCti V.e .actf On Plan.
This plan shall be subject to approval by the pmcurfng activity:

- .

5.4.1 Reliability gmwth moni torinq-. The reliability growth shall be . ;_
I monitored throughout the test using a graphic plot of the observed ‘MTBF

.- .-..

espressed as a point estimte. TFe point estimate is the cumulative MT3F and
is calculated by dfviding the cumulated test time by the total of the
fai1ures that have occurred up to that time. The plot shall be made on the

I same graph as the reliability growth test nndel, described in 5.3. This. . plot shall not be adjusted by negating past failures because of present or
future design changes. This curve shall be identified as Cumulative MTBF.
The best fit (the method of least squares may be used) ‘straight line through

1,

‘&e first few (3 to 6) plotted MTBF points wil1 establish the growth rate
and can be compared dfrectly with the planned growth 1ine,. .~e sloPe (m)
of the best-fit strafght 1ine drawn through the plotted points. represents
the growth rate. .. .. . .

5.4.1.1 Reliability growth test conditions. The reliability growth
test and its associated failure analysis and corrective action activiCj”

..... . .

can be considered satisfacto~ ff any of the conditions of a through c
exist.

~
a.” The plotted MTBF values remafn on or above the planned ‘grcuth line.

b. The best-fit straight 1ine is congruent with or above the

I
planned line.

c. The best-fit straight line is below the planned line but its
slope is such that a projection of the 1ine crosses the horizontal required

I
WF 1ine by the time that the Planned 9m~ti 1ine reaches ~~e s~+e point.
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[f none of the above conditions exist. it can be aisumd that the
pl.innadreliabi1Ity growth cmnnc k uhiuved WI th the current Icvcl
of activity. This situation requires that a corrective actfon Pldn be
gemeraeed and. after dppmval by the pmcurlng activity. iamlwnented.
8efore the corrective action plan can be detemfned, a careful analysis
af CJsequipnent design and related failures shall be accmplish”kd w
asc~~fn tie p~blm areas and possible design mdificatlons. ,. ..:”

,. .
,
t.

5.4.i! Current reliability. As the =eIiabl.liw grmth test continues. “
the current MTaF gmnth ine should be constructed and progress toward ..... ...... .

the pmdlcted f4T3Fnoted. The current M78F is the cumulative
lfTEF divided by 1 -uL This line will parallel the best-fit cumulative
KT8F 1ins and indica- NT6Fs at a factor of ~ above the CUIOU1ative

I~Fs.
I-a

This will provide an indlcatian of whet the sncaothedpresent
reliability is at the cusmmt cumulative test time assdwill represent
*Useprobable value of ~F if no f-er Carmctfve dCtiOn were imle!aented.
fherefare, when the current iIT6Freaches the P* feted ~F valuet the
ml iability grabfchnecessa~ to datuanstmte the specified ml iabflity at

:.

a reasonable confidence level, during a fannal reliability dewnstra?.ion
Cest. has beessachieved. If this occum before the planned Cemination
of Che g~th Wt. the Bmcuring activi~ nbsYamsmve 4ssearly temln-
atlan date.

5.4.3 Alternative: nsavim averaae ml fabi1ity assessment. A
moving average of achieved reiiaoi1ICY may be canstmcced by arrangfng”
the failure cimes (accumulated test tfms becfeen failufe%) for the emSiP-
ment an test in chronological order of occurrence. The umving average for
any specific number af failures 1s.cmputed as the ailtnatetlcman af tie
failUM CfmS selected jequentlally and in reve=e o@er. Far example. .... }

c%e mviq average far &a failures fs aksined by adding the last tm
failure times and dividing by ba; far C!!reefaflures, by Suming C!!e
iasc three failure times and dlvlding by three; tid sa forth. The number
of faflu~ m be USN in Oe CMput4Cf(Jn fS a~icm~ but is ?WStficted
b ten ar less (see Ap@sndlx A). nis mme, if used, wfll.be identified.
as Movfng Avemge and the number of failures used for ccmpuLacian shall
be noted.

S.4.4 MT8F estimation from ffxed-lenath test olam. N73F estimetlan
frm ffxed-lengm cast plans shall be In accaroance witn MIL-STO-7811“-

S.5 Faflum analysts and carmctlve action. A clased-laap Sys-a
shall have been imleuencea hefOr’Scm scam Of the growth. test tb ““ — ..

Identify, report. fnvestigate. analyze. and cos%ct il1 problems or
failu= ma: acmr during the reIfabf1f5/ devela~nc tes-~, and Prevent
=emrmnce of all gmblens or failures due to desfgn deficiencies. This
systen (s desctikd. in 4.7. Relfabilfty growth will nac be at-~fned unless
an ef+ective F?ACA3 is implemented and rigamusly pumued.

.

.
20
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I
. . . . . .
. . . . .

5.6 Maintenance. Maintenance during,this test shal1 be limited.to
correction of fallures excem as fol1’WS. Preventive MI nunanc=s%~l “’-:-” .:.
be performed only ‘d the extent specificallY defined in th&f.LVt Plan or.. . ~ : “.:
on the equipment drawing or specification. Adjusmenc of”.oPerator’s “.. -” “-
controls shal1 not ‘oeconsidered preventive maintenance:--.Suspicion of . : -. :

.an Incipient failure “shallnot be used as justiflcatton for:mPlacin9”” .-.
a part prior to its actual failure, unless specified by She:Pmcurin9 : ::“..
activity that these my be rmoved or corrected durin9 maintenance” to .:. .. ‘“.
prevent failures during the nest operating Period. If Pa~. are re-. “.-’ “.-
placed during a non-opemting period. the incident shall be”classified ::: :
as a failure and apompriate action taken. .....” ..- -.’.:.-..””‘.

5.7 Test records. ‘Xhennot specified, test records shall be -
tiintained.continucwsfy in general accord with ApOendi~.O of”MIL~7~.-. :

- 5,s Cmbined envimmen~ test criteria. The enVirOmefitSl’Criteria ;____
to be used for reliibillcy develomenc testln9 Shall be. based on ac.ual

--..*.

environments that wil1 be encountered by the equipnent in the field.
Typical combined environments versus equipment usa9e cake90ries are P=-
sented in,4.3 and Aopendix B and E of ~IL-ST13-781. ..-”.: “

1-

. .

. .

,..
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6. NOTES ANO CONCL2D~I’lGMATERIAL.
... ..:.

::, . . 6.1 Orderinq data. Procurement doc$ments should specify tb&__._,’–_ ‘
following:

a. Title, numter, and data of this sten&d.
... ..

b. Application (see 1.2).

c. Classification (see 1.3).

d.. If testjng may be initiated
a pmdlcted t4TgF(6P) ecl~alto or greater
(see 4.2.1.1).

e. If GE is not exclud~d (see

. . ..

,.. . .

when the design does not ~a~je::
‘hen the upper:‘~st :4T2F(aa) -. :

4.2.1.2).

f. Growth model if other than the one specified fn 5.3
(see 4.2.2). .

9. Tolerance of test conditions if other than those of

.

h. Equiptint, facilities, and material furnished by the
Government (see 4.10).

i. If functional and environmental tests are not required to
be cunpleted prior to start of reliability development .tests (see 5.1.1).

3. Altamative test cycles or performance profiles, when
applicabl$ (ses 5.2.1.2).

k. The electrical and mechanics1 performance outputs and
characteristics to be noni-ared and measured during “the t&4t (see 5.2.2). -

1. 7he envimninencal conditions and the “combinations of
environmental exposure types and levels tn be applied tiririgthe”test
cycle, and their variance as a function of test time (see 5.2.3).

m.’ If the rate of chamber temperature change is not required to
average SoC/minute (see 5.2.4 c and f).

. .
if nmber of iternsselected for testing if other man two

(see 5.2.5Y:

o. Extent of preventive maintenance (see 5.6).

).

‘. ...
23
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6.Z Oata remira!nents. Oaltverable data required by this standard ~.
fz cited fn ‘Che fallawing paragraphs.

—...——..—--- -

Paragraph

4.6.2.S.2.2.
S.Z.4,S.2.6,S.4

4.7.1.s,s.4.1.1

b.a

S.1.2

S.I.3

S.1.4,5.2.2,
S.2.4,S.2.5.5.4”

5.k

.

:.

oata Requirement

Plan, PaliabiIity Test

PT~, Corrective ActIan

Pdpart, Reli-ioilitystatus

Regart, Thenaai Sumey

Rapati; Vlbratfan Sumey

Procedures, ReIiabiltty Tests

Repart, Failure Suakzar~and
Analysis

Applicable ”OIO

01-R-7033’

01-R-703a

OX-R-2119

01-R-7036

01-R-7037

01-R-703S
. . .

01-R-7041
.

‘presaringactivity:

(Pr%t-J! RsLI-t4a07)

24
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...
NOTES ON OUANE RELIABILITY GROUTH MODEL ANO .

. AN ALTERNATIVE APPROACH OF MOVING AVERAGE
... . .
,,.

io. “Scooe. The infometlon in this appendix is it?structional-fn nature - -
for t!!egu=e of the procuring activity and the contractor fn~”anni ng
a reliability growth test. It does not contain direct requirements of - “”
this standard. . ......-

. .
20. Ouane reliability qmwth model. .. .... .:— :.. -——

20.1 Gen$al. In 1962 J. T. Ouan&’ issued a report that postulated
a growth m=ch easily utilizes and explains growth test resulti~-dnd
gives an early rel.iableindication of where the test is headed and how
fast it’s getting there.

Ouane’s postulate was t..atas long as reliability impmveme
continues. his mathematical expression would hold, equation.C,l.

fi effort

. .

- AI =
H=
F=
KS
m .=

cumulative failure rate
total test hou=
failures during H

growth rat~~
constant de rmined by circumstances

c-1 ::.

The original mathematical model was expressed in terms of cumulative
failure rate;but,currencly. since equiPent reliability is general1y ex-
pressed i.nterms of MTBF, the C-2 equation ~i is used.

c-2

MR * MTBF - required

Ml = hTBF - initial

q = time at wtich initial data point is
plotted (pre-condicioning time)

Duane, J. T. Technical [nfomation Series Report OF 6Z140300,General
Electric Co., DCWG OePt., Erie, PA 1 Feb. 1962.

E. O. Codier “Reliability Growth in Real Life”, Proceedings, 1968 Annual
Symposium on Reliability; New York. IEEE, Jan. , 1968.

m has been subs.t{tuccdfor -, sincc . is the symbol for producer’S risk.

ASD-TR-7:-27 “Rese,lrc!7Study of Rad~r Reliabili :y dnd Its Impact oc
Life-Cycl,!costs.for the AP12-113.-1!9. -120 & lU Radars”, APril. 1973
AESO, Gen?ral Electric. Utica - pg. 41

25
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Tt = time at which the instantaneous H’T’3Fof
,f-- the equiwent under C.sstwil1 reach the

IWEF requtrenent
m * growth race

Nanrbslly.the tumular.iveW6F (M ) is measured in test and converted w .
{instantaneous(or current) ~F ~f41) by divfdlng by 1 - m. that i;,

MC. .

‘i=mi

The cumulative fIT6Fis P1OCWS vemus tumulacfve test tfmei a straight
line is ffttad to the da= andlts slope. a, Is measured. The current
NTOF llne is then dram p.sralle;to the cumulative 1fne but displaced
upward by an offset equal to The carmspondlng test tine at

E“
which thfs lfne reaches the required flTEFfs the expected duration of -
c.negrawth test. Much wfdence has been accumnlatad sinte Ouane’s orfgfnal
resort that verifies the ade@acy of the Ouariemadel fn rapresefdng the
real world of reliability growth testing. Fuchemare. faflure co pmvfde
the time and.dallar resources necessa~ for rel{abillty grawth is an error”.. ‘-:
cami cted much too often 1n reseamn, develaomenL test, and evaIuatian”..
planning.

.. . .

(. “’

20.2 G-th race factars. The a is Che average sloae af the..cumc- .
latfve MT6F cun’e, ,~, piatcea on 10g-10g pager. UIcerea sysceiieticand
dellberace reliabilicy impmvemenc effort is beimg made, m is usually
faund co Se in the range 0.3 ta 0.6. The value is:

a.

b.

c.

d.

I

Higher far analag hardware Chan for digital hard’dre.

Hfgher fn aqufgnent of”10N maturfCy C,,anfn pmducifon
harduare.

Hfgher fn Squimeflc aXpOSed to severe test conditfans
than in equfgnant (far e.wmple) unde!qaing bench tests
(fn other wOtis; the ability ca detect a prcble+ fs
directly related ca che abilirj af a aartlcular test
program W cause che failure co accur).

Higher tn propartian to the effart expended fn the
hardwa~rfenced relfabi1ity improvement omgram.
(See faotnaca ~/ on pg. 25) , “
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.:

The growth rate is influenced by: (see “footnote‘$/ on”pg.

(1) The systmetlc and pemanent removal of failure
mechanisms through taking corrective action.

(2) The rate and efficiency fn failure removal.

(3) The statistics of the underlying distribution

2’s)

.: ”..
“:..”. .-”

. .. . .

..”. .. “ :
of failure mechanfsms whose fafiure rates prevent : :
the initfally released system from achieving Its -.
full potentfal.

Rt3nov.sJof every systemetfc faiWe mechanism from a unffomly distribucad
set of sources resuTts in a growth slope of m = 0.6. @noval of al.ternaie
failure mechanisms from the same source distributlon causes a growth S1ope
of m ● 0.23. -’ .

20.3 Removal of systematic faflure mechanisms. Avaf Iable data fmm ~.
indust~ show conclusively mat products initially released for manufactu7e-

. .. ...

exhibit a MTBF that ts near 10 percent of the inherent, or latent, product
capabl1fty as predicted from parts performance.

~1> ~{~~ the ,Ilitja,

If Mp is the predicted :. .- .:
performance and 10IP .fs the initial failure . :

more, regardless of the underlying failure .dlstiibution; the
1nft;al”performance is evidently $/10. This fact fmplies “tia~the under- :
lyfng failure distribution is boun ad, constrained. such that the SUM of
the failure rates of all the systematic failure mechanisms which dilute
equfpnent early performance and the non-pattern failures whfch one accepK
and Identifies as AP is 10xP, that is:

Thus, %& , = 9X
S=ls P“

-—. .
___

——
-—. .

These systematic, or pattern, failure mechanisms have an associated
failure rate as that is relatively close to the equipment failure rate
1, but which is several orders of magnitude above and, .Cherefore, diS- .”
t?ngulshable from the failure rates of the parts themselves. The removal
of these Systematic $ai.1ures through an orderly and planned program of
test, analyze , and fix (T&4F) is one of the basic principles of rslia-
bility growth management.. As the systematic failures are rsmoved and
corrected, the MTBF of the equipnent wi11 approach the predicted FsT3F,
or ~ , based on part failure rates adjusted for actual use environments.

1P
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There are many practical facto= which tend to limit the value of m:

a. Failure races of oattern groblems are destributed
an both sides of Ia.

b. The distributlam are rarely symclric.

c. Carmctive actions are net always pe”tiect. ..- :..’..

d. Failures do not occur at the same time. . .

e. The corrective action qcle tl~ far each
failure mechanism is really not the same.

f. Eve~ failure csu~ is not discovered and .

aliminated.

7hese real-life consideration have led to the conclusion that a practical .
achiwable ugger growth limit of m is 0.6, a number borne out by extensive
I.ISIfabf1IV CSSt dau en a variety ef elSCtMIIfC and eISCtMIUeChani C41 - .
products:

. 20.4 Not& on olottlna. In general, only data points corresponding
- co the occum-qnce of failures should be retained on the analysis P16C “for

.——

....’. che cwpose of detemrhsing slope. For presentation purposes it is d.esirable
to update to time now and plot a point which includes all of the test time

. accmulat@ UP to time n-, even though cha last failure.eccumed some time
aqo. llsisis a reasonable pmcedura for gresentetion but yieIds (theoreticalIY)
a sl~ghcly optimistic peinc which does not have the same infome:fon content as -
a failure ~inc, and should not be includ~ in curms used for slope.determin-
ation. Uhen fitting a straight line to a Ouane plot, the csnmlative natare of.,’ ,“
the data mints should be borne in mind.,, The later points, having mere.in-
fomecion cantent. must be given ears weight than earlier~oints, and tbe
nomel curv-fitting orocadum! of drawing the 1ine thmugtr the center of
grevity of all the points should not be used. Unless the date is exception-
ally noisy, the best grecedum is to start the line on tne last date mint
and seek the regfon of highest densiCy of Pefms to the left of tt.

20.4.1 mat to olat. Far the basic analytical cume. the ordinate ts
cumulative failure rate (or MTEF) and the abscfssa is cmulatfve some~fng --

..—.

whatever is belq done to define fai1ure rate. It may be test onerate time,
cenoeratum cycles, mmber of tries or thousands of rounds of _nitf cn fi-1.
The model is sensitive to che relationship among failuti rate, impm’ca!ren:
effort. and duration of effort. but does not appear to care hew the duration
fs measured.

20.5 An single ef a emwth test alan. A hypothetical mmple of an ....
aQuinnent rellaisllicy gmwcn ces: will oe presented based on me following
assumptions:

ReQuired i4T8F = 4f30hours (also the predic:ed value)
Initial ~F (Mi) : ~5haurs
Grmth rate. m

,.

. .-
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FIGURE 3 shows the plan, m = 0.5, cumulative MTBF (Mc) growth line,
starting.at Mi and 200 hours~, drawn at a slope of 0.5...This,crosses
the 400 hour (9.) M’IEFlevel at 20.000 hours. However..to :obtain the -:” ; . .
expected test time at whfch the currant MTGF would reach 4Q0 .houm; - .. . .. -“”
the P1an 1fne (heavy dashed 1ine) for current MTBF is drawn paral1el
to and diSP1aced by a factor of 1 above the ~ line,:that fs,iat .. .

G
“values of MTGF ● 2 x ~. The test time correspond ng to the point “where “ ..
the current MTGF crosses the 400 hour ~F 1 ine fs the expected test tim -~”.
to achieve the fndlcated MTGF. In this case. it fs 5,000 .h.oursof 12.5 ““-’
time Q o.

. .

20.6 t40nltorlnothe qrowth test. The failure data from the ...-

hypothetlcal growth test “presented in TAGLE A-I has been plotted (x]. ‘ ‘“-”””-.- ~.
:.-. — .-

nn ‘FIGuRE 3 to show what nsfghtoccur fn monitoring an actYdl”TmF test. “
Yhere were many early failures and the Mi at 200 hours was .Only 16 hours. ..

fnstead of 40. To get an early indication of the growth rate, the fipt
seven.pofnts for the cumulative ~BF were plotted in the uPper left quadrint
of the graph and a best-fit straf9ht line drawn thmu9h the POintS. A.Ifn.e.‘- :‘
wfth this slope was then drawn from the 100 test hours and lflhours:MTBF.:
pofnt to project the measured growti existing at lfJ13hou=.- iiowever.ob- ~~...--
sewing the cumulative MTBF’s plotted hec~een 100 and 1.000hours,.i:t4s
evfdent that the rate fncreased (m = 0.73 ) and the projected.1ine .IJ?mug h...
those points would come.mch closer to the planned cumulative MTBF “1ine
than the fimt one based on 100 hours of data.

Instead of measurfng the slope to a~ive at m. the foliowing ma*~e-
mtical equation may be used.

LOG QT - LOG 01

m “ ~s I-:”- ...__

Uhere T = cumulative operating time . .

0- = observed mean tlrnebe~een failure at time T ‘. : .

Q:=inftlal observed mean time between “faflure at T1

T; = oreratlng time to the initial obsemed failure

M = a constant representing the rate of reliabi”liw growth

Plckfng of 91 at 400 hours for T1 and at 1000 hours for T:

LOG 52 -= 26.5 = 1.716 - 1.423 = .73
m = LOG 1000 - LOG 400 3 - 2.6

.

Thfs particular data tends to indicate, which is normal for growth tests,
that the first 100 hours of test data need not be plotted but should be
used to start the cumulative f41BFplot, that is, 104 houmai Ures = 10 hours MlaF.of
No; using the additional daL? up to 1000 hours, the current tlTBF!ine should
be constructed co determine if the projection of this 1ine could. intersect-.
the plan for current MTBF 1inc. The current MTBF 1ine is drawn thmuqn

~1 one half 00
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TABLE I. HyoO. ..-. .. thetical Oata for Reliability Oeveloment “Test. ~.-—-— .-..,.

.— -- ---- . . . .. ...—
“Cuaulatlve C-T~jl ve Tfma Cumlatlw
- Faflurn 3emess Hi3F

Cuunt. FafTu=Time. . .
.,. -. .-’

. .... . -—. ..... .-—...

.-

:.

a
i3
20
30
42
5

lE
136
177

g
372
473

1
3

1
2

WfliiG AVEWGZ :4T3F
uSi Gb4S :AiLWia .

(: Is TWnlcw: :.-

2 3’- 4 i’- 5 ““ ““-:
—..— ----- . . .......... .-.

0
2
4

:

1?
14
la
24

$
46
H
72
91
i14
142
179
22;

337
372
39s
419

a
a.
3:
4.
5:

$

16
21

H
41:
52.

:;
1o2-
122.
161.
292
25+
30s
352:
3a3
407.

Q
a
o
3
s
7

1?
15

:.
30
38
67
53
74
93
115
1&6
la3
2:0
291
327
366
395

0
0.
0.
0:
4:
6,
.8.
10.’
13

;:
27.
3+:
;3
:!$:
67..
~;

i06:
133
iz7.
209
256.
301,
342
379

31
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:41[ .“.m-lfilf(lx)
I ls.lwtl.lty 1’1/11,,.=.,.,

X:NF Vdlues eouaI to ~ x cumulative MTRF values at the 4fYland 1000

:wur cesc time paints:

at 400 hours : ,~~ = 3.7 x 26.S = 98 haurs.

at 1000 hall=: 3.7 X 52 ■ 192 haurs

%is Is line - ~ -, labeled projected cumulative filEF.and is abserved ta
cress the Plan currant RTEF line at 800 haurs and crosses the 400 how tITEF
. ..:e at 26S0 hou=. well ahead of the plan. This Is due to che higher than
:14ml growth rate.

[t will be noted that the c~latfve 1~~ plot never Qat higher than
123 haum using the 2S total failures that OCCUfMd In the 3099 hours af test
~!~. It Is necessarj to count all failures when calculatin~ the cumulative : “
xTBF za maintain the nearly canstant growth rate (straight 1ine) as failures
am accumlated.and m enable a realfstic omjectlan af tie currant ?4T3F. -

tn.the test data olat. another slafzechange accurmd after 1000 haurs. .”
U; TSSCing indicaclng a slightly higher growth rate. A n~. current”HT3F”
am!dction could be canstmcted based an Che new Slage but the sample is ““ .::
small (S{X failures) and muld give an overly opti!aiscfcvalue.far mrrenc
.XT6r. ([n fact. we 9mnth rate fOr this hyoathetical test is cansldkrably
higlmr zhan usually encountered in actual practice.) The final result after
309J hours af test time indicates a current KT6F af about 4}5 hau= and a
C~UnaldCive ,HT6FOf la hOUrS.

:{
., An alternative method af manitar.i.ng

~

. rsli%il?%%%-~q”test 1s ta retard all failures and zhe
?imM of failu~ occurrence as *S dane fn TA6LE I and calculate a mavins
l.,e-aqe,WOF ~ USing the last fen fat1urns that have occurred and t..e
.-v~espgnding elapsed tesi time... The right-hand oortion of 7ASLE I
cmiancs me amving.avereges utilizing 2. 3 ... 6 fatlutis in the cmqJ- ‘“

:a:i on. The moving average far a given nwmer af failures is comutSd -
dS. Che arithmecic man of me carraspandifigtiMeS be’?#den se~ectti. s~~en-

. . ..

Cia; 1y and in reverse arder of occurrence. For example, the mvfnq average
Of -A failures is obtained by adding Zhe ]dSC txo failuretimes dn~ dividing-
>j tw; for three failures, by suesafngthe last three faflure tltis and
dfvidfng by three; and so for’cfl.The number af faflures u~ed fn me e&pu-
t.itlonis am~tm~ but should be restricted to ten ar less. Initially, of
course, awing averages Cannac be cmguced until ‘enoughfatlurex have CCCUrTW.

“ % cmes .betxaenfailures, sal”9ctedarti=tily for this examole. aryn~rranged
in cnmnalogical order and indexed by the Cumulative failure Caunc.
-Iative ‘@si cfm is me tatal of all tfm betieen failures “g Ca and
inci~ing the faflure time indexed.

I
. .
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40. Ccmarfson of mvfna averaae MTBF and Duane curren~ MTBF. [n
ccmnarino this aoomach WIch the previous 109-1og plot, It shoulo-be”noted ‘“
ib”i-”tie;efs no’easy way to Prdect the rellab+1fty 9rowtfs-and SO.estfpa:~
the test.hours rewired to reach the mquf red KTBF. For”c~isarlson purposes
the moving average MTBFs for two and four faflures were.Plbtted.oh ‘the:Zhafk;
of FIGURE 3. as AZ and &I. It will be obsemed that near the end of”test...”
the A2 and’A4 Points straddle he projected cu~ent WF 1We. - Therefaret :: .,
ft.appears that the current ~F value obtained fmm a.mane Plot is : --
-equivalentto the movin9 average of MTBF based on the last two. or thre@
fajlures.

Another advantage of maintaining a contf nuous plot, devia.tfons from -we
es&sblfshed growth rate are easily dfscerned and, If a falling-off ii
growth rate is noted, fncreased effort should be applled’tb expedite correc~..:
tive activity. Also, ff a ffxed test length has been smciffed; the Duane
current MTBF projection will indicate if the present fmpmv@snent-effort.is
“adequate to reach the desired MTBF. However, the movfng average:does not
tndicate success unti1 the actual va Iue Calculated reaches *@ desired ‘~af.”;
which UISYtake the entire test.length as requfred In tie S@le of TABLE 1.
The 24th fai~ure at 2668 hours dfd fndicate that the 400 hour MTBF had been
attained. but this is based on onlY one SSMPle and Gte~ef?ret has. a yerY 10wI
1evel of conffdence. .;:, .-,.,

i
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