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by tho- Research and Dcvelspmnt. Foard as-an agvmy of tho ('ouut.tu € ]
Its purpose wes o Mondté> and atis .zh‘c Anterest. iz Nlil— T o
Ulity mtters and Pecommend meastres which woild résult i Ao, reliatle. e

elactronic equipmnt. - . . LT S ,

ha Advidoly Group wag Continued uler the. Assistint Secv-chry oi! mrem

. (Research and Developrent); upon the atolition of the RDE-37 1953, and it vas - - =

‘resestablished {n 19%L~ax an sgercy of “the Drfico of the Agsistant’ &-mur of .
‘Deferise (Applications Engiheéiing), The pifacse and- m-—{\.rsmp rﬁumd CIREICP
q:sent 31¥y Llhe same duriig, theu»admnisl.rat.‘:.e charso R oL

In lite 19‘», {1 appeaied that. suftic.ert m"wlecge vas sv-\nabhanrd .. .
sufficiont irterest.aroused that specu'lc stéps could bé uhn tovard qm'xti- W, .
fying-rell Ability requirer = and toward s‘eremn.m «.xiub «teste -t mri!‘y S
‘that suéh requiremn‘.s are - met, Comequently, & program of: alne casks: in-the, * . s
-areas. of nuteriéil reliability mquirentnts, tests, desigh. pwcodures, co-comnta,
prcx'uroment. » pacKaging and- transport.auon, stc“age zm-d cccmt‘on and meinterarée - .

38 estabilshed, A {ask gFoua of pecple fron-the ! Lit.ny *\;-aartn-'rta and o
irdwt.ry HAs &sdigned ‘o, each of the-tasks enrb’ in 21656, Tuose RXTIN g*cxps X L
woid askod to.submit. their flndirga th the foraof Q report ul'ur ‘they had R

Gonslilered all:adpects of theip assicmd-tiskés: - = . - ’ -

. Tuiz dociaat 1z a consolidation of the ni:e task ghoup- nborte tnd is. ., .
fasued al this Wre only for hformtion.] pt:oaees. Jeihads or. 43 plénénting ’ -

4hé rocornrenletions éont ained in this n‘p‘vt are béing studied. vy Ucoartmnt B

f Defense afenciés. : . .

B o v -

“he rcc.mlcr-w of’ this r«mrt ave urped to utfiize any. sf .tnis “raterial -
Mat my Le ueeful ax‘k’ appropriate to their act'\ities. v ot

;- "

Advisory Uroup.od ‘(e.xia.m.u ¥ cr R
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PROGRAM FOR AGREE

. .
-

- ls Develop mineges scceptabiiity figures for reliability cf the warious .
types of militery clectronis equipment, These firures cossidly ray de expressed
a3 "tim “tlessn Tallures™ op some other truly quantitetive ressureneas, .
basiy upon whieh the figures arve determined shall inclide the factoms of opere
-atiom) rission Pequirements, maintenance, complexity, and such other factors as
my be significant, , ) : -

2+ Develop basic requirecents for tests te te adeceplished cn Sevelopment o
mdels which will-prove that tie desipgn is capable of reeting the miniecn e
acveptability figure for-reliabilily established for the equipment ype, These
tasts shall be designed.to be verforred either 4n addition to, er in sspjunction . ,
with, whatever perforaance evaiuations are specified for the eouismézs, oL .

. 3o DPevelop basié recuivemerits for tests to be accomflishd cn pilote -
production and un production mulels which will nruve conclusively.that f2e
. equipnent will meet the mipiswm acceptatility figure for reliability-established
for the equipment -type, Dwee tests shall be designed to be performed eoither fa -
sldicion to, or in conjunction with, whatever performnce evaluaticns aid woere C e

»

atioral suitavility evaluations are specified for ihe equipment,

ke Investigate ard recorient methods of specifying developmeat prozelures -
Lo insure that equipment desizns will have the inherent reliatility required, -
.Soze factors wnich might be involved are: (1) theoretiesl relia’ 115ty sredictien,
" {(2) thorough eomponent sricction, fuaiification, and application for secifie
.circuit enl eavirenment requirecents, (3) adequate -signal levels an? faeddack,
- and (4) mininizing the effects of mechanical shick, vibration d teroeraiure
on critical components. .. . -

€. Establish criteris and mcthods for speeifving the reliabiiity of come” - -, .
ronent parts and tulss in terrs of fallure rste as a furetion of time 2t . . :
environment, This it considered escential to a deterniriation of the ascant of
iroroverent.'derandsd in various corpoments to mmet the over-ali relfadilicy
fequirenents of the various types of electronis equipoents, N

é. 3.y present precurenent and contracting practices end regulaticms vo .
determine thelir corpati™ility with reliabiiity ckoectives, Mike rescmaadations |
for specifiz changes as o Aecersary durdng tle stady, Some of e fpstone”

avelved might ter (3) acrersiag the Smlenentatfon ¢ ID Dipective %, 15,10,
Thmiification f Policy Love=ning Award of Initial frodwetion Centrasis for
Jecraic ol or fpreinVised U0 t_ry Surplies,® dated Harel 17, 1958, {23 nevaxds

of seieclion vt Ceatra-~tore fep devolopaent and predoctiun an? the poesivilisies
of fnuindhiy evaluatlen oF the pitential contractors’ ability to prodace reliadie
dericna, ant (2) maluatlon of comtined RaD srodaeetion’contracts, (L §2 zaoe
aidering avari to Lowest tI27¢s entho mepenil ccrt fncluding oo ration ad
:.-.inw.)arro nirht be conpldersd {nigit be cetbrrined on basis of prezitie? rellse
‘:ll.ity o . )

T ovig
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7. Investigats present practices of pacxaging for shipmnt and )nnsﬁol;uuu o n'f;:
rotlods and recomrend specific irproverments which will snharce reliadbility. .
£. Investigate the effects of storage of electronic squipment won reliae- ".f
btility and recommendi imprcvenents uriere desirable.

9. Review prezent nethods and procedvs %o assure that the reliability of - -
equipnent in zervice 4s kent wp to the inherent desiga level, Factors which
sught oo included ares (1) maintenance based on performnce measuremect rather
than to meet rigld time scoedules, (2) marginal testing, and (3) personnsl training,
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. this dccument, the swewry has been prepared to permit exenmination of the Task

" hours mosn 1ife {=esen time betweer failures) to permit inciusion ss contractwl

. reguired by the nission or operation wvier consideration, The eovergge of types

Y
-

. ——

=

SUMMARY

In anticipation of the mh&y of ummt v, 1meting those who will study

Group finuings from three viewpoints, The first part divides the objective of
apecification, seaswerent ant mintenances of guantitative relisbility 1:to the
nir areas covered by the Tas. Oroup assigments, 7The sscond part provides a
corcarizon of related recommsndstions and definitions and discusses the signifia
cace of the sinflarities or diffsrences, The third psrt divides the Task Group
recommsadations fato categories by the.sffected sgency, termed "pncmnutt
agency,” “ecntraclor,” Tuser® and “Department of Defense,”

PART ¢ . - . . %
"'mkcwiszj . -

Task Group X has developed minimum-gcceptability figures ‘for the rﬂhbnity
of various tynes of military electronic rquipment, suitably exrressed ia tersw of . .
requircnents. For shipborne equiphent, the related value of percentage up tim -
is als> glven, These rigures were developed by determining the minimum seceptabls
probatility ¢f swccessful mission, tactical oparation or controlling safety .
reguirements through lisigon with coerational commands, followed by conwersion
via well-considersd rumerical importance factors to ea:h squipment catégory .

of mtseions and tactical operalions for the tiiwe Services amt categories of
elect-o'dc equinwent are representative and qu!.te comprehensive, if not exhsustive,

Mean lives are presented in tatular forn by equiprent type, within cqcipunt
catepory, withia Service tranch, Certain equipnent types appear in more than one
tatuwlar lotation wiih different mean Life requirements, Ace~dingly, procuremnt
age:xies vill facé alternative decisions:. te standardize on the longest mean 1ife
regilresent or fo grocure glven equirment types to differert reliabiliity requiresentey
Tre tectniques enpioyey for developing mean life raquirerents are fully explained
ty aspendives, thus permitting others to review tne technique esployed and extend

it 1o additiomml emfonent and tacticil situaticns, “The establisiment of atinimum.
accestaXilily figures for reliat 111ty in terrs of mean life is compatible with
the Tiniings of the other Tatx Grcups.

~agk Grous 1 'nctes that large dala-tandiing system (SAGE, Naval Tactical -
Mata Systen, Hs-ile Master) mave teen sitied from conefderation because of
s;3 %= comriexity and recemvends thatl futuro sttentinn be given to then, Sy
d:rau:'\-\, misellevcrme elestronic equiomen? is excluded. Sacuelty-sensitive
esuli wnt Las been excluded, as weil as noncoristant equipment, because of the
corratcations that thoy would datscduce.

Niile the Task Urcup, through renioulation of ~ortante factors, has
asiuctsd sdajmun mdn e requirerents fo» the various eguipment cavegories
WAl cEar U R20H NRATCD S$75N6N, It urpes tnat turther adjust ent shouid be
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thneidered by & more compatent authority to taxe into mecount additioms)l
fartors ralative to it~ avch as state of the art, comromised performante,
cost, Mintenance load ant aven test environnert, The Gruup Suggests thet
the talilen, an presentsd, be cdupted on te basis of being & first apprer o
ttion (after a review of parsmeter), and *hat informstion feedback betwwen .
turtical wers, equiparnt manufacturers and prozuring agencies be smpla;dd .
ar the primary bagis for any further adjustment of jman life requirersnts.

Task Ggg_ug 2

» ) . : i f
The assignent of Tesk Group 2 was to develop basie requiresents for- teste »
of developwnt mdels to proeve that the design is cupable of meeting the - -

extablished minimim-scceplability figare for relisbility of the equipment typee
Lrsordingly, the Group proposes @ %est which belantes ecomoay nf tine and - -

facllity saimt the rirurs of high sscurscy and rivk of wrong decision, and " -
tompleta rules.of pronsdwe are et forth. T

To arnist in examining the propriely for augnenting the test developed
hursuant Lo L ohjertive, the Task Group parephrased its assignmest as & ..
re:pest. to devalop ovilustion mnsne to give assurance that unreliable equipment X
. : will ret be released for pilot or production runs; Thiz permitted the Crowp 40
. cunsidor recnmrnidations for means of evaluating reliability v her than by

rallatility teats, recomwnietions to Ssprove the validity of Telinbility :
rvaluntivn ant .recormaniations fo~ ways af irproving reliability conneeted with
- “ch tenta,  The Group therefore recosmw.:ds that, In additien ta° the proposed. .
. trnl, & roview e mide of the reliabilit:- prediction prepared dieing the detarsi-
) mtlon of the davelupment project's feas-bility and that e review te made of the
" rentractor's effort on enmpenent test to railure. The Tesk Group belisves tha
tha alded veview offort i needed sixe the failure-rate- test-alone showid ot
ta U basis of decision Jor the following reasonss o s
(1) The fact that the time ani the nusber of modele’ Alable for test are -
Jimitesd places oroad confidence 1imits on results, At :

(2). The devolopaem malels are not necessarily representstive, as futery
orelwtion will unfoultedly te “rom ¢ifferent lots of parte «nd will te |
secomplisted with difterwnt process controls. I e -

(3) Tiw fatiure pattern of ths development widels i3 not necessarily .
reereseatative sven 3f all lote are consfdered identicel, since only a smmll

hustar of the mny posaibls earponen’, veriations within the tolsrance linits
¥l oerup i A fow ~ Uiy, s .

T+ this ent, then, the Oroup provides detafls for'a ¢areful review of
seliali ity predict ion, Fased on w review of paper design, and e progran for
Pt al teal b fatlere to 1deatify failure modas and evaluste ssfely factorss
Furtdar, they recorrend that a conpetent, encineering failure aaniysis-be sandae
Pory fur 811 test fatlures in order to iritiate adecuate corrective sction, The
e pecotsendy What 82} recomended reliability activity de suprrvised dy an -
fdeeradent evaluation greap tind 3s not subject to the interests or srejuiices

e oject personnl on the ztaffs of the contractor or procuremsnt. agenty,

For the fatlure-rate trzt, Lhe Tank Croup providés recormenisticrs on the
Eoptbpral (haeaclorist.es Lo te meagured, thé nundber of mxiels 0 be tested, the
Yend caviriein sl te by erployng, the proper dafinition of "failuss,” teste
neerplrore o piterta and Jata hardiing, All recormerdations sppear to be BUf-.
oo tent iy 160a13nd 10 permt U ir satisfactory implemencation on ihe basis of

2
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the customary squipment opcciﬂcauon, zpocitm sesn 11fe (from Test: Oroup 1,
and the fim) report of msk Group 2

Procurement agencies implerenting these recorsmndstions should (1) add &
Teqpiirezen’ thav all design recomendationz resuiting from the test  rogras be
coregisered for incorporatica into tre gfroduct desiyn and (2) prescridbe a course
of zctird in circumstantes v>sre develnrmert sodels fail to pass the test

requirerents, Lo the extent trat they sre Judped ureuitable for pilot or .
profuction runs. . ‘

Task Group 3 .
Tn sncordance with $te assignwnt to M}.op Wels requirements for tyste
of ,ilst-vroemuon and produstion modals of eisctronic equipmont which will .
arove corclunitely that the wquizawent will mest ihe-sptsblished minimume
acceztability figure for relialility of tne eculpment type, Task Group ) submite -
epecific testing methods, togetner with easentiaily sll Us details orosssary
for taelipr implemsntation,

The recommended testing methods nro-dde cpec‘.!ie routines for (1) relta™iity
index {mman 1ifej evalvation of pilot-producties etuiprmnt, (2) reliability index”
evaiuation of prod.ciion equipment and () irgevity (U eqaipreni's useful -
service ‘1ife) evaluation of p.m’--—grodut tion andfor production equipsent. ™)
test routines permit, rerpectively, the astabissumént of (1) the ecutpmuntte =
caratility of meeting a ninimus reilabilisy =wizirexent, Yaced upon the irsatest
ecomzy with respect to Lthe nusier 5f equissrnte tasted and the tnsting time
regutred, (2) atatistically coreiusise proeof trst an acceptable percentage of
quantity-pruiucod equipment mects » xiniw~ *41ity recuirement, vith ragimm
econory of testing cost and time arvd wi%, op *walting time” for test risults
and (3} conclusive proof that equipment reilat .y dies rot degrade below & pive
serited sinmtgur level during the desired L..f cf tie esquiprent,

Testing orocedures are. devslooed so trae. trey are reigonably Smune to -
tan:erir-g ty the esnteactur or by prejudiced testing nersomnel, oy reans of
sr.ected reduniancies 4in dats haidling. the testsirg reilcds are rendered
reassmatly self-chneking and toeune %o errcr: in Zats recording, Specifie
weans 77 aciorplishing the ermiuaticns are an tes Tors of deistlad testing
=8 018, circursceribed by comalete rulas for nd.»‘nn'nuon &l proécdure, -
Toe oaiy electie naramters left to the prio-ring sgency ars those wideh -
identify minirmum mwan 1ife arf the extent or ,»1-'/’. gt tiun, relute contitions
cf eqslzrent end use to the lesting crocedure an? releter cenditions of pro-
cirewnt ~olire und scheduiliyg to Via testing =es»rme, Faclofs that csmnot

f’e:'. evaluation concluzione 2ut can alffect Lesting convenianre are left for
iection by Ue procuring agency or e contracior, :

Toe Taxk Croup's essicneent requires tint Lis ﬂ"‘""v" teats pmvm con-
elurive '-ro,.. The recomemried tects astatlisy reraf to 8 degren of conclusivenses
that is cust«o*nrily secapted by esta. fnned qualisty~ontrol repimps The Task
C»r.u.: ras provided all necrgenry fupise 46 rereit test reviziun so as to reduce
.:\e i8¢ S the procurement agery and/ir contrictur & . statsver ‘legree is cone

'e—ed deriralie to achleve such adiliticnel cuoriwaivensss at edded exponse as
.':ty Ya neceneary,

G, Croup recomaends tont trial ixleremtaticns te run comurrently on both
the A riaed 'znrv'-ﬂx-odrt'-n w4 e ;sx-'/.wtim 3% Ly telocting A var.ed grewp
Of srir vz wa% cuntracts on which . tn. peliat Lilty terle a7 e wade Mmrdatiry,

4L fusner r»co*x-ndmi Lakt tna et eirctinie wmite Ly the procuring 8yedcy,
tha st Lragmecs mde by tic conteazt £ oand Lre Ltimmtle finttngs te reviswed
23 cirrazet with later Jteld u?"““. steont, 3 oy am Paunt satiafactory, then

L2 Ye-tling requirermats shouald he citformiy a.",-‘.c" *2 ol elentrenic procuresent, .

3




o . T ' Task Growp-4

< Tie assigheat for ek inex 5 was to investisate e0d rec::emad methods of

specifyiyg Jdevelscnenl procedites ¢ exsure thal equisment designe havz the

mvquired inhesent rellatilitr, S:goested factors ..r concidevalions ate (1) .
necretical p-e.icuon of reiiatilite, (2) thorough selectics, quaiificadio:

37d arplicatien o2 coaponents :'*- <~\."f.c eirenis and enviromwnt nqmnnu.

. {2) atvguate signal Jevels 3ad Zeediscik and (4) redictaon cf the 2f7ects of
oo .. michanical shock, vibeation axt .ez;eram -on eritical components te the 1mest
. . ooscinie dew. ..

KN - T In cowl.mcn, ihe Task Grcu Mas subritted recownnded dovelepment £ro- .
. cedurey ine ninuryau:x.ar' fermte The Pruceduves divids the «wxcp-nt

. progzae into (1) & feasidilésy ::r\’ (R‘.u‘ 1) which tociudes thecretical relise
L .. ildty predic? ticn and is Lernt .1tnpcrtnnd(2)mac‘¢nmmm
‘o ‘ef zrtotyre models {Frase 27 12 ::"réaneo with speciZied Tequirements for .
the=ough selectfon, guslification ant application of corponents in selscied
circuits and in snticipases r:-r‘..-::nats. Logether with requirenents for dilisunt
arpraisal to veduzr Use eilects af aecoarileal shoek. vibrstive and Sempersiare. .

. while the proposed staxiss? 2utiines oxplicit neass for the tréatment -of -

‘ feliuare rales ona qa-.::tsu,a"ve m... in order to arriie 3t s nuarieal reiledility.

. rrediction, the preminiig fevelooment procedures are coneidered o3 & mere giale -

g : tive than quentizaeiive asis, ..x scope of erversge 18 coparatiwly somres .

. hensive, alvxomh -bs treataent cf each itex comsidered la sutﬁgm atbreviated
to neke the specificatlon usef3l for rapid ntmmt. s
Azbroggh Task ' drap L secoreids that the ?usa 1 moﬂ. ve fom! scoeptatie
. Sefare the comruter ;:‘.';:: ud 20 prucesd with Pnase II, the specilicatden
Rar been reepared &4 & fasnitn waieh perxits beginming Fhase II while miuu
. arieaval of ‘the Phase I rercrt U the custcmer, .. .

" The Growp exphusizes tait tne fimst step in amming reliable equipset. .
is tO make the comirsciors' engineers thoroughiy farmiliar with the environm™t,
in wnich 14 s to Ye med; tie exmected minteramnce couditions and ereratirg
poachiems, . : ’ .-

: : . The mate rial sur-Atten vy Tisk Growp & 13 in a form thao is suftable fer
N A ssecination fadeiendentiy ¢ e other Tesx Orcups® findingss

Task Jrowp 5% assipnowat was 80 establish critoris and metheds far scect.

Teing tle -cn:‘n"v ol ~orcaent Taris and tubes in temms of Tallure rRle A2 B

unction of time 2nd envimcoonrs, since this'is sorsidered essentiai to a Zetermie
-u“ o oof L arxunt o taxsTennt demmnied to mpet the otwredal reiipatilicy
regatrepits of ewrttreniy evl.wnia. After careful study, Task Crewr T fisdds
$lal rrezeal ulitacy sooreye -t tecilications do oot sesure the achlevement of
Lreent’Y recded relalioitr _tvels, Towgomnt gdilficatiosn ....pr':&. resully
£y ealy dimated oracl o8 rim ot design comblllicy &g it provider oo prrumce
£ oany letopalnakle Tiluw vete 10 00 -.v:'tr.!. reilxriliny al suy ievel, Present
wii%aTy Lmtes it m=Lettres B4 ascordance with toese specificatiogg 4> nc' relice
roiial LIty Levels vw LeT T oeld wz iata for mx.a‘-‘ ';r 2ASUAAS,

&
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. Performnce requiresents cf present mili’ary ccaponent rpectificatiome do
mot reflect present requireswnts for end use, and, wiis the limited information .
£t hant, 1t L: {aposaidie to revise these specifications o reflect such a
relatisonskis <» a statisticaliy valid manner. ‘echods for environwmental ‘test
0. compenents, as contined in speeffications ML.STI22 and Miu-E-), do not
perzit the establistumnt of fallu-e-rate cata, nor do they correspond to anticte
pated environental conditicas, The failure rates of mcst presemy military
corponents (and the materlals of waich ihey are corpoced) for single envirorments
are generalily unknwn; they are entirely unknown Jor ce-h‘md c:m.rcnt'z.tl.' “.

ot ey, -
A
‘

[

Gavernver. regulations on drafting compunent srecifications wist de aneaded
tefore those specifications can sstablish reiladiiity regitirements besel on
faliure -rate $afopmations. T0 be sseful tA the equip-ert desigrer, inforastion
on failu~e rates of cesponente st includa (3] tue percent that fafls per unit
ti.\', (2} the eritizal failure mode, or mdes, or the paramvter claige to wnich
this f2ilure rete applies and”(3) the relstionsaip of this feilwe rete to
enﬂrcwnt. ’ . L.

F NI RN

e e £
*

Task Sn3p 5 has prmrided a test procadure for deuminirg the nn-uney
of ¢ ponent parts axt todec, either in terms of fsilure rate, wilch my D% used ..
for esu’lprmal relia®ility cslcuiation as recormenied b, Zask Geove k, or I8 special
paramtric terss that aoply %3 equipment selisbility. , The cimplete derivation e! ..
this srocedite, from 1 siatis tical standpoint, is sneladed. .

o Growr recommen?s *hit action toward achieving relisbtll tr of coapomnt

Perts sxd tudes be grr | L, .ov&:-q.d‘. with tesporary masires to mintain the
preseut segree of inher~r. rel.ability through a nore eritical inepertios procelme

, ana tharuph sexlannual rejua -Cfication with greates erphasia on relisbility sather
than qLality, AL the same tine, new spe.iffcations should b prepared to reyutse
A scud cvalaation of fatlurs.rate versus severity of teat, :ztemt.sboum be
niae to prepare 8 new standard set of test eavironnents for sl compotents, A nrw
syster .33 be developed to determtne and identify soproved suppliers, based on

: . taeplant Juelity comtrul, with s periodic redeteraimation of approwal Yy a review

of ineplant quailty.control recomise As part of a revized gualificatlon approval, . .

-3 lapge sasple of the product should te tested te estadlish primary feflure rates.

< war
=

R Sl

Task (rop S further recomieids that a Teranent grovp, at Departort of
. Defanse isvel, te estavlished and fuxled, thet it be composed of personnel 3
. repn renting industry and tha tnsee Services in the fields of research, “rvelop»
ment, staniintization, procuresent ant quality assurance and that this grour be
ch»rge.’. Vit*‘ L task of developing «ilitary corpenent .apecifications, testing .o
- - eorwor ;\q‘ts for desisn capedilily 2nd developing inspection methods,  Toe
sroud sno 4 acsunlate usage reports, faliure reporte and reports oa controlled *
oxperieats “cr use in monitering the corrmlation tetusen 2pecificartions,
manulastoresst - quaiity eontrol amd chserwd Aatn, in crder to control the cone
tinuation of each comoncit manulactuser on the adproved 1ist. The work of Task
L Group § gacwid le coftinued Ly g peroanent corafitee of industrial avd mdlitery .
representat:ves with puic'V—':r 113 power, “his comiitiee shculd review the
nresent ailita~y offont to conrilnale amn eltrinats duslicaticn, &Kie recom-
meniationy regs -”'g, the need £ conlrazts to do specifiz cutside work, cstablish
means for fissexinatisg: Inf-rmation and establish policy for the creaticn of
eontresling drerwats corranson ¢ specificaticar  wiick contaln wse and appli-
caticn notez for high reliabilifey and srecial envirorrents nct covered ky toe
specifizations,

v oxrd
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"2» assignment ¢4 Task Oroun 6 was ts stuly cresemt procurenent and €one .
ting rractices and repuwlations to deterwine sy sespatidili.y with

*eshb...ny oojectivas and to rake recomgniatics for specific cranges a8 -
'o.md necessary, The Growp noted that some ef ::e Paetira dnvoives night be

he followingt (1) assersment of the Lmplensztatien of DD Direstive Noy =
L)S.n. *Amlifieation of Policy Geverning swa~? of Initisd Frodimtion Cone’ -
tratts for Technical er Speciaiized Military Suwrslfcs,” (2) consideration Qf )
mthods of selecting eanteactors for dertlm ani production s the
possitilities 3f including an evaluatlon af 3 pitential conteattw's amm o
- produce reliable desigra, (3) evaliation of ecabined BkD productios contracte
and {4} coneideration of over-ail cost, Sn.l.d..-t czeration an miiatesance {on*
u;; Basts of prodicted relisdility) > when coml ering a aum w» th: inmt
tidters

v

The’ ‘l‘aak Group iz vonvinced that relfate e..act-vnic equi;:nuz eannot b
pescuned tnleas tne. comtradiing officer can fatermcrat in hie comtracl'a S
comrehensive set of techaical specificatisne n..‘.:h, 3¢ et vill sxdute .the -
de..m of relisbility required, Task Grow ¢ fials that existing rrocurecent
1w and reguiations are Adeq-.nu and gurliglestly flexible to mevxit the. o A
sessction of fylly qualified arcduters (with rearect 2o ﬂn‘bmﬂu "P“e“u’
if ali opocuring agencies .a‘torw intorzret’ and inrlement exiatitg quidance '
docunents of the Tepartant of Defense and the I7iae ‘of “eferse Jeisilzations
Thus, while not vecomendiing any-banic change §= regiiations, the Sask Group “s .
does strongly resomwend stanfamdizsing the {xtemrsetation of each clause $n iy’ T
Armed Services Prosurenent ‘ieg..huom aning 23%.0f :ha mem mﬁcuc‘ N Cae e

N

The Grovp belirvex ﬁut ;moczreaent. apencies 2an wlemtho tsﬁru or M
Grouns 1 through Se-in the fora of specificatizmsests procate relis®le eguipmerte, ™
Pedcurensnt thols prraeruy avrilable to ersure fnproved relfability are: (1) the:
use of cogtetyve or redetsrriinmadle contracis m.‘.—*w inittal predustion runs, {2), an
ahillity te co')tuct. for extensive tests Zuring "-.4 ¢ Pune and prioe to full pree -
duetion, (3) careful selecticon of highiy quail’s sontractors by using a progedure
which evaliates ths contracis® present and pchn* Al capabilittes, (L) sestsiction

of competition to nlawned suppilers, once the taee Zas been estadiinied, (5) pro-
vision for operational teats, is neededy wrice o azce~tance and (0 paovision in

the sroductivmg contrast- for a pregran of eon ‘:mé racduct Smrmmt. 'L'aud op - -,
cuntrolied tasting and field experience, o

.

Task Growp? - . . - . .

.

748k Group 7 was charged with Luvestigating crezent rractices of preraging
for shinnent and tra-sp::".at.‘m. aetlols and m.mmz'r, L*provemnu shere
desirabie,

Anzag the suhjacts L::vrs':igau\i ry te Sross wire: (1) the effect of closer
icnshin tetwern equitawnt dlesipners and rasaging e'gineorz, {2 v present
fortage ~f informition on cusalsnang 10 davwed ‘f-.u.c ferces, (31 preseat proe .
ra0 t2 obtaln hetter fieli data 2 ine carkwlars of ewaeounieced xoomcy and L
ibratién during nandiing and transportatiss, ol iy experienced o lerviee -~
ra.eriel dur 'mg roug:, daniling At toansit lecsoce of Latk of ademuate Blocking !
sing of e'ui'w"mt ~acks witnin the Sramepertation wedla, (3] e divelope -

xS

&

s
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mnt of specafic test m: to xore clesrly simulate transportation and
mw anviruowe 2.3 (0} gensrel darege dw to isproper packuging ad
- paskings

. . As a result o tigre mstiuuom. ihe Task Crowp has mece senu)
. T recommndationss N-uitlng reiations tetween the equipment designer ard the
‘e packaps designer should de continued and impwoved, Empbasis on improving
. container desien shouwid de eantinved, with an sffective feeddack from present
stulies on encountered shock and vibration during handiing amt transportation,
There ahould be irproveseat and anfoecaswnt of all requirements for olovking
and bracing, as containes in gii applization ruas, regulations and tarisfs.
he specification now ia prevaration covering mt procednres for simiation
of transportation ané kandling environvents} should be completed as rapidly as
», * possitle, Fimlly, the Tnex Oreup Secoxmends that elosé collavo.ation be
mintaioed beiveen the mmnt. the equipment dcsi(ner and the comin-r

» -

1

designcr.

- . . .

ask Group 8

- Task Group & was asked %o imuatigate the effects that storage has wpon ﬂn
reilability ol electronie egulyment and to recommend desired Lrproveieats, Based
L upen its study of failure<lats records on equinment stored by eiSht agencies, ths
. Task Group concludes taat frilures from atouzo are not aignﬂiea’nt in eowhon "
: ult.b other failures, . R
- ?hc Creup found that mihble data recoxds were uemny quiu wfnet £
_ ‘soth with respect.to identifying those Tailurws specifically chargeable to v
" storage and tm ruwder of epuiument ctored. In fact, the greatest bulk of dats
{from tha Air Hateriel Comand), eovering 10G.000 failure reports, of wuhich: LSk
were attvibuted “o stcrage, contatned no inforzation on the total nuzber ef
- aquirrents from which the fallure reports were drawa, Thus, it vas necessary to . -
estimte an over~all fafiure rate of S percent in order o dedwe & quantity of. .
v willion equipments and o conclude that the rrobable storage failure rate . -
w3 not move . .2 0,0225 percemv, Suwarised data from all e1gcht sources, .
including the foreroing assaxgpition, as well as others needed for statistical e,
conclusions, fudicate 920 Zailurew from 2,019,772 equigrants, wnich permts a
* staterert of 90-percent probability that the storage fatlure rate Iies totxeen
T 0.035. and 0,0L0 pereent,

The Task Troup nom trat -tben 2re consideratie data in nilunry 8108

" shich, 1f converted to -3 sta~dard form, could be ruchine-protessed to yicid

T Amproveq statistical comclusivne conceraing failwes: reswuliing fron storage, .
In fact, the amlvsis of such data would rrovide the principal justificativs
for its nast collection, Zre Groun further notes tlat field ingpeetion and
sinteaance prvided to assaw cquipment cperability, within perfermmmnce linits,
should includs the regular sut-desion of peports of findings as & basis for
misfications if design and mrufacturing, | )

Un the basis of a portion of *he data examined, the Growp belleves ﬁut,
heconse of tha. variation in zecur ¥ and precision of test equipment used in the
field and in storage testa, a cr siderable percentage (at least 20 percent) of
the vejection ant acceotsee -fecisicas made are probably invalid, It is believed

1
"o urmce of the Assiztant Sceretary of Deft-nse (Stupply and sogpisties) Rrujecs
0 o

1




1

that there s & basts lack of wrderstanitzg oo the part of mnagemest Mgarding
the need for the val‘4 aat -weim data 224 are required for selisdiiity atudive
and sstinetes,

. Even though detevizratisn in reliatilisy during stonge {3 ot mt&m [}
slgnificant prodblas, tae Jrvy mas the Zrilowing recomendationss

(1) The apnarerily wilsesvread philasy:dy that uhguau and valii Sesting
. and reporting are nob militay functione of primary .:portaneo, even 2izg
co peacetine, shouia de :-e\".mi.

oL, (2) Tost st imepect osrequi:exvemz sxould be revieved anxi arerdsd to -
. pruvide tre data mecessary fao relinbﬁ:g- z‘.z:diez. these data to de iz a ferm
. convenisat for recactizs and analysis, and sufiiclent authority sheuli Se wested
in quilty—control orgazizaticns 4n ali drenczes of the S&xﬂce Lo eneaTe s
- - proper collection of rese data, .

. {3) A planmea ,-\"—u fap ndxrim axt zmalyzirg data now ‘on 830 &m.d -
be put into effect at an ealy datas | . . -

.- ) ’ ’ {4) A centrasizad worsking group with A2 Depor'tt!d. of Defenme should b
: established on & coztiauing dwsis o cocrdirate and awluate umu.z:y data
trom all sourccs to enpute oper and px-mc' setion,

(S, The prog: st pronosed by Task Grexe 8 for recording al) field ust
operations, even in the abtywxe of failure, s’:mdd be comidond.

(6) The Advisomy Tocas on Rellabilirs o.' Slectroale Equipment {Am) shsudd " .-
consider a controlled ex-erimat imrolvi:u; the storage and testing of a stathatically
signifizant sample of troicsl elestronis eqaiseents,

-

Task Grous §

. -

- - Tazk Croup 9 war cxaxrged vith revisving sresemt sethods end procedaes %o
. : . assw» tiat the relifddility o equipmant iz service is kept agp w the ilalecent
. . desigr level, and it wis szgpested that Qe f:ilowing factors might de ineludeds K
. {1) maintenance tesed ot sirasumerypt of pe-'~-m'|ce rather than cn neeting ighd’
. ' : tine schedules, (£} masgioald testing and (3" rirsomel training, scecordizgly,

. . the Srouwp made a tuly o ecsisrent malntelr '.a‘:_.it?, secforrance Ahucring awt
performance at«ndards. Izezusable modular mits and testesquipment calftmtion,. - ‘
as well as support‘.:e, mmianiale such as minterance pdﬁi.uticm s Mhale and
handbooks. They alsc s3.8'e2 sreventiv miztenmnce and marginel chezasny, u'
shortoge and trah.n; ef 3arwize techndciame Aa.the edeation of exgizsers, Q0
the basis of these studiss, the Group forxniated ‘s wide variety of *e::&a..nt fonee

y . : .- . The Task Group mectersils that equipment contractors be pregquired 0 deachm

. strate, ty means of s precerided tast, that fieirequipments meet specilind
msintainad{lity rogaise reis pricr to gueat.cty preduction, Aaintainatilily is
Qafinel as ohe reciprocst of ~ean net tine 42 vepair fzilurs, vhers o0t 0p
fatlures and the re.siss %t rlace under sresified siwmalated field coniitioms,
1t is mecommended Wikt 3 s1my te mads to evITuale an sbsolute averige tetrnicign
on a corawr. basia, Tle oz alvc recomweris Wnat s figurs of nerdt, ormed
"Operation Value,® he sixw:ted v each equisres® crwurement prograx, asisg
into sccuind maimtalietiloty, fallure frecue~cy (reliability index), reccurended
preventive maintenance axt “miztenance imesval, operaticnal cheening and Sheeking
interwal,
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The Task Orowp recom-ends that a minimvs nusber of performance indexes be
stantidized for each squiprent class and that each stuiprent specificstion
exsmerate these indexes, with provision in equipment for checking them in the -

sdsiest and most ropid fashion, Thiz would constituta the perfcrmnte stardard’
used f:r perfimance ~heck after every raintenance operation, Test~equiprent
caiitration centers should be establisned, and handbocks on test eguipment should
oravide complete calibration informilon, with sccursey and precision stated 4n
terae of staalard deviation and maximum devia®iin over one year measurad by
soecified seana. ALl supporting facilities for new electronie equiprent should
be tur~nased concurrently, intluding test equirment and tools, test facilities,
stane rarts, pubiicsticns and training miterial. Technical matatsnance publie
catione should e sxpsnled hy supdlemental information; they chould be written
Anfersaily and well-111 strited and should cower broad prirripln cf !‘\mction,
malnterance and operaticnal use, .

he Task Group recommends that preventive raintenance b n-uw to coM
ponents and parts tha! obey a wear-out law of failure, as identified by ’

suwrlemenied equiprent mnusls prescribing prewnuve maintesance periods and .,
prockiures,

mmm it 1s economicaily Justifiable, mirgiml chicking should be . .-
exmlzyed; in such cases, the equipment manufactiver should be requiied to .
"\.:'x:;h to«‘ing mrgins and testing frequercies, Msrgiml checking snould

Bt apzided to transistorized equipment and anelog devices as -.pwly ad nsumb
‘.:rse areas pemita.

The Task Group's study of the shortage of Service techniniang, with. prnont .
exlasis on contract techniciane, led to seversl recommenda’ions. Until ‘this
Secvice shurtage has teen ramedied, consideraticn should be given to mobilzing |
e=x*ract technleians in their present assignment $n an approprinte statue .
twwdiately upcn declaration of & state of erergency. liore exphasis chould de

. padzed cn utilizing Service personmes for routirs maintenunce, and all Lossible,

. stecy =ust he taken to.enhance the nilitary carear in oeder to jeduce the high'
turasver rate of Service technicians, Because the loy;-triining timsr are
restiting in the infficiant use of such technical menpower, the Tast Sroup

recoxe~is that the Hilitary Departrments establish three levals of training, .

1‘-:: ng the muximin time for training fo asbout ome-third of the resmining
ealistoprt, The Military Dopartments shouwld coadwst sensrenres and symposia
Ly seawalste the dntrospective cxmimtmn and reappraisal of each Sirvice's

' t-s.:x.n,. etu-v Levaess, . .
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PART If

The similarities and differences of the Task Croup recormendations indicsts
that thero s a genoral agreement, not only on the tasic philosophy but on the’

"definitions used hy the Task Groups,

- A1) nine Task Groups uniformly intarpreted the qusntitaiive reliability
manlmmm.s which appear in the first five Task Group assigneuts to mean *he
mmerisal probability of failure~free syctem or ensipment cperation duxing a
described time interval under Jeseribnd conuiiions of performar.ce and enviruiment,
While the rrecise definitions used by Task Gwoups 1, 3 and & differ slightly in

Jwanlineg, all acknowledps that reliability is a probability associated with a Line -

interval, In addition, all the Task cmups spred that, under usu ) eircurvstances,
this rrobabilivy -is calculable from a simfle exponentis). function invoiving one -
variable, the duration-of the time inuml, and one constant (rmliability irsdex)

. varisurly terred "nsan life" or "meanr time -batveen faslure,* or swen inve-ted and

described by the numerical reciprocal xs “failure rate,® Most important in this
vonsideration is thet this reliability index is a nwwiical constant that descrites”
the probahili*y ol vandom failure amd usunlly is rot related to our implind nening
o an item‘z *1ife.* Task Oroup 3 notes that,.in sll circumstances. where ths
aliple e oncntial function docs not yield.the correct prodability,. the erro= is -

in ns s.fe direction, 1.0.,-an equifment passing the preacr&bed acceptance, tests -
nay be rre reliable than test results indseate, Furthermors, the cquipment mamu.
factirer can.take steps to ensura t.ho mndity s! t.ho exponential mn» uon to -

.rinbnize his pish,

.

Accordim'ly, the equipnent user's destre far high probability at‘ £ flil\\ﬂ-
fvee miss.on has tern translated by Task Group 1 into minimu: acceptatde valuss:
of mean 21fe lor the various cquiprent catepories. and the tables of thide ..
“eliability indexes set a neasurable lower 1L:it <5 quantitative reliability. .
that .can bo vsed in procuremeny. Tnese tables’ can bc extended to cover all items

not already loculated, including one-rhot, short-life -devices such as nissiles,

‘. a3 wwl) as monelectronic -itens, This would establish a ldwer limi: to the
peliakilaty of the device which can be usen for desi(;n as well as acceptance

testing, even when testing is dostnlcuvm s .

Task Druups 2 amd 3, \mich ‘were Msimd ts devise tests Lhat would estadblish
capability and conzlusive proof of isintmum acceptable reliabiiity, have prescribed
testing voutinms to demdnstrate that the reliability indexes of the terted equip-
nent egurl or exceed bhoze minimun volues specified, Aside from the quaction of
the degree of test accursey or confidence that ~ust te achjevad to establish
canability or to stabliah conelusive prioi, the forepsing discussian should po.nt
to a conclusion that tests »f minirnm nllabilit\ index are equivalent to tests
3¢ nininum reliability, :

Tuak Sroups 2 and 2 haw: chosun the same kind of raliability test, sutiati-
callv terred "truncated gequentis) 2ife teat” btus better deserited as an onorsting
teat whote dura%tisn should nat 3ifatri cantiy shorten the 1if2 remaining in the
tested equipnent,” "‘nr iy s1iMe difference ir the testing routir:s of the two
rreaes thad te~4s {3 that a dacision should te reached sooner wita the Task Group 2
test than vith the Tass Tmup ? Leat, Thals differerce in test duration stenms fron
the requirersent o estahlish capability in the former case and 5 estoblish cone
elusive "roof in the latter,
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.o

While these two Sroups recognise that esch must separately achisve a soundly
ehosen niinime test accuracy, both appreciate the cost in 'ilme and aunsy involved
in the additional testing mt now prevalsent in alectronie equipeant procurement,
£ach Task Croup lLas made a judicisus camprozise between the econoay of sbtbreviated
testing and the ancuracy of extended tests,

Tests for relinhility index (mean lifs, ete,) em for opeuung equipment -
in an enviroment rouchly simul.ting the conditions of its end use, Thus, from
sbservatlon of failure {requency during test, inference is drawn rege=ding .
grobabls failure frequency during Lactical use, 7The rules for treating test dats
are establistied by formalizod statistical sampling theory, Fundarental to this.
approach is the vwrinciple that the accuracy of desisisns based on such tests will
iapiove ay Lhe quantity of pertinent data (munver of observed failures) increases,
An increase in cata can be quickly obtained only bty tLa<ting larger samples or by
testing for a Jonger time, To keep sight of the Limityd decision accuracy
available froo tests kept within .easonudle magnitudes, it is customary to
deseribe such tests a3 havirg a spscific confidencs less than 100 percen',

Yow §4 a requirement for conclusive proof related to .h'aemacy"or confidence

less than 100 percent? It is acknowledged that such state.snts as "exactly three

. Teet® or "precisely ten pounds” must be trar3lated litcrally as rejniriaz an

- infirite mnber of civhers following the deecinal puint, whereas in practice thers
is usually an understanding as to how many simificaat figures are -important-to a
dimension, Accordingly, we interprst Yexact" in teias of a practical moasiuradle
1imit of asccuracy. Tusk Group 3 has interpreted "conclusive proof* in iarms of
the maximx accuracy usually expected of statistieal.quality contml as apnlied

ta elsctmnic squifmant procurerient, Task Group 2 ivterprots “establish capabnity" .

ay requiring saewhat less accuracy than "conelustive proof Y

To te stabis®ically rigorous, the confidence tiaZ can b nlaced in a Geeision
or conclusion nust ba stated as & ‘wo~dimensis izl perameter. -For instancs, in
resnsct %o ths Task Oroup 2 test of developwent equipment--and, in a hypothetieal
{nstance, requiring Muiment with u mean time between failures of 100 hourses
there 18 a §0-percont rrobakility of making s correct declsion fron Gie specified
: fast of oqmmcnt shose true mran time between fatlures ie either above 100 hours
(to* azeept) nr balow 50 hours [to reject). In tiis case, the first confidence
dimensing 1s the sCo;:veent probability for eorrect decision, and the second |
dineaaion is thé interval of uncertainty, 190 rours to 50 hours, & 251 ntio
in aean tine Miwsen failuros, lhen the rane hEypotaetical exansle relaling to an
100.Lour equipvent 18 applied to tne tighter tess prescribed by Task Syoup 3, the
atatement of confidence becomess There is a $O-percent rrobability of making-a
correct decision on equipnent whose true mean tine between failurvs is either -

above 100 hours or telow 67 hours, .Here, the $0.percent probability of a corroet
decision is related to a 13:) ratio of mean tire betueen failures, .

In what way, if any, 13 tue equipment user oenslized by any ladc of confidence
in Tas: Group 3 reliability tests? If tnere 13 onlr & §0-percert prodbability that .
the fe1t will reject equlpnerz whose meen tize boweon fallures is below the
folerable nialme, what will bs the ‘resull upor iae nser of AR equiment that should’
have beens 10jected but miy b2 sccerted as much as IC percent of the time? Analysis
of the neshanisn by whicn the tosis operate sniovz that, while tnere may be as much
23 2 10-sercent pmhobiitty that an equiment 3t ‘e specified niningt nean time
tuiwedn fallures will te accepted rulfier than reiected, the chance cf an incorrect
desrsion U accert reduces very rapldly as tne sz Lirg between fallures is further
13duced, Specifically, for a Tasx fronp 3 ter 2d equipment, U the eguifrent-s mean
tine between fallures is exnctly at the user’s tnirrable minimm (0,67 of the
contractesresified rinluw), ont wrony accertatia deciuisn in 10 will be nmade,
wharear, L7 the ejuiprent {8 2§ rercent worce tnan tne tolerb’2 muniaum, only ope
wronw dacjzion in €0 will be mace, If equitrment sxactly at the wvser's tclerstle

it
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mintwum will pgive 0,90 probability of mmu success (as ‘s tyrical for many Task -
aroup 1 equipnent categories), then squipnent 25 percent worse than this winiaus
will give 0.87 robability of missisn success-~not a-serious degradation when

never applicable to more than one decisisn in 50, Sinilarly, iv will be found
that the effect of limited confidence in the tests of Task Grrup 2 on the user
$s nimx‘. furthermore, the hipgher the intendel probadility of misston anccoso,
the vmaller the effect of linited test confidence,

In developing is prescribed nlhbiuty testing routine for comporent pcm,
Task Oroup 5 treats confidence 83 a unidimensioral “confiderce factor.* Careful
analysis shows that this confide.ce factor 43 a mmerical coefficient which, when
uged as a multiplier for the failure rates obtsined by sixzple calculation from
abhreviated test data, will rejuce the rrobability of failure-fres operation of a
conporent by a safety margin shich, on the average, is suflicient to protect
againey the inaccurncy of abireviated teatinmy, Thus, in this case, the need for
A secont dimension of confidence bas been obviated by the introduction of averagins,
This sporoach sprears to be seli-justified for application o component
since it pernits a siecnificant rednction in the testing requiresents where they
are for qualification and acceplanes -wutine, Requirerénts for testing ocoiponent
varts are introduced as e convenience to ihe equipment desigrer and mawmfacturer,
amd they in . way lesson his responsibility to dwxonatnte adequate equipsent
reliability through the teste puscrit»d by Task Groups ¢ and 3. :

o atdenr Aepemwrads o R P S A lsehn s afremRty
~ .

. Task Sroup 1 has converted usot requmunta for minisun scceptadle nlhn
tility into numerical requirements for a ainfnum<relisbilidy index, Teek Group L

- descrites how an ajuipment reliabfisty index requirement can be converted inte . * i"
neximun tolesablie fallure rates foo mach 51 the conponent paris required in the H
t . 2auipnest, or, conversely, how ths equipment relisbility index esn de predicted
. when the failure rstes for each of the rarts {(as appliad in-the cirsuitry) are

brmm. Task Group 5 dceeribes how faflure sates of parts car = measured, Task
Croup 2 sels forth meanr for improvinz the preds.ctiun of equiment reliability
index (bzged on the raper design, per Task Jroup L routine), ance equiment models.
nave been built and operated in the’ latoratory. This Group also owtlines ways t . .
ascertain that the operatiny laboutory model meets or excoecs the minimun : v
soechiaed reliadilidy index, Task Srup 3 prescribes methodr l‘or determining ﬂut
the reliability index equals or exceeds the specified value through the testtng of
- plloteprocuciion ‘end production cqnimm. . :

-

From the assipmments of Task Croups 7, & ant 9, it can be inferred ﬂut there -
zay “w sone deterioration of relilability index during packing ard transporstation,
storase and £ield maintemance, Thecugh faprovements 4in tachnigques of these
celivities, 3xie of this detsrloration can be prevented. To guard apairst remaine
ir; deterforation the squimrent must be reguired to poixess a’sufficlent surnlus
rellebility index to ensure & residual minimuw reliability index for ucticu use
reguired ty *ra aser, a8 cetermined by Task Group 1o

.
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Task Group 3 sugrested that Task Sroup 1 numters lo raised %o uum: for
. ' deterioretion uepscted 48 a result of field maintenance, then further raised 4o
T allew for geiertoratiun during storape, and raiséd a third tine %5 allow for
duter toration during tramsrvortstion and hardling, Finelly, thls thrice-raired
fisure should be increased by SO persent %o eslatiush the contract value of g
reifabtiilty Index for Task Crouvp 3 ;‘uatormduc%ion,'pméusu:n usts and to allow *
far tie arvs of uncertainty when raking teat decisions to scoeit or reject. . )
FTrtending thie-rhilosophy furthar, the eontract ficure “or Task Gra' P2 . . !
develoinentamodel tests should be 33 percent grester Lhau tha t'gx.rc for pilat~ ' i
traduation 2ests, breasse of the greater uncertasaly with tas develoment test, : ’

by
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©  Agceording to aveilavle data, Task Uroup ! ras found that relia®ility deterio.
ration with storags i8 dnsienificart, Task Groupa 7 and 9 were mable to fdentify
deterioration in relladility during transportation and field meintenance in
meerical terza, Any allovan~a for such deterioration during these pheses must be .
hged on estimatus. X

. It sppears thot, at least initially, the Inclusion of contract yejuirezents
for mipimum relichility index vill so rewolitionize the squipment reilabllity
observed by the user ag to relersie {u vecordary Smportance ary ¢ Llosance for
reliability deterioration, mnsaquently--snd also $n view. of gains in contracting
simpiicity~~it may be sufficient, at first for contracting agencies to make only
.the single correciion of an increase by 50 percent ir trsrslsting the mwarical
values frou: Task Croup 1 tables ‘o ¢ontract requirenerts, .

7t is significant that several Task Croups concur in sone of their finiings,
not aply on the use of relfatility index as a yardstick {(Task Groups 1, 2-and 3),
on reliability testing (Tash Givups 2 and 3) ard on peliadility predietioo {Task |
Sroupe 2 ard &), but in many olher. philosophical aspects such as test savirommcnt,
test.uats handling and equiprent-Zailure analysis (T,5.2,3)s The fact that mo
cornor set of cefintlons wus eorloysd by all ibe Crovpe is omly » matier of -

. un.mtic:. The fellowing terms wers defined dy tws or wore Task Orouvs as

indicated: :

?silm . 1, 2’ S

_ Reatusty ¢ 1,3, 8 O -
. .Pfoli‘-):l.lny max 1,3 - . S
.Bquipmnt ’ . ‘3,'!;'. ‘_ _ : .
R L T
- . . Trherent -eliability 3, b ‘ :
’ L fepasr o' fort 1,9 f o ’ .
l3l




PART 111

Introduction
- To rrovide an over-all reviev of the nire Task Croup studies from the point
of view of the reencies affected by t.he recormendations, this s-ny is dtvidd
into sections as follows:

(1) Trocurenert ageney

(2) Contractor ) . :
{(3) User - .- : .
(L) Depurtoent. of Tefense ’ .. S
. . X - J N
1. Procurenent lgency B
1.1 Cortractirg for Fquipment, . . . =~ -

Task Group 6 stronrly ucmm.o mt ‘the murmvtst‘.an of G 2yred !
Frocursent Sem:lzatisns be stanlardized smeng 2ll ‘the procuring m

Group furiher treswa that, .piven the specification rejuirensts preposed b{ ?uk
Groups 1 through S, the procursment agency can acedwplish the 7ellswing: (3

sure improved relisbility throvph the use of cost-type or redelesmirable contracts
during the initizl croduction run, (2) contract for extensive pilot-run tests
trior to full rruduction, (3) carefully selech highly quallffed eostrasiors, .

(L} restrizt cmprtitisn to planues suppliers, (S) orovide for sperstiorsl tests
Frior to accestance and (6) provide for eontisusd srcduct b,':rm based o
ceontrolled testing and field experienes. . .

785 Goud 2 recommends _t!m. procurmment of electronic eontmment 'shen.‘.'.! ns
telestom deve.orert with prototire or rroduction rmcuresent; ratiser, that ..
delivery dales shonld be estatlished so as U ‘provide for nwierly dewelopsent,
followed by adequate evaliation of reliabdility, The procuresest sgw.cy shonld
srecily o wh2t extent he wishes to follov the recomrendation of Task Group 2
that the concrzeiar's rellatility progranm be reviewed and W by an inde
rerdtent evaluation sroup, This recomrendation zay be made applicadle only to
trat rart of the relfadbility rrosran, as specified Ly the Crowp, er it mey ho nade
aprlicable to we mntmcf-r's ertire relfsbilily progran.

o Task Sroup 1 r‘,cmMs that e reliability figures mesented fn their report
. te adorted as a asis for speeifying the rinirus acceptable equipment nean 1ife¢ for .
each rrocurerent c.mtract, whether rerearch, develoment or prodection.

Tasy Srour 2 raa.lres the mcmn.nt agency to specifly. in x&dition to tho
“ask Sroup 1 nianelife reqairerernt, (1) the minimum perfomance characteristies
ta te nonitored dirirg tne dew:loment-phase reliability test, {2) tolerance
11.*1'.'; an the nerformarnce sprc"‘catmn which ean Yo used to defire 2 failuwre
during the test, {3} the numder of develomient models to te sincitanectusly tarted
and {Lj rertinent detsfly of the fest erviiamient 33 may oe dictated by equimnesnt
characteristics and, preferadly, of sush a nature as tiat suggestes by Task Croup 2.
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In & sinilar fashion, Task Grmup 3 requires the crocurerent agency to specify,
in addition to'the mean-life requirement, (1) the minisu pwriormance eharaeter-
istics to te ronitofed during the rilot-rroductisn and rroductisn reilability tests,
{2) telerance limits on the performance specification shich define a fallure during
these tesis, (1) the stancard envivment for pélsterracuctisn and prmduction
reliability tests, chosen fr_an the four prorosed standsxd enviromenis, (4) the .
muber of rilot rroduction equiprents t0 be simultaneo=sly tezted, (S) the rroduction
rates aprlicable wo production reliability tests and (o) elccu:m of & requirement
for tast of longevity.

Accarding to Task Group 9, the ¥ilitary Dersrimerts sb:m‘d deternine the | .
. mintms pumber of pcrforrarc» indexes nqx.!nd for eac: class or tyre of equipment .
or syster, in order that the perforaance o a systen or equipmeni nay de evaluated
in accordance with established stendards. The Sroup also recdmends that purchases -
of all suprorting facilities. fer new rroduction c»..i.;nert be =2de concirrently, ’
includin-, as applicable, test equipment and tools, test faeilities, srare parts
for Yoth rafor equipnent and test egquiprent, adezuate prblications for to'h msjor
equipiert snd test equizeent srd provision for tm.r".g raterisl £+ toth =ajor
aquifoent sn’ test e:;uzrr’er ve The Group corsiders tzat il is desiratle tc cesign °
rodular nnits, so that., L the eost is wilthin cefined limits, tney =ay be dispored
. of rather than repuin-, For ths reaso'l, the rost 1inits ahotld de 2274ned by
- cantract or s"eci.'icat.on. i
Task Grovp 2 receu—em‘.s that spare~rarts mc-.:e:enf. should use egually r!gid
specifications and requirenerts for reliability testing as are used for the parts.
‘Procured by tne equiiment ranulacturer, L. . -

1.2. Contracti;g for Coz'tor{ent Faf.c,

Tusk Crovp 573 recoveendation is that the ":;esvi gaserment recilations for .
drafting siuitary conponent szecifications be amendel, if these specifiszations .
-are to estabiisu m reguirenents l'or reliability tesad c-x tad.:n-r-:c ir..’omtlou.

l&bo, ‘the "'-aup recxren’y ux-.t. present smci'ictaons far c:x-nonm‘ parts i
be monified irmedistely to assure that the reliabillis innerent in e qt.un‘hd .
rroduct is maintained, and these sodifications be cansidered as a tenporary ' - .
‘meastre to maintain the level of comporent upiforeits and to ensure the retention’ .
of whatever ninimun level of qulitv was rerresented ty 4he orizinsl quaiifiestion -
sanples,® On a rore rrotracled tasis, the Task Sroup ressmnends -the cereloprent of
new specifications containing (1) statistfcally desirmd-exberinments to produce
paxtae inforration fron & minimtnurber of tast sx--les and {2) ihe rroper tests
ir sirgle s ~ultiple enﬁ*:-r-vvr.s, related 4o the comronent's end use, to
grecily the fallure rate vith relation to varisus derrwes of test severity, Une
ressibhle and economicel test procetivre of universil a7 ,‘iubuity is desc—sbed in
cetail, . . . .
* As part.of the corponent-part gralification a-*r«w 1, s s-»t‘cieatl-r hrgo
sencle snouid be testsl, n accordance wits tne mutiined crocedure, %o eslatlish
Ahe rrizmsry-failure rates reguired Ly the "ec‘ﬂ'.z:::' Lo e ixurhnt
parareters, - i justificd, 3 su—”l‘er shouid 2hen Ye in.estipated !_’z“:.er with
resyect 1o his in-plart quality sonvenl, ofwrating uncer 2 saw rroceize, Such
inmstie :t:r':'s*w.ud te er iaut'ca 1} repeated an, at the sane tine, the reconds
scrulinired, ir arder taat ihe suirlier ray rvw-.:in ualiffed,

The Groun recomrerds thast. the Services reeoncfis sazir divercent envirope
meatal require-onts ard that t‘-e atate & singis cet 57 4 o unted erTimmental
eanditirng itk o3 serve as e baszls 097 lestineg esmpanent rarts Lo estatlion
failure rates for these ervirmrents, VILLSTIAPND and Mt -1 shouid e revised,
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" location, rspid rerair, future modumization and logistic suprort, {5) arrape

- iudexss be included in the eguimment specificatiop and @-3igned ino the equipment

43 justifiable, that he provide —argins and testir.( frequency for ail areas

s » . - -
then, to provice tests and ssweritiss that truly seasure

conponent.parts pote -
formanse for thow. enviraneents, The Task Croup has been atvited tist this M
has been stariad tw an ad hoe proup of the Advisory Croup on Electranic Ferte,

2. gu!g.mt and Conponent-Parts Contraciors © :
2.1 !‘ﬂx.iggnt Contractor, . .o .

Task 8roup L recxmends that, vron cmktion aof the study and r.hnnug
rhase of aguipment developent, the contractor shall sutmit a rerort including
{1) calculations and dota estinaiing the use »eliadility, (2) esse of naintenenes’
features, (3) calculatec reliability requivenents for all parts anc emponsots,
(L7 reasons for any articipa.ed failure rates that are lower thar those :
exyerionced with existing equipments and (5}, recommendations for changes to oftest BN
céarlification, inproved relialility, iowver weisht, less space, 1over cost tal .-
shorter schedule, R :

A detalled procedure ls set forth for detemining inherent oanipncnt relis. -
bility, For the design and construction phase, the Croup re vermnds that ewery . ,
effort shall ho rade to (1) select standard cir=uits and perts of proved ulhﬁw
and known ratlure rate, (2} select parts and eaterials froe aflitary rreferved.
ard standard- parts lists, (3) prepare and secive approval Af suitadle pmw
indorration when requised failure rates are not su‘tably described by existing
nilitary sree.fications, () adopt sptimme esnstruction for sccomplishing faﬂt‘; “‘

for marginal testirg where applicable, (6) dssign far optimm eosling,. i-) o\:lh\!'
rravide for expected shack and vibration, () rrotect against moisture; .(9) eane
sider the application of parts with regard for tslerance, stabiliiy, exvirorment,
interaction snd erd->f-1ife tolerance degradation, {10° - ssider tne derating of,
garts, (11) consider printed circuitry, astomatic ass ‘epetitive m -
rarts, tucimiques for protecting parts and wiring, amx provide 2 whu -
series of svaluation tesis to assure that the equipment .t weet operatiorsl™ - |

reguirencnts with the dectred relisbility ard n!nhxxnbuuy. v . ‘-“

Tss< Sroup 9 reconnends that, wherever feasible, tao required aertomm

or systern in the sinplest wmannes. Where it 1s Iapraciical to tuild in. sahclnm
featises, pravieisns should be made Yor easfly acceisible test prints, s that -
these messurements can ve easily apd quickly made, - Rarther, wiliin the cost -

14nits 28 defined by contract, dispoaablo modular units, nqnxz-m n neptlr cno-it
be e-mb:nd. 2

The f'x'\no alsr vex armcnds that the equipnent mm.nctor corsider pawmn
benefits versus additisnal cost for masginsl checking provisions, and wherever-is

fec!ﬁd. . , .
Task Grsup 2 reconsends 8 reJirbility evaluation for develcrwent rdols .
eorsisting of (1) a review of the pajor design, relfabiiity prediction, operating
corditing far al2 rarts, -arts fatlure rates, parts-qualification tert status
srd desiim tolerarces; (2) a failure.rnte test; and {3) s thorough analysis of-
511 faflures o*u:ourwr&d durine test, The t«ilm-mu test is dyscrited In -
detail, and, with nint=un aean-life, pertomm*c criteris, tolerance 1izils, test
enviramenl ard the nuber of equimeats for sinul®aiesus est sare to he specifid :
by eontrast, Rules far ds?a handling aie emmerated, and the -Group requires taat
rrever tive maintesance -iurir-; teat ot prohitited cicept as expfressly aliried by
¢ ract, The sujervisish ani aprroval of tae reilability effort by an indejendent
wal:auor 71oux are mMmcxiended,
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neat, setting forth {1) the proosiures wed M selegtion srd apsdisation of .
u‘.—zs. (2) cireuit tecdiniques mu&:-x allects 2f rarte aging, (3} calewlntions
3f rredictad equipmert reifability, {1} ccxeileration given to redandaray,
~;=.= deseriptions sf the assenhly desipm w-.t..:m. nechanical struwctutes selected
asd aeifscturing techniques, (6) arsirsis sf ewaluation tests ssde, (7) ir.tcﬂ.
13 23 relishility weaimenses, (£) conditizom expeciad to chinge redis™3l
terational we and {3) other owzeris £ recormraistions by the uc-fnemrs.

Tasa Group ¥ recommends that the eczimment devels: er ideniify all parta sd
smacnents sbeying a wear-out law, spe~ifyizg i o wment ne.ual the Lirg
yerisd and procedires for puvmtin raiztezazoe,

2 srediction of Task Crowp 2-is thad, as 3 res:lt of the design review ’
Teeerded or of fallure during test, sooo raris nay btecme suspect, These parts
sconid be gaven special life tesis oo 203% 20 faliure 20 ensure “2at sdequitle
sxfeny sargins exust, Such 8 serutizy-ad sidizianal perts may affect e c;vech.l-

Firis frocurement specifications sugpested o Task raup ke
For pliotepraiaction and produstisn rrocwrement, Task 5rosp 3 Wm!s s .-
Gatary st evaliniion of minimw um!"“r index. The corirsclor folluws
a Zetailed pmeec\.u-, a3 set forta ir Sts firzl recost, This Grour £330 provides
; sxriete praocedure for g l.oamvuy [ ; t-113 ba, o te rejuired al tde mntlu
sl e &ﬂtﬂctinﬁ agencys

" fask Group § ° recaxivends that a mai=iaira®ilisy ust be putos-nd :r'.r to
reirase for "r-\.u:..iar, with the Ixplissi:on fhat the saintalaadility figrre
derived and ’ls corfliiencs limite are i5 de acreoved by the ecn&'nua., ey, -
e.r.sm;:ravida\.taau in clanping suod & tess, | .

Tze 3roup alss recormends that the ':mnux. "du" of m-betz:n oqumt

. be cajcalated fyom data determized by srevisze fest and ahumt‘:n ia sccardance

wits a formuls rrayided, to be-used as an sverall Zigury ¢f merit of. the oqu.p-
=ent with respect to fleld mainienance and isgistie a:.,;nrt. ,

This Group recavenis that nm‘am psxlseztisns be surdm-m r!ta
ane 3 =ore sinple, {rnformal and well-iilzstratel banidooks, covering trisd .
grineiries of function, raintenante and sperziisc _ use, Ixamples and sagresiions
are g.'.-':x. {Handhaokts should also be proviiel Jor tcst equiment that include .
exi-iate ealitratisn. Information based s= Maiami Nureau of Standards standards,

. Agemacy and trecisisn of test equipnent 3:0iid be stated in twd wary.-staniary

dew.a*im and maxivaw ceviatisn over one year, mtas:cved Dy seientilie metiyxds.)”

.a.s‘c Croup 8§ recomrmends the design 37 s:nslifted standard tert egziirert tm

i de {1) calibrated in the tield, uain> svarialle daslc standards, anxd .\3) main.

ta:0d x" a stato of accuracy what will rad.ype releciicn and accertance ervors a8 .
oy as ~ossidle, It concludes that the des an 3¢ adistate tast equiment has
et rvaled 29 a serdndary reguirerent eoasiderod a!ur—-mt (m':g-«-tm dosign
and =anufacture of :zc eloctmonic eguinhente ..Jrao.ns. .

»ith rez2pect o Lue deesrn of shixin: contaliners, Task Group 7 reconends
s zalrtenancs of close workide relstisne Detwesn ks contaisner dasigrer and toe
e:v;i;z»-' desizier, as well as ciose £313loratian with tne pruraring an»'-.:;r.
T2 Imut resaverends et ineed m,msi- o lmororings eoalalnes éos.!... T
: -“:r far Lne *.es'.-.r,z of pacie? elpciraris egnirent thal is heuw Pre-
rared 77 Uhe Bureau of 3iips and the XIfise o e Assistant Secreta)y oF «e'e'-:o-
1Ty and logiscicsY 2Nool) be conpleiad g avuiled o enct"nb equirannt
vrarIreImnt BrUnsess o3 3aTilly as 'woss-‘-e.

-
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2.2 Somponen® Parts Contrsclor.

_ Task Group S recormends (1) increased enphasis on the use of iaprowsd
electtonic conponcnts and ratarials and (2) a progran for produst lm'o-ont 7Y
a puse of the parts rrodiztion plm.

X 3. Caer
31 Yaintenance.

To provide n maximus of data necessary for reliadiiity studies, Jask Croup 8 .
recorends that test and inspection mequi-ements bs revieved and sended, The
Grous recormends & review of the apparently widespread Fiitlosozhy that adesiate
and valid testirg anc reporting are not nilitary finctions of primary tnsortasce,
even during peacelive, It is believed that there is a basic lack of undcrstanding

. .en the zart of managewent eoncerning the need for the specific data required for .

. Teliabolity studiss, Acorrdingly, the Sroup ressmsends that renrting orocedures -
te revised to supnly these datz in a form peraitting consistent seductionend , -~
aralysis, A1l depote and similar organizations shouls bde required imdhuly % .
stars keepéing a record of all squipnents tested on recartification and other
testing and inspection progrms da2iails (o be recorded are smirwerated.: Sulfisiemt °
authsrity stouid be vesied in quality-comtrol orgznizations 4n all branches of
e Services and in miustry 10 assure the olicime of the rmgoin; mmthc'.

. Tack Srowp 9 recoerends that the porl‘omnca standmd of esch equimanttbdol .
.be used to deternine whether the equiment is operating utishctarny after sny
xzxintenance gotivity and that the perfomance standards be adequate 40 psimit thals
function, Operators and maintenance tecinicians should be trained to° recosnize

- and ase all infarmtion derived from tests against these urfomm standards, ’

. This roup aiso reconwends that preventive maintsnance be lhiud t tteus .
- . tut cbey & wear-out Jaw of faflwre and that such {tems be referenced in the . s
. eguirment zanual, with the desired maintenance frequeicy specified, .

The Croup recorr:nds that test-equipment calibration centers bs established -
at varisus latations to sunrlement existing facilitiez and that tboy enpioy
standands reqularly mpnrcd with thou anmblc at tn ratiom. Pmu of
Stardirds, i -

.

1.7-Starage, ~ - e . A

Task Gioup & recovsends thib every attempt b nade tc record the iif hictory .
of individ:zl units of electrmnic 2quiment privr to thelr placement ia storsge
=3 that more can be learned about- the effsct of storage on relisbility,-

-

k. Duparasal of Dofense
h.x Directives/Inctructions,

Task Gryup § recorends that hho Dopartuent of Lefense ox’umd Yo wntaim-
b1t seesion of Direetive J2c2.12 o require ecacurrert rurchase of all suprort
s tnz facilities for ‘new nrduction equiprent, Supperting facilities inclutte:
L3y aquipent und tools, test factlities, spsre parts, adequate publicat{sns amit
srovision for training naterial, ’

e

2proroval of Yew Squipnent wnd Sy3ten far Service Use,® S July 1934,
if
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The Growp recorwends that mrvwentive meintensnce be mnma in DOD Dn'oeun
323213 w Zollowss )

Prewntive maintenance is a mu&ro of fnspecting, testing and
reconditioning a product at reguisr intersls and according to specifie
imstruetions in order to rresent faflures in service and to retant .
detarioration,

Task Crowp 9 statess

To redue the high twr-over rate of technicians in the Service, more
offort and emphasis should de given to utilization of Service personnel

for routine maintenance, with correspondingly diriniched ecphssis on . .
‘contract technicians for this reguirement; all possible steps mnst be

taken to enharce the military career by representing to Congress the
acverss effects.of financial and fringe benefit nnihtiau on the

° - long-tem eificlency of the Services.

Becawse. of ihe lony training tise for uchnichas is resulting in an inofﬁeunt
utalization of manpover, the Group reccomends thot the Yilitary Departaents estade
ish three levels of training, scrorifing to dotailad surpestions, that they 1imit .
ite saxirmm training tize: to approxizately one-third of the ‘resaining éalistoent
ard that the Depari:ent of Defénsy eoniuct eonferences and smcsh 40 stimlate
£nd reappraise nilitary training effeci-inaus. .

Task Croup € recognizes that coesiderabla firld.tast ml fatlure uu are °
aveilatle, nt this inter-ation must be lacorisusly eonverted Lo a standard form: °
that lends itself to statistical and englaeeriny anzlysis before jt'canke .- -

properly rrocessed and aralyzed, It is imglied that an hpmvcd standard formet.
is needed Lo ease the assenmnt of such dtu. -

.2 -Specizl Frojects, . . onos D
Task Croup 1 requests that the lpperd!us to its tu\al =erart be nﬂmd to

determine vhether the anderlying sssinptions are consistent with the aprlication

in question, Special studies aré recosmenled to establish rellabilfly require~

sents for the majar alr deferse dats-nandling syslems, suchk as ZASE, lNaval 'thlul

Data Sysiem ani ¥i=3iie Hasier and for missilebore allctmnic eguipment,

The procuring Services are asked to review and csnen' on %ask Group 3"3 test
recormendatisns, with res-ect %o 2 trial Imclementatisn on several selected cone
tracts and mindatory imolementatisn in all electronic procurement. The Group ©
slso asks that a limited group of vildt-rroducvion contracts be selacted fros a
variety: of procuring Services and contrastors and that concliance with the
recomrerdec reliatility tast sethsd for evaltating pilot-production eqiiment be
=ades mandalory upon them. It fusther acks that s lisfted group of readuction .
eontoacts be similarly chosen withost regard 1o whethir nllat-production n*sbns
of that equimenrt huve been evaluated, In addition, it urpcs that a jortion oo
the production contracts be suijectc! o tre loncevity evsiuvatisn procedure. The
Defartmant of Defenss is asted to review the tost siecifons of the conLaet.iﬁg
sgincles and, pericarcally, toe rrogress of the con: mctprs.

Task Group 7 resowwuds nat a review of a1l rules, rem:iations and teriffs
involving 53ickirg and bracing of shipring eontainers during transit bm.rade,
with the objaziive of imrzoving and enforcing those regquirenents,

S'Dapnm:t ot Twlense Maintenanze Srginceéring Mmrraz,” 1 Decexber 1956,

i9
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Tesk Oroup & recormends that a progran of ammm the fleldutent and
£a1l v dsta now on £ile be initiated at an sarly date to capitaline on the .
available irforulion so that sourses of defectivensss may ba disiovered and .
corrective action wken, It further recossencs that s controlled axperisent
invelving siorage amd tesv of & mtmmnq- tigaiﬂunt .muph ot ty‘piul oqutp-
ments be considered, N

. Task firoup 9 suppests that the Departmert of Doter.n Aahblm: mice lines

for a study to evaluztc an absolute average technician, It urges thal considers
ation be (1ven to modilizing contract techniesl personncl in their current field
assigmments, ir an approp:iiate cutus. irmedistely upon dechutlon of a ;uu of .
snargency.

This Group ucamonds that pr.aent investipations in naulml cbedu.m “tor
transistorived equiment be continued and that resomh of m\rginal duddm u
Applied to analog devices be oxwmm :

To alleviate the tnereasm; -nwrt.agc af engineering msomal. ‘ruk Gmp 9
_sugpeste that the Dcpcrt-nenz of Defense s1ould recawiond to the apsropriate
‘Federal apency and.to the National Committee fov the Develomment bl Scientists
and Sngirears st earnasis on subjects such as =athematics, physiss and chemistry °
be increased at the secondaryssciool level, in favestigetion should be made into

* the psycholszical reasons responsible for the antirathy 2¢ the tasndage populatish
toward engireering sciences, and, fron this, =ffectiv. m.-ms for eoun(rring this
feeling should be devised, .

Le3 New Starding Conaittces. B . . B
Task Oroup & recomntends that a centralized uﬂkw group be est.ab].{s'uc on
a-continuing, basis within the Denartment of lefenss 4o coordimate and evaluate -
relinbility dats from.ald sou'cos ard t0 report umlarly an the. results ut these
evaluations, . .
Task Croup 9 recormonds that the Depamen‘.. a¢ Deferse utablish A group t . .
moiittor the apsration of test-equipnent ealftrstisn centers,. The grup would
sseertain the muntes of measurements nade on specificd paraneters, develop a
procran ensuring that all £1214 éalibration asiivities proparly muintain high .
standards of accwiacy and piaision and upeeiﬁ the assistance required froa
- Natisnal.Bureau of Standam‘a. . - . ,
Task Group 1 rreomionds that, as tine ard eff5r4 for study- are amu.uh, the’ -
nnierical mean-life’ valuss tabulated be revicued with reapeet to nodification for
tast enviroment, state of the art, conrramiss with other perfomm.co "ea‘:urn,
a0st, maintenance load .md asm.l.a‘*ilﬁy. ’
Task Group § reconnends that the dewlomrent of parts smcﬂ‘icatfom. the
testing of parts for desirn capability and the Jerelopment of inspactian methods
be intamrited and cocrinated by » group ab Depcrinent of Dafense level, The- .
gry.p siould includs senrmaentatives frow *ndaa.r; snd the military, and it should
1ncu!e personnel {raa’reseascr and developesnt, standardizatisn, procurasent md
qualily-agsurance functions, An adequats sungl 1Y of agnpower and a budgey to
operate & cxdrdinated systen rmust be srovided, Tuis group should seview all
existing reliabilLily rroprans und orojetls for emniination and awidance of duplie
eation, deweraimition of further work and iderilficalinn of needed dontiracts; it
should estublish yroceduros and meihods for disseimating information gained and
esr-ablish a basis for an application-notes cubiication separsts Zrom the srecifica-
tions,
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Abstract )
Pigures sre devsloped and presented on minimus acceptabdble
reliadbility of various types of military electronxc equipment,

Insoiar s feasidle the opinions of staffs cognizant of opera-
tion2l needs were cbtained and used as & dasis for this develop-’
ment. The princips: method of analysis (applied to aircraft

e kG g oy Ba Ay
.

veapons‘ayltens) was to allocete..ﬂmnxinuﬁ allowable probability

ot'taiiu;o'(in some agnse) of & weapons system over various ¢

. - subsystems with regard to importanue, complexity ‘and time
- required. ‘ '
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Preface

In Septeaber, 1955, the Adviiory group on Reliability of Elec-
tronic Squipmenc (AGREZ); reporting to the Assistant Secretary of . ..
Vefense (Engineering), adopted & program of nine tasks. Subsequently,
task groups of repren-nta£1ve- from industry and the three services :
"wevo appointed by AGREE to urdertlkc these tasks for a ptriod ot '” -
sbout six months. Work began %n Janunryvrcbru‘ry 1955, and the tilt
allowed was subsequently extended to obout 1 yctr.
. I..e renort of Task Grouvp ﬂuuber One 13 subaitted to AGRE! here.’
with, The assigned task {quoted in full in'the Inlroduction) was
to develop minimum Scceptabiiity figures. In prosecuting this task,
the group held ten meetings, one or tio days each, lnd,nado.nunoroqo f.eﬁ
. vieits in small groups to various commands in the field and in - - . _
-ﬁbnhington. T ) - ) ’
Task Group Number One uiahca to acknowzedgc the up‘endid
cooperation received from the various commandl visited during thc
course of this study. No direct stiribution is made to these .
sources, end the recommendations pré;ented here do not purport to
be o}ficlpl ponitioﬂs of the services, Hoééver, it may be said
that these recommendations have & gooa besis in unofficizl expres-
sions of cperational needs, ’
There was very littlo precedent avsilable to Taak Group Nﬁmber
Une oy way of ppecific quéntitative requirements for elecironie
gystem reliability. This is in splte of the fact that the neea fcr

the practice of relisbliiity speciiication hnss deenlt for some tize,

ITI SNt ' 25
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: ’ . ; >
The -pocine roauito and pethods 'prnmtod here are mm«a to N :
used as gnidel.noa in the formulation of operational uqu-mnu
‘and military charscieristies and in subsequent prorurement dcctoipp B
Suitably adapted, they may be directly applicadble to wany cases,. In 8
general, these figures should de considered as first cp«proxiationb )
to more durable rela.abiutg -tu\du'dc vhich, it 1s hoped, vill be
. evolved au & result of tho aciual puetieo ot spactticntim of -
relia'binty by the amd urviun.
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1 INTRODUCTION

v e

1.1 Task Assignment

Task Nusber One. assigned by AGREE 18 a: follows;

“Develap minimum acbeptabilit; figures for reliabiltty
of the various types of military eleetrcnic ecripment,
These figures possibly mey be erxrrcssed Az 'tive between
failures’ or some other truly quantit.tive unenturement.
The basis upon which the figuree are determined shall
includa the factors of operational silfision requirewxsnts,
maintenance, complexity, end such other ractoru a3 may
be signiricant.” ; - -

B oV Y

Task Group Nuuber One han.coupletéd"itl 1vvéatigatzon into this
taik aéd submits its report herewith. rhe re-ulto are prcncnxed in
Sestion 8, The genercl spprosch and various qualiticctzonn ar? dio-

. cussed in the body of ‘the report with further dc;oils in the appene-
dices, ‘

e el

1,2 Xmportence cf Specifuing Reliebility

The problea of achieving snd nain%nlhiu; adequate r;lzobilis"
in -111tary electronic equipaent is 1nportant, cuu;lcx, and dxtfx-
- .+ ecult, The solution to the problea 1is 1nextt1c0bly bound up nlth the
; ' healtn& deveiopment of future electronics.
; : .' Significant {n the AGREE pngran of ning tasks tr; (a) the
) quértitative approsch to the problem, lnd'(b)_the recognition that
relinbliity must bte bought ;S are other aspecte o( quality., The
preseat ominous relisbility: ajtuation ariaes in part frog the lack
of quantitative specification of equipment relistility grior to de-
velopment., Such specifications are fundamental to quantitativ&
treatmest of the problem--a epeclficttion 13 usually cosside;ed an
8 detatiled description of a.procuct and 1its performance and of the
criteria which must be used to determine nhether the product 18 in
conforaity with the degeriptlon. ’

2
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In the past, & manufacturer engaged in the derign of 3 new system
has b;en confronted with the necessity of meeting .certaip performénce ' N
requirsments. Theoreticslly, he has been equally rea;;onublo for assur- -
ing & high level of reliadility in the new system, Hovever, tn cone

trast, the performance requiresents have deen emdbodied in specifica-

.t

¥Ry

ticns in quantiistive teras, and the manufacturer had & legsl obliga-
tion to meet them. Consequently, reliability has generaily t;pcu .
treated 'u an afterthovght, L.e,, after a délign_han attained other per- Lo
romn&e requiresents which are rigidly specified, rellabiiity 1is tt_\e.n
considered, Experience Nas shown that this is too 1ate - the dedign
:‘ : . of .m electronic eqmp-ent. .rentes an irreducidle ranm rate Ih!.ﬂu
‘ cannot be depug;ed from the nnuncd sachive.. ) .
aenabinty rcquzruencl should quginaté with the groups respona’
#ible for the operationsl requzreieﬁtu and military charsctersstics of
the various serucel, since it u through thess. groups that the oerucol
“‘must’ determine how they mtend to ‘accomplish their mission, In turn,
thev figuree should bc tramlned mto contuctt let for the new de.’
. velopnentl. This ahould be dqne in & ny which erteetinly motivates
‘deugnen and providen a renonabq cloar bu.o for -ubuquenc dccisionl.
Hand in hand with the practice of npecityin; renab!.uty. there 19 .
an additioral definite need for perallel progren in the tnting ant pre- . Lo
diction arsan, Tbese'lnd ?e;ateq problems are beiés pursved by the '
other AGREE Teak Grops, - ) C .' g
' ' 2 DEPINITIONS - ' '
" 2.1 QGenerel Dorinxttonl - -

The tonoumg definitions are taken rrou general reuamnt) theoryz

T T TS T TR D T TR A S N A 3 R T SRR AT
. 3 L . . .
. .
v

'(a) g_g_i__l_q_r_'_g. the inability of an equmuent to perform no re-
quired function.

{(v) Rellabiliiys the probability of n> failure th;-oughou'e a
prescribsd opereting period,

(c) VMren iffe: the sr: th‘metirsl rean (averag<‘ of the operating
ime betveen fati-wes,
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* (4) Up-timst the calendsr time tn vhich the system 1s coreidered
- -.in condition te porrm its required tunct.ton. .
’ {s) Down-time: ‘the cslendu- time ir vhich the oyoten is not con-
\ ' sidered in condition t¢ perform its requxraa funetion,

‘ : {f) Repair effort: the mmber of wman-hours actun‘uy sp2nt on
;{ "+ . repairing o Caflure, ’

PR,

2.2 nizum Acceptable Rsliabilltx
'Iheu are at least three paniblo ueaningo or +he vords "minizum ‘
aceeptabnity vhich sppear in the statement of Tesk No, 1: (=) that
v vulue vhich the opcrauoml coznnnder vill tolerate and belov vhick he
) vould teke son craotie action to Lnitiate mprovénenta. (b) that value
which agrees vith the.curnnt reliabllity values obs_erud for ,eu;h.
_cless of equipmert; and {c) that vgl'uo vhich the current ntate-ot-the-r.
-art &nd current xowledge could achieva, . P
AL thrae of these possible meanmgq are quite genarsl and rather"
vague, and all ihrie aurter from the ract that' present nlun md
‘prosent state-of-the-art are, Ly and ln-ae, unknown quantities, At
" " present, the only basis for determining these valun is by rough ntl-. .
mates or gueésses, Nevertheless, in .ordo_i' to 'accoup:nsh the Task Uroup

nission, it 1a necessary that some definite conclusfons Ye reached in,

e Tene

regard to the meaning of the vords "aininum acce).')tnbnity."' The Task

Oroup hss adopted the firat definiticn as being closest to the: intent .
of AGRME,
".2.3 Iptex of Reliability

Pield meazuremerts of military and commercial electronie systems
have cdencris‘rated that in general the rste of aystem fatlure 1 fairly
constant threughort the life of the system, Therefore, the probadility

of non-fallure over an operating-tims interval decres:es exponen'tiauy'

a3 8 function of the iength of the ‘ntarvel,. ie,, .
R(t) = o-l/ﬂ,
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where R(t) 1s the reliedility (prodadility of no fsilures in opersting
¢ time t hours) and m is ‘the mean life or mean time betwsen ;ynte. taixurcq..
Additional ‘aiscussion of this pariicular formulstion 1is given 1§ Appen~
21x A. ' ——
I ihe reliadility of electronic systems can bde. expressed ad
simple expznential function of time, the reliedility of two systems thcn.
_can be coapared sccording to their mean lives, since the mesn 1ife is the - - |
only perameie~ in the relisbility functions. In this report, reliability i

w31l be craracterized by mesn life, By specifying s mean life, it is

mmmm

J0881ible to develop vsrious types of tests to ao-nrc th‘ nininul accep-

table reliadility under opc'ationll usage. under thc expoucntial 888URD~
tion, 1y reliabllity statement for an electronic system can be con» :Z. T
verted into an equivalent’ stltcaenq abaut the metn 1ife and ‘vice verss.

§ . ‘2.4 (perationcl Readinesn

12 ®cperatior i reddiness” is defined 88 the grobability that & o '«~.
system wili pertorm satisfactorily at sny point in czlender time, then :
the percentage of "up-tize” is synonymous with operationsl }eidinecsi'
For electronic pystems Shere (g) the critlccl o;erttxn;.tiue periods
are of’ 1ndet1n1te let;th ( alosir 18 avaiisble 1n-edintely sfter
flilure and, in many cases, (c, redundancy of ssstems exist, s Specified |
probebility of & given number of hours of fault-free operation"iufnoﬁ
adeguate ror éompletc specification in reglrd.to the operationsal needl;
Although 8 system may fail frequently, if it can be restored to aatic-
factery operat ng condition in 8 short time, this systen can be of tre-
mendous velu® under certain operational requiresents Thererorc. the
readlnesl ¢? the uysten, 1. e., the percentugo of up~t1-c, is a crltical
factor to consider in such cases. It is clear {nat this o;eratlonnl
’ ' : readinesa_de;endg upon doth the rellability of the systen‘ggggthe.apeed

with which 1t ~an be restored after failure.

- - -
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2.5 Imporiance Pactor

It 33 not easy aven for experienced porloml te specifly a uniu
seceptable relisbility £or a particular electronie equipment. .Relie
adilicy ge;\en.‘.ly iz meaningful only from the ouadp-oin-t of um&n' .
success. Many -operationsl people are coénlune only of the hu&pn )
gueeeu, ‘nhich .cntulu the nu_nnn’ of x.wt only the eiectronic system

of.interest dut also of & combat unit, Wespons system, or organizationsl

s

unit. In order to deteruine the reliability reguired tcr the eintr&m‘c

) ystn, one may deteraine the relubnity required for the combat unit

snd then deterains an hportmec fletor for the chetmu aystem of

'1n'.erue-. ?he importance factor of an equipment .18 the relative Lapuie

tance or the particular clcctronu system to the toul ntssion cx‘tcc» )
t_xunen. This 1e dsrhed in :m- report as the ratio. -0f the nusber or
miseion failures due to the .quapunr. unm; to the total au.!_acr of
railurea of the equlpcent {vee Appendix B). . . ,
2.6 MNodulen . - T o ST

R conceot of. ‘module 1s used 3In thié roport for thru purpour (u)
‘so that the relative conplcx;ty inherently raqum cln be taken mto
sccount; (b) so that the unuu- acceptable nzmunty figures nu not
be grossly inconsistent dsong the services; and (c) s0 that renubiuty
requ.iruentn will be dym:ig:, and state-of-art chcnzn. can.be :ucor;
Sorated as they cccur. . . ’ . -

' This module concept will be the basic electronic buildisng biock.
A "module” will bs & group of electronie parts. This 1s s fictitious
way of partitioning an electronic systém for relubn!.ty purposes,

Por gystexs 1nvolv1ng electron tuhes, it has been round that for one

tube there are approximately fifteen additional electronie paris~-
this we cansm_w to dbe a'module. Thus, tne number 2f mcdules for an
equipnert i1s defined ss the number of election tubes. Account of

80l1d siate electronic gomponents 13 taxen in Appendix B.

33
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. ' 3 APMAQACE .
‘3.1 Selectivity in Scope
It was desired to cover the aress where !011nbxlxt1 £8 an acuts
: " piobles in & fairly cosprehensive manner and still be quite specifie.
The scops of Task Number Ons 18 unfortunstely lasge, both from the
standpoint of the number of equipments involved and for the complexity
of the anslysis requirea Yor & thorough study. ‘l'boro.rm, 1t way
.+ necesssry to sdopt short-cut methode, Tynical wespons-eystess, com=
bat units or organizations were -'cle'ctu'!; ang, vhenm pouible,
. equipments were cntcsouzed inte runcuml mklgn. w: mx ieations
e eliminated, . S
. ' Missile-borne electronics were ex.iadcd Dy Chairmen, AGREE.  In
tne course of the tssk, the n:or ur defense d.ta-—wnn‘ n*‘zx in
. the ‘three services (SAGE, Naval Tacticsl Dats System and nssmamsm)--
_uerc eZeluded decause of their emlcx “3 4’&. wuumm”. luaon; -
- " to say, thne aress ars of pr:-e nporuacc and m reeo-cndtd for -
nepantc undy. lonconbattut cquiwnt.l and nchrxt;-nnn:xn cqu:.p-
ments were slsd excluded, . ’
3. 2 Squig-ent ) .
’ The egquipments celected are nued 2n Apperdices C, D, aod B. -
These have been ;enerllized 1nto cxnss-s of. equxpsen:c uhicn ‘are ulanncd.
for use sbout 1960. These ;cr.ern:ud equipments are clnuned into ..
specific classes or ty}ein »ietlar to 'th(-g.e now §n use: Dorbing-névighe
tion, AI radara. comounicstion sets, etc., for Arwy, Kavy aad ASr porce
use. They were leiec:ed aécoédlnq to the follagin; sriterin: (1) in-
portsnce of the misstcn; (2) the importance of the ‘equipment f{ailure
to the mission; (3) the teps-tance of }quip-ent failure to salety; (M)

the length of the required cperating ti=c, (%) nieric_y of envircnments;

and (6) complexity of the equifzents. In other aorde, the selection was
Y mede on the basis of the relazive imporiance of the reliazilisy prodlem.




i T

Jﬂ“mﬂ”_—; P! ol at T sai SR X J

e = T RRTRCRTATUTEE I
» DT AR S IR IR ST AT 3

R O . THR

R
.

. . .
ey DY [ D Y L TP R I LY VPP

3.3 Sourzes end Types of Information

70 put the results on as reslistic a basis ap possidle, conaidegnhlc
effort was put into oontacttn;’v:éionl staffs sognizant of operational
needs, Operationnl comnln&e:l and other ixpericpced pcrlonnoi who vere -
familiar with current and future tactical ussge of g}cctéonic equiélenc

"were contacted. Operating personnel in general can estimate the minimum

accep tadle prodbadbility of success of a mission mare_rcadily than the
ninirun scceptadle reliaSiliuy for a particulsyr electronle equipmcnt.
This miasion 18 generally exprenaed in terms of ln objective of 2 combat
unit, = veuponl syotem, or some’ other organizltional unit, . These units
have & more or less clearly defined mission and length of aission time,

In the case of airborne aquipnentl, thd operational péoplc ierc
requested Lo estimate. the min:mnu operaclosal reliability figure for a
weapons system, and also to deternine the importance raetora of thc
various electro¢ic equipments in the system, ¥ith thia inforaation lvgil«
able, it is a simple matter t# compute ‘the rellability figures for thcf

.various electronse equipment, The actual method used for allocation

of 2 systex :/215uuility to subsystems relfabilities is given in Appendix
‘l' ' ’ X :
1 the zase of surveillance-equipment (shipborne and ground), the

mission lengths &re not well defined, and maintenance can bg started

_ imnediately, so the operaticnal commander therefore is primarily cone '

cerned with the rercentage of down-time over #n exiended period of .
operation, .The percentagé'nr dovn-time is & function of the rcilability
and the maintenance time required for the system, Therefore, in & num-

ber of cages, the approach in taking the problem to the operational staff

was to obtalin an estinate of tne percentage of down-time allowed and

the length cf down-time required for an sverage ﬁaintenanca. wit:.
these two figures and the use of simpls probability theory, the.minimm
acceptable reliabllity of the equipcent can be determined and in esch '

case the equipment reliability wes converted to an equiyment mesn-time-

.
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fallure. The methods of analysis used for this purpose are given in
Appendices C and D, L

W1th due regard to the adove probltn;, questionnaires were pr:-
pared an& mailed to various operationtl groups, ;n advance of the per-
sonal lqterview-. The purpose of the Qquestionnaire was to appply_the
interviewee with backgrhund informaticn and the Que=stions for vhieﬁ
an3wors were desired, It vas hoped that the lnpyera'to the qneatioﬁ-
naire cculd be formulated prior to the interview, However, the Task
Group, realizing the difficulty of transnitging inroruation by'lette}

‘ on such a subject as reliability where :ne-e are 'cn common concepta, .
used the interview tc assure that {a) t.aso interviewvee understood thc
problen of Task. croup No. 1, and that (b) Xansuage was not 8 baru:cr
to ob:ainxng the resultn. The interviess vere uaed to effect &, nutual
understanding of the probleas of each se:v;ce as vell, R

.

o .
uassm.-s S
The' minimum acceptability riguret uh.ch have been devcloped in
th-s investi_ation ara presented- in tad: es | !V. This section is .
.devoted to explanation of these tables, d;e.usnion or thesir lecuricy ' -
&nd adaptatxons which ahculd be made in :neir applxcttion.. -

.1 Bxplanation of Tablal I-v °

?isures for minimum acrepcablc menn li'e are given in e cab]e. )
for the various equlpmen s l‘sted The general.approgch to the ngelpp-
ment of these figures has bean discussed in tne preceding sections,
ani further details.are presented in the a;?endicbs. . *

In the cese of .shipborne equipnenis, figures lre aino given Tor
ninimun accc;uable percentage up-ti&- For the Loat part, these are
the flgured which were developed directl} in Wnis phase, aince this
figure of me.it veflects operational nee’s sore sppropriately than mean
1ife, .Thc conversion to mesn life figures wss >y means ¢f the sssumad-

value of sverage gow.-ilze per failure [obiained from VITRO data). The
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Beda life figures should de more nﬁlecytiblo to test than the percentage
up-tine f1gures sad, morecver, it is important that thcy be met {(aside-
- " from the percentage up-time sttained) so that nunumncc nenmu do
not hecome sa%ursted (see D 4.6 in Appendix D). It is’ intended that, if
\ feasidle, both the perceniage up-time and mean 1ife figures be dc-on‘
ated in scceptance .eatiﬂs of ahipbcrne equipment.

It will be noted that for convcnienco of gcncr&lizntioﬁ the equip-
ments are listed here and elsewhere in cho report accordin; to their
rnn,tionl, rather than lccordin; to the spec‘ric designations which
wers used durinrs the covrse ot the invcscigltion. '

n »he case of airborne equipments ‘which are duplicated in thc con- <
rlsurat¢ons considered, the figures represent the mean’ 1ife which should
- be demonstrated by a aingle equipuent under the naaumption that tpere qrc
Lvo on board, either of which suffiyes. - R
In the "gircraft.tables, there are several biank'apgcea where the- -
equipments were either nct on board or ﬂo risuies have been dcvcloped;_f
The omitted equipments &re presumed to have their requ;rementa Jeter-
mined by factors other than those ihlcﬁ uéfé analyzed directly for tné
'air»raft 1n queation {e, g.,miseion succdss, earety, aircrart defense).
LC:: . Some” very useful equipmen~s such as’ "TACAN and aucopilots are {requent -
. . exarples of this, The,r Ioas nay repreaen. ireonvenienpe or diacomrort;:-
wﬁich may or may not hsve &n e(reét on mission success or safety-- -
;hig 13 hard to incorporate inte the anaiysis.. Radio requireménts 15
some cases are governed by training needs, ﬁn;ch'werc not considered
here,

4.2 Accuracy of the ‘Results

1t should be borne carefully in mind that the basic numbers frem
vhich these results have teen darived are mallurs ét opinion, and
widely different opinicns have been cffeved in some cAses. There 1is
very liitle, if any, precedent fer mose é- als inTormation. By the

same tcken, it can be very vaiuable as £ starting poini, but 1t should

3T
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be remembered that these results couokxtuti no more than Just that,
They are not repreaented as being hig uly accurate nor do they purport
to be official expressions of the services. However, it may de said *
that they have a8 good basis in unofficial exprenaion'or operstional
needs, The methodology Atself should be very useful,

In Sectiun 5 we shall discuss further qualifications sad modifi-
cations that would be needed even if the present results were highly .°
accurate in terms of the adopted dufinitions,

A further qualification should be c¢ited in thqc'it has deen necesaary”
to generaiize considérably from special cases, e.g. spacial combat situat‘

_ tions. ' '

It would bé most desirable that the services conduct future system
studies iq determine the values of the baeic-znputa to the aéalyliu more ‘
accurately than has teen possible in this 1nveet15ation; Importihcc_' '
factor:particularly should be susceptible to anulysis.

4,3 " Adaptetions in Application of the reaults

In 2pplying these minimum scceptability figures in the formulation’
~.of reliadbility requirements, one should first examine various assump~
tions which underly their development. It 18 possidble that Asﬁusq&;ég&:.m
" ditions will it the problem at hand f31r1y~cleae1y,: or At lesst ;n ali
br 8 few respects, Inaorar as any dxrterences in conditions are
measurable, 1t should net be hard to modify the numbens accordinsly.

This is partlcularly true for tne airborne equipments, Here the
fermuia used to compute: minimnun acceptablé mean 1life is essentially ;
proportionality formula so tha’ the effect of changes in inguiis can be
cémpuced rather simply, For example, if one conaider; that the mini-
mum scceptable probabilii, of mission success »o~uld de .80 inste;d
of 8n assumed value of .90, this has the effect of halving the mean

11fe yequirements &cross the voard for all equipments governed by mission

38 .
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success, i.e,,one multiplies e2ch mean life by

1oz. -9 ;s-l-?-—‘% 1z,
If one considers that tne iuportance réator of a glven equipment ahould
de doubled, then 1ts mean life requirement is doubled.- The same holds
for operating time, Changes in module 2ount required can be handled
similarly, ) .

As discussed st the end of Appe;dix B, 1t would be desirable, when
allocating the requiremeénts for a psrticular kircraft weaﬁona system over
1ta equipments, to use some basis other than module coudt *o account for
inherent relative ‘1tricu1ty of attainment.

LR ) Comparison between Air Porce and Navy Air

The prodlems involved in the Air Force and Navy air phases ot thin
inveatigation had much in common and the methoda used vers generally aimi-
lar. However, in comparirz these two appendices, 1mportant contralta

“are apparent. As & general explanation for these dirrgrencel,it is re.
narked that thera are real dirterenéea between the problems of these
two services and 1n additlon these separate ph&ses werc studied 1nde-
pendently, _ ] _

The most striking difference is that the aasumeé values of miﬁi-.
mux Acceptable probability of micsion sucgeas are Hiéher for the Afr
Force airéraft than for the Navy aircraft, The best ex;lapation_rov
this dirference is that these reepectivé phages of the in@éagigation
ugrg conducted indepencently. Th&s.partigular parameter is nore &
matter of opinion than are any_other numbecra in the repors. Iﬁdepen- .
dent opiniqns can vary widely and beyond tihis it appears that the Navy.
figures were deve;oped amld thinning which regarded the méanina o?
mikimum acceptabiliry in & more Severe light than was the case with
the Alir Force, 1.e,, the Navy figures seem to reflect the absoluie

mintmum acceptability ard 8ny value lower than those stated wouid re-

sult in immediate drastle actinn to improve reiisoility, The dirrer;
ence was not derived from eny ferling on the part of the Task Group as

vo ihe relative importance of alrcraft types 1n the two services,
L .
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TABIR I 4 -
_Summary of Recomnended Minimum Accuptadility - . -
¥igures for Army Equipment - .

Mean Lii’e 1n-l!on.x'l ot

. Tactical Venicular Cosm. Sct . 160 oo C
_Mobile Long Range Comms, Set . 480 - ' '
Racio Reley Comm, Set ‘ ' 2800 :
Mortar. Locating Pader Sets | -+ AB0 - L ) ‘ .
) SAM Control Battery ° - %6 L
‘ o e
Summary of necomende-d Minimum A.ceegtabuig. o . N . ] l

FPigures for Shipborne Eguipuent .

Communtcations Equipzents (Assuwes 6 Hrs, Down.per Failure) . '_ A

-

Transmitters . : £ Up-time  Meen Life in Hra,*

HF . 96.5%

MP/HP CW Hi Power ’ 96, 16 ve s .

UHF Auto Shift . - 98, . g

UHP Manusl Shift 96.5% - 122

VHF ) " 97.58 234 .
Receivers ' . . .

L2 /¥R /1P 97. 54 .oew ..
'mmgto Shift . . 9&.& ko4 . v
U.iF Manual Shift . 96,5% 165 . S
YHF 97.5% ©. 23% } RS

.
Tosrminzi
—

Teletype/Pacs, , ' 97.5% ) rxi

HOTE:s  *These fipwrer are ¥novr-to be generally belov what
ia nov being sttalred {aeo D-4,5 in Appendix D in
the classified surplecent), Therefure, ssction 5.2
-tz pariiculerly applicable, %0 .
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"TABLE 1X (Cont.)

Equipments Other Than Communication {Assumes 12 Hrs, Down per fajlure)

Air Detection end Conirol

Air Search Radar )
Hetght-Pinder (Incl. Displ. )
AEW Terminal

. Interrogator-Resnonsor
ECK Intercept
Standard Radar Display
Orf-Center Sweep Display

Carsier-Controlled Approsch

Pinal Approach CCA Radar -
. Janding Spesd Ind, Radar -

Navigation (Ship snd Aircraft)

TACAN Transmitter
X-Band Beacon

UHP RDP

MF/HF RDF

Surface oearch Radar
Loran Revr.

nxp'xdencirzcaison

Transponﬂﬂr
Qonar

Detection
Tracking .
Sub Identification

. SiM Control (CLG)

2 Target Capability . 4
1 Terget Capability

Tracking Radar

Guidance Rsdar.

Computer

¥*Lssumes 3 hours down per f&ilure,

& Up-Time

97.7%

Mean Life 3in Hre,

3
120
212
248
a2

. 120 -~
68 -

108
248
85+




) * TABLE III .
Summary of Recomzended Minimum Acceptadbiiity
) Tigures for Naval Xirtorne Equipment

Mean Life in Hours for we'igon
yotems Studle

Communications Lowest - Highest
UHF Revr. .. Gges ) 118
_ UHF Xmtr. . 7o 180
MHP Tr.-Rec,. . 113 113
- . Intercom - . 165 <t 2900
<L Data Link 17 L 17
. Lavigation ) i '
‘ TACAN , 13 .- 23
.o . Compass . - 20% 20
. Astral Compans . .6 - . 6
Flignt Control )
: Power Generator - .- 316w : 1250“;
Autopilot . . 256 . 325
Flight Horizon . . 100%¢ 2200 .
. Radar Altimeter : 500 -~ . 500 . -
Data Handling ' ' o '
" Afr Dats Unit" : . 585 . _ 585
Interceptor Computer ’ 11 .. 1
. Pire Control Computer 3 ’ .
Bomb/Nav, Computer - b1 . " 16
Detection snd Tracking ’ '
Primary Radar . 0 90
IR Detection | . L. IR . . 33 .
Interrogator (IFV) o 133 . 133 -
- T Closed TV . , - . 195 195
- . Bomb/Nav (Radar & Computer) - 25.5 ’ 25.5

#Where the -same tigure'shon in both columns, it means that the equipe
ment was studied in connection with only one of the Weapon Systens,

** Assumes 2 {nsiolled, esch capable of carrsing the entire l_osd.
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i TAELS IV -
§ Suzsary of Recopmeniel.Minimum Acceptadility
H Flgurea 1or A-r Firce EBquipment
§ . -
. Xean Life in Hours for Weapon
. Systems S:udled®
- Communications Lowest Highest
1 _— -
{ UHF (Tr.-Rec,) 3 79
8P (Tr.-Res.} . 70 620
: Intercon 37 I
' Data-Link a5 56 .
i . .
- Navigation - . .
! . Compass (Flux Cate) 270 . 362
' AGPI . 36 B . 1a5
Rendervous Beacon T3 k70
8 Piignt Control . : o
Autopilot . i0 ) ’ 76
! Flight Horizon 169¢e . .6&0
! : Pire Control . ‘
Ranging Radar . B gg . .
Bemb/Xav, System t 2% o * " ’ <o
Miasile Pire Control . 23 - 23 .
; Sight . . s o, 32 . -
o Alr Data Co=puter &8 .-
: " Boading Computen R Y . 108
o ° _Badar Control Revre, Beacon A . _ pt:}
f UIdentification . .
' 1P . T ¥ . 83
; Aircraft Defense | ' o .
: ~a1l Turret ConiroY N - ‘ 18

£0K Unit (Ree & Jatmer) I+ _ _ 216

*wrere the dame figurs shuwe in both coiumns it mears thal ine
equiprent was siulled in connection ¥izh only one of the Weason -
Systens,

4 *® pAssumes 2 Inatsiled, each capable cf carrying the entire-load,
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5. ADDITIONAL CONSIDERATIONS IN S)pCIRrpiG EQUIPMENT RELIABILITY
There are. important considerstiorns in develcping relisbility re:

quirements which are beyond the Scopeof this task, These are d*s..
cussed in this section.
. S 5.1 Environment

All conasiderations in ti:‘.l reprg refor to operational condi~
ticns, ‘l‘henron," 1f the minfnum acceptaPility figures presented here
sre used as basea for scceptance ltesRing, . they should first be adjuated_
to all(;w for vhe change frcm the ‘st enviro.mentjin question io:the
opsrationdl environment in questi, .

5.2 Stata-of :the-hrt

. The next. ntage in detemmn; consl‘actml relisbility requtre- .
ments is to.examine existing reliahyl 1ty gnd the future sthte-r’..ic-
art to determine how much r.euaullzy {. reusonably w«ithin reach :rou

" the technological standpoint. 1Tnia c-onuac.i-ation has entered into this
report only in ‘s gioss fashion, It shold result in design gosls that - 2

. are. suba-tar,l'tiany higher than the nindzing Dresented here, It will ré- .

main further to determiné rel’ahiLis{sos vpden ape optimunm, in some sence,

in view of the various compromiscs wpAch aP0uld te struck 89 duguiaed -
. " in the remsinder of this section, . T _' ) . -

.5.3 Other ?erformance Pea‘t.urée

In many situetions, unreliabsl sty £8 m'curred by atretching the
state-gf<the-art 4n some other asy eet of pel‘tomance. All peﬁfumrance
featur~s (including relinbility) of » Weppons systea should be balanced

m a way which maximizes over-all gropabile ty of aucceds., An excellent .
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example of this 13 the approach take, ©yR, P, Meitler® who considered

b3

tne trade-off between accuracy of 8 poming-ngvigation aystem (high
sccurecy ra2quired high rcmplexic/) ang relisdility. Optimum reliability -
, "o"‘t.'v grad Monsigas Son Sw,-r'- for Maged Stratrpic
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© 1, was Getcsudned tr an operational requirement tn & vay waich maximized
over-all prodediitsy <o target destruction’ conlzcem 23 & product of
-conponent prohatilizies, one of which was reliabdilizy,

Weight #al size should be considered in this light alsc, since '_

WA B A P EVIO b held LT YT

additionai reliars Ii:y can slwAys be bousht with redundsncy.
5.4 Cost . |
. ’ Cost 13 32-interwoven with prellability thit it has been dii't&cuzt
25r the t8ak grosp 3o avold cost considerations in develc}ins einirum ’
»a‘ece’pt&ﬁle relisiillczy figures. .As a2 side issue, in omier to tixrow some

- 1aght on the prodles of cost of relisbility another type c¢f optimum re-

uabnlty_ was investigated, This optimim relfadility s that relilability

which minlaizes total coa.t, considered as the sus of ceveloprent cost - . . T e
lhd.operltional'tsst.' Appendix F by R, R, Carhart & G. R. ‘Herd de-

- welcps a mathod of determining the optimsus reiiability besed upon s .

’ . o-mple cost mosel . -

S. 5 Maintennr:e toad .

— e e

" In some c8ses the deumining factor fo= uu..l.l.'un; sinisus re-
12ability requireaents may be the saturation of. uin:e_mce facilitles, .
Thie gonaidernc:oc has been brought to bear gn'thia report in thc.shlp-
borne p'haae orly, tt 1% should receive some study ir the other cases
axéq, esprcially in'cases of equipments which are very nuserous within
th; same type. . .. ... ‘
SR 5.6 Availattlisy : ' L
Of the variz.s peinalties that must be paid to improve reuabi.u:y,
", delsays in availatiiisy will probably present the most cifficalt decisions.
The prodlem ia poinied up by d.ffering comments oflered >y two {lag

offtcers during he Nsval phase of the inquicy, One ccnsidered thet the

most pressing protiex was long lead time 8nd Ulged thet availability, 2n

general, not te nell oy by ultra-refinement during developz=ent, The
other consldered st we saould, ir general, keep ejulprerss 1n develsp-

zent until extrzzely r~ign reliadliity standards have Heen met,

“5

;,s—,*:: o
i
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. _only 7C per cent, on the ground that is better then the slternstive
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rho. responsesin orr inquiry tended to plsce highast reliability fe-
quirements on the equipmerts with highest military value, Por 'm
same priority equxg:enél, great preassure 1s often present for rapid
improvement in other periormance features, These requirements tend to
be in sharp conflict. - In some cases, the wisest de;:inon might be to- T
sccept the operstional introduction of 8 new equipment _w‘wn‘rdubxntr
is 1léss than the minimus azceptable figure presented, here,. in éx.chnn;o
for a vital iy neeled eariy stride forward in some other performance
fesiure, FPor example, & certain high priority r.tdtr mnct'iowndt 81
for s nnim scceptadle reliability of 95 per cent, Supposs the ex-
isting equipae}:t pe:-}ommg this function is hopelessly obsolete in .
terms of renge. One wight well accept the esrly introduction of & n-
dar relieving the range anortco-;ng‘, even thougin its relisdility is

which 1s'a useless, nithouch presumably reliabdle,. radar. It is teoOR-
mended that & secvice which chooses to make Such sn exception should .
make this deiermination before the léceptan.cc_ testirg. ’
The reason this &nomaly may arise 13 taat the inquiry leading to ?ho -
frigures presentzd hcre wes concerned ‘with a:ecady-state r.ozi'sbnity re-

quirements imposed by varicus functions in the foresseable futuce, -

without regard for the need for improving performance fe_atms of
~quipments presentiy performing these runctioﬁs. As a general ru}o. it ‘
should be required thet the introduc'tion of & new equipzent provides'a
sudstantial th'ide"fm"‘lrd in one or more per{ormance features,
Occasions say arise wherein 8 new piece of eguipment is dbrought Lor-
ward which pcrrbm a4 fur:-ilon hitherto no% performed by any other
equipment, The fact that the reliability of such an equipment is well
below geivially accespted ;tendarda srould not necesse.ily preclude its

introduction for s:riice use, Once again, the decision es :o whether

L6
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or not the equipment s Sccaptadle wii} han to be udo on an mzuaun
dasis. This decision will be reached by weighing such uetorl 83 up.
‘em) of need of such ap equipment to 111 the operational rimction
lnd relisbility of the Plece of equipment under conudcracion.

5.7 General Remarks . . ) .

Many problems in specification of equu:unt reliadbility beyond )
the acope of this task thua’ remdin to be otudzcd. This is n'ot_ o say Lo

TSI AVReaed M ek e AN A Ter oAt s o

: that the minimum acceptadility figurce Presented her; are not tame-

i diately useful, For ons thing, nodiricatzom of these ris.u-ca might

j be made by considered opintons nlon; the lines of the prcccdmg_ma.-

? paphl. . . ’

S Even minodiﬂcJ, these spproximate ninioun atlndarda sh:uid bo

} " far better than none at an. which is what designers genecally have ror ' oo
uzxqbzlxty guidance at present, e quickest uay to errive at duradle S AR |
renabiuty standa>ds 13 to commence the practice of .,ccciry.tn. ve- . ' .
1sabilsty uth .the best figures readxly cvnnublc. It ls m this
spirit of fipst spproximation that th2 use of this repor: 14 recom~ .

_ mended, - . S B
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6 RECOMMENDATIONS

As & result of the investigation reported here, Task Group Number
" Oné rcacamends that: ’

(A) The sinimun accepuble renlbnity figures punntod in
Tables I-IV be sdopted by AGREE on s first-spprozimation basis.

{b) Before application of these nsurel_in particular instances, .
the sppendices to this report be reviewed to determine whether the ‘
\;nderlyin; sssumptions are consistent with the app'ltc’:t:oﬁ in
question, . ' ) '

{e}) As time and effort for ndditloml otudy become Anncblc, .
‘these figures be modified with regard to test envxronmnt, state-

"of-the-srt, compromise with other performance renuru, ecost,
saintenancs load and avunbxnty. .

{8) Rather than make no lpeeiticntions in view of the long auayu
chnt. these additionhkl studus nay requu:e. such mogifications bo
ssde by cousidered oplnionl. L . :

{e) Specral studiea be wade to estahlish rexubn..ty require~
_meAts for the wajor air degenu data~-handling sysienms lgch a8 SAQE,

Naval Tsctical Duta System, and MISSILE-MASTER, and £cr m:ssile-
b4 .. . Fd
borite electronics equipmenc. . )

- —
e ————
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APPEIDIX A
The Reliabiitty Punction, A(t) = e-¥/2
In this appendix a derivation e given oo the exponentia) relfsbility formuls,
Values are tabrilated in table & 1. ’

s s e S i b e e WP

PR

Suppose that a large mmber of slectronic equipmentiof a given type vere .pupé_
simultanecusly in & oingle installoticn, It is weid oowm that, 1f no repairs are made,
the quantity of equipment working satlafactorily will decrease with tima, Suppose the

' datarioration of the quantity s Anverssls proportionsl to the quantity of equijwente,
tiat 18

Q) g%:-kq'

where k is the velocity constant of this detersoration. Then ty separation of variables
this diffsrential equation 1s '

t .

(2) dq = .k dt, T '
S Tpon integration : : ..
] . . .
. (3) logQ=.ktei . : ’
" whers A inclules the constants of intagration, Then, .

A - (L) Q=2Q ekt

wtare Qo includes the constants of integration ok, _ ,
An interpretation of squation L 1s that Q i3 the quantidy surviving after sime ¢ -

vhere Q, i» the quantity starting at tine, t = 0.

Dividing both aides of {4} by Q the fiactinsn surviving or the probability of
survizal is obtalned?

{s) R(t) = so:: okt

. The reliability funcuinn (B) iz 2 Dxcb.on of tine with one paranetar; k, ths velcclty

g sonstart of detaricration, It rcan te  wn that ths =2locil, constant ia the reciprocal
E 37 the rpan- tire-to-fuilure,
i bg ) .
g,
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This mey be shown by determining the eentroid of the probability distritubion of the
longth of 1% since, by definition, this eentroid is the aean Mfe, The relisbility
functior. 4s the probability that any life time, x, is greiter than some tine ¢ vhich
nay be written as _ - '

(6) PMxyt) =" f £(x)2x w R(t)
vhete :(x)'u the frequency dxgmmm of 1ife timer, Since

=4 £{x)dx = ~2(¢
) =¢. P et f’

(1) £(3) = -an(s) : . .
and from .(5) . . ' | .. USRI

{8) .2(t)-3 xaskt,
Tue controid or expected 1ife (mean-time-to-failure) is

»

ws ;-"z(r(t)cnz-"m*m-%
mdkl%.

Therefore {§) may be written ae
(9) Rtt) 8' ."tﬂ,
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. APFEXDIX B
Allocation of Svsten Failure Rates |

"Bl Introduction
. In this appendix we consider the pr—blam of translating system relistility uqun- ’
ments into requiresnts imposed on subsrysiems. Specifically, the method developed is, °
‘ in effect, an allosation of & systen failure rale as a sur of failure rates of the
subsysters, lLater we shsll apply this neti\oq to u.reuf'.; wveapons systems, and therefore
we proceed here in this urbame. contaxt, Act\nny the method appliss gemerally to any.
aysten which can de dsccaposed (aprroximately) as a lorh!'ot independent subsystems,
The mission success consideration may be replaced, for umph, by utoty of mght ar -

s.xrvival of orev action,
'8 2 Derivation of the Allocation Formla L

Consider an airera’t with k equipmenis nsmod to be independsnt md in urin L
- in their effect ¢n mizsien success, Sa'ch equipunt h assumed to eonsist of Mpond- :
ent standard modules, ons for sach tube, {Allowance for d‘.p;iutiona snd -ondquh
substitutes for tubes will de disousaod later,) IM.

?s pm;qkmty that the aircraft mission -m ot fall due to ommm
faglzre .

and,” for is),..4, k, lat
£y = 2exn 1ifs of the 1"’ squipnent, ’ )
34 = time fron take-off until the 1™ equipment is na longer noeded,
Wi @ orotatilivy that, given tne 1% equipment fails, the mission will fagd
o # wiestan f24lures dw to 111 aquipment failure » ilmﬂu;" factor,

Pl el it Tallures
ng & msder of aocules (1.e., tubes) in the 1th equipment,

¥
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Using these definitions, the allocation formwia usel in Sater appendioss on sirborne .
systens iz as follows: .

1
.
i
H
i
2

N wehs *
na W » fOl‘ 131.000' ko )

Here we consider the values of ny and P t0 be minimm acoeptablo, ¥e shall presently
derive this formula undev the assumed requiremsnt that sach moduls make an oqud"oon- :

a e o e ————

tritution to mission success, and latar we 2isciss sowus sdeplations 40 be made in

its application. First let us exumine the formula hmd.tlinly.’ ' .
Note tnat the required mean 1ife m, increases vith importance wy and time %y and

decrecses with Telative nodule count ny/N, This 1s clearly as 1t showld be. That the

« =z, pee—
.

relation should be proportionaldity is obvio\w as regiards t4, pouibl.y not as obvious as
regards vy and ny/M, Finelly note thnt
~loge?x 1l - P, . . .
80 that by reciprooating the forwula, -1t u'mn that the allcwed failure ::.u Vg ’ e E
s sllocated as a portion of the systea !ail:m'nfc. This wuch has i.uu;iun.'lmd. B
Tt may bo argued that additional factors _ahovﬂ.d antar. into the allacatﬁn, .but thoee,
; treated above aiw comaidsred o be sufficiently governing for e prosemt purposes,
. To dirive the formils we'note first that (umc exponential feilure bebavior) © - :

“ o

Pe r—', (1 - Vi(l = 0xp(e t)0)e .
4

By using the approximstion exp(x) 2: dax ’.h!.: 2sn be siaplifisd to o

N k ..
ot exp ( - '1ti
201

mro the approximgtion has boer ;pplied twice in opposite directions oo ‘.hat srTors
"cancel in part, The sccurscy lirits of the up*mxsntinn are dumud t«ho next
ssction.
The requiresents are carried to the module level by sotting my = ny'Ty for
" 4u1,4005%, 86 that T4 13 the nean 1ife of each mcdule in the 1D equipnent, We now
revard the above expression for P as pmduct o} § factors which raguire o b
eqial, e,

vty )z PN,
exp( "'F;"i)

%3

< %“
A
o e - lﬁ. {ﬁnﬁt ;
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. Thus the epeaific basis of allocation used is to require that esch uodule zake sn

equal contribution to mission success, It follows from this equation thet

T Wt . .
n =ad _L?E._’ .
oy " B .

and the allocation formmla is thereby derived,
The following fictitious exampis illustrates the applicsiion of the formulse:

P =9 (min, ace.), <logel s Gd
’ »31200%
PR 30 5 Lhrs, 200 hre.
RAAR 200 R L hrs. . 8.hrs,
™ 50 . .2 - lLnre,

-

PR X

U8 hrs,

3005 £'n .,

B 3 Exceptions for zquiﬁeng of low Ixportance
In equipments ¢f low tapertance it may not be pessible for ugh module to0 0OoN=
tritute to mission success equally vith more Lportant modules. This 15 especially

trus if"an wnimportant equipment is also coxplex, " Including pueh squipments vould'. i
Gistort the allocation, The condition to be met to awoid this is preciselys
. > 1~ an for 1‘1';00' | 8
Any equipment for whirh thi~ inequality fails should te elininated from the allocas
t33n snd the module cownt, and should have its mean life requirement’ detormined in -

soiw other way,
If an equipment barely miets the above inequaiity, it is probably better to use

the allocation formula derived without the approximations zur-d in the preceding ser .lon,

vixet
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By series expansions it may bu shown that the error in 1/ny incurred by using the
simplar allocation formula as opposed to the exsct formula i3 of the order of

1
’?I

g . (1 0P .
1 Yy

In sa’sty of flight problems, ¢bis wiil be s=mil Yecause 1.P &3 very c4mii. In miesion
succes. problems, it trill usually be amall because "1./('1") ) ’

B L Allovance for Solid-Stu:w Electronics

It is necessary to taks account of the fact that in many present equipnents
.!'unctaom formerly performed-by vacuum tub.es are now done by solid-state devices, For
this purpose the following zquivalences have leen adopted 1..1 raking tp a nodule zouats
: 1 transistor = 1 module . ) b .
1dtode o § mdule ‘
' 1 xagnetic smplifier g 1 rodule ' . ‘ .
This i3 not mtt;n‘led to mean that the failure rates thémselves are reiated ia -
1..tda !fashion. fatoer at means roughly t.luv.,. for oxample, a transistor and its l.s.‘och.ted.
parts purfo:;m' a function equivalent'. to one perforaed by a va.cuua_ tube and u; nssochu.d
* parts, )

In 2 few instances digital computers are encountersd witn rather
high module counts. Reductions in mocule count are made to ‘sllow for _
the fact that failurve rates per part in digitel computers have beea =~ :°

found to be far less than for redic-radar types. . -

b ' B 5 Allowance Tor Dusiication

In case an equipment {s duplicated in parallel, ‘it 1s neéeaaary'to K i S
treat ‘the combination as & single equiz=ent which is then sllocated a
mean 1ife as such, The applicable impsrtence factor pertains.to (len.u"f
of both members of the combination. There are two protlemss '
(2) ¥hat zodule count 18 uss¢ for the combinationt

ib) How is the mean 14fe r© =2 cach acsbes Getermined from
the cean 11fe 1w allowed the coszbinetion?

£%4]
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The second 1s ~esy, wc' have
t t -
exp{=) 2 1 - (1~ exp(- - ))2 ;
] . e .

’/ﬁl - (= ;t‘ )2 exp(- f.g )

which can be showm by series axnansion to have an error of %he order .of
53(1- E ). _This error 18 generally quite szall. Thus - )

r F\/®ET, for 2 equipments in parallel

r =‘V;:2-. for 3 equipments in. ;_nunel )

‘. The solution to problem (&) above is -n;'at as clear. chnounli the

module couni used as index.of complexit.y of the pu-auel combination
should be leu than that of a singie nember. . I¢ the two xembers wire in
series, we would coneider the combinauon to de precisely twice as com-
plex as clane member, Conaidering parallel connection té be. dusld to’ ‘

"aeries connection, we thercrorc use hslf the Lube count oi‘ a2 2&!!‘._!

Denber as the tube count for the parallel combina.ion. o

- T Two difference equipments with médule counts n, /n , perforning essen~
. ) tal1y parallel functions should be treated-as a comh:muon vith tube . - .-
. count 1/%¥(nyno). _ : . Co o
Lo The forma above nbo;nd then be revlaced with - : ‘ i .
2 &, VR . ' - :

] 6 Reconmandsd Further °‘q.d;r of ‘Allsestion

' he nodtle-count. method of aceourting for relstive difficilty of atiainmat leaves
ruch ‘o be dasired, ngreso here should f21lx 2rogress fu prediciion. Adaptadility
to dmrating, 'u.r oonditioning, relaxed tolerances, ete,; should a1l be sonridsred, ?tn
onjective is to make proper allovancze for relative éi.'!‘&cn.}.ty of sttaimwnt inherert 4in
the fuiction of e equirrents, which may be quite di”Zerence Iroc relative reliability
exittitad by past designs, .
Tha mdu’swcount mathod mey be unfaf® in that 1t dizeriminetes agafort smfecturers *
-de wloping & succe9ssr oquipment to one .which has alns:i,v had fts 2ubs cornt reduced as ‘
56
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APPIEMX €

Details of the Army Phuse |

€1 Selsction of Ecuipmsnts
Por the Arxy phase of te “ru} .L"n types of equivent were selected for

their intrinsic importance to Army operstiors, The typos of pzaransd'oq;ipo

. mgnts selected werer
(a) Tactical Tehicular commmication sets,
) lbbua long range ’co-um.iuuoa sets, .
] (e} R;dio relay commmication sets, ' . ) .
. {})‘ Mortar 1icating radar uu, and . . . : . L
(e) SAM Control Battary, i ’
. c2 wlhction of Data

A orief discuasion of the prograna uﬂ 'Y copy of the qnntiomuro weare- uat.
) to the pmpoctin phcn of visits prior to actul personsi conuee by t.b
ST meabers of the tasx growp. Resuits for each type df equipment are preseanted 22

tadle ¢ 1,
C3 Aralysis _ .
C 3.1 Tactical “ahistlar Cemmica‘xon Sets

Two replies are presented in tsdieC I for this equ:.p-':t with e nunlunt
mgan 1ife requirements, ’

In ‘the discussicn with psrsonnsl, ‘it vas clear that an 8 hour shift wes the
cruc‘al period of time for which failure-free oper:iion 1s requirel; therefore, the
mean time between fallures of i60 hours would be the Animur accsptadle Zor the
ugers of the sets.

It 25 intereating %0 noe the’ the figure of ,90 for L8 hours Za not con-
siotent with the requircmnt of .95 for 8 hours., The differsnce saiitited hers in
theae responsas 1nci:tes the J1fficulty 4n evaluating reiability requirenents and
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the greatest variance 15 wually in the Asteraination of the eritical period of

s TARIX O I
o _..Responses from Arxy Survey
v linht-
: : Migsion Aceeptable Mean
§‘ Equipment Type Length Reliadility Life .
g Pl @ S s
(b} L8 hows «50 180
Mobile Long Range 2k bowrs ) 95 W80
. Communication Set .
N Budio Relay Comcafe - 2l hows 98 - - 1,20
v cation Sst . ' - .
Zach of 12 Equipments- - . . . 15,400
Mortar Locating (a) . ons hour down time -
Redar Sets T @3t favery 2h s wp ..
] _ (b) 2L hours T ="y
’ ) . () 2k hours ST - 8o
.. . () 20 days . ) _ h,000
) T {e) 20 days R . ~,600
3AK Control Battery (a) ° i Y RV A =, WO hre 39,8
" {v). Lobhrs up, ~ s e vy 8. b6
. trs )
) 6 - 9 . 120
. (@ 2 - 95 o
; . , .

C 3.2 lMobile iong Rangs Communication Sets

A response for the requirements for this equipmest Zs given in Table C I.
4n astimste uf #» 2ean tim hetween failures for this system of L8O howrs sesms -
quite good. '

In the dizcnssjon during the into;'ﬂeu with the nrioua. groups on em o
equipment type, it was quite o'cv‘iom thee the cuncept of reliadility, as we have
defined it in this report; was not ‘unleretcod adequately, resulting in copsider-~
abls Jifficuwity wva the. part of the peopis interviewed to detorxine a prvbsiunty

figura, The orimry rezson for thin was that the aysters vere requirsd to cperate

59

5

g4y

.P,,
G

¥,
i

e,
’_90?

R
ot

o

* ol s
A ate .

W AW ML AW W TR MW LTI W W LW W A LT L LY [V J%1 J°- &

o 1 -y AT Ay TS LI L A _ o s MEATWATS WL WL WL



& FX ’ SN X ™ " e N R R L N R
W&WM“&WM;WT&M Eaa 3 8 de A g Wiy > X

continuouely. The question - "Retimets the smallest length of _Um between
* faiiures that can be tolsrated for 955 of the fallwes® wes posed,  The relative
importance of this system, with respact to the mission sccompiisamnt, could not

- Co . ) Se deterxined by the users, Agsis, tie Qarao- alternative techniques er oqupnn
sade the important factor, ss used in this report. relatively swll, Bastcally,

* the user morely stated that failure of any pariicular equipment reiuced the effec-
tivensss of the operation (-l_nury) but it vas Lmpossidle to determine wiat efiect
tixh night have on aission fatlure, -
€ 2.3 Reifc Bslsz Ccmanleatica Sote '

_ The radio relay sete are continuous a;nne:n; oquipwents ussd' priserily for. .
commmicetions: between Aruies or anong Arsies. A comemicstions network of thass
equipments gensrally conalsts of two tarmingl stations and five relay statioms
Rach terxinal station consiste of one receiver transxitter ind each relay station

consists of two receiver tranmitters, A spare receiver transmitter is mintained
at sach location, The qu_-um directed at tb wers of these systems .m to an
) entire relay system coneisting of 12 receiver transmitters in wee with é lunﬁl;y
. spare R/T's. It 15 ioown to take spproximately five minutes to switch a spare wait
into operating position when a failure occurs. The replies to the qmum- {00
e Tabls € I) have muma thet the minimun time bemen r-num for 985 of the
.. feilures should be 2 howrs for the system. Also, tlht 985 of the repairs should
be mace 1a less than b howrs, ms;mnpondshan;nunw{anmtorm
system 15 1200 hours and the mean time of fajilure for a singls receiver trensmitter
is 1ii,L00 Reurs and & mean time tor repair of one Mur,

A vesponse of 98% of t.ho.rail.\rn raving & time between fatlure of 2k howrs
or ncre, mesns that out of a 100 day persod >f operation only two duys would de
expected to have a tc‘.l;n'c and 98 days can e expected to be frnilure free, This ’
figure sppears io bLe very iigh and it fs tw cnm‘om.m of opinion that a response
that 90 of the failures having s time betwssn failume grsater than 2l hours wowrd

be more reagonsdls; Tuis would correspond to & smean time to fajlwre for a single

recoiver-tranamitter of 2600 bours.,
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€ 3} Yortar xauuiw Sete
‘ The defensive reler sets ars weed prismerily for hut:amqmuhry-r
mortar installations, It respotse to ouwr questiomaire: the pecpls interviewsd
\ -indicated that this squipaent mcy de uwned anywhere from tuo days to twenty daye for ..
a single misston, e cperstion. euring this mission, would be continwous, fh'
usars indfcated that oo failures zhmlld ocesr dwing this continucas periad. After

scms discussion, St aae realised that the ssrirance of no failures wes ispossidle.

, A revised estimate (s¢e Tadle C I) was obtained in whish the user concluded Adat L
'\ 90 - 958 ‘of the 2L hour oesiods.should be failue free, Jao sddition, it was
f mmme,somcomummmgmmnm&
each day betvaen xissices, Evgineering personnel indicsted thet the specification”
recuires the equipment to operate 23 out of 2k hours and the other Now was o be
wed for repsir. The repair tim of one hour could taks Tlice &t acy tim vhm &
fatlure occurs and 1t alght 1o the total Sims te mke & mwder of repairs. )

It we utilise the 95¥ requiremsat for the 24 hour Piclods of fallure«frwe
opersticn; we would impoee & requirems:t of L3O Dours betescn faflues. - It 1s the
toraensws of opinion amcg the task growp that the requiremnt of L2 hoxs would
appear £0 bs & reasomatle -mqum.ut. . ' o . -

" € 2,85 8\ Control Beltery

Four separste groupw wers contacted for the requirsments for the deZensive
nissiie ground system. It was clear that with the defensive mission of tiis systen
no -dnhm requiremn’s :;:’nd e stated -witaout some sconsidarsticn of the doate,
It was suggested that It would be necessary to gpecify the following ca:d.‘..:ioa‘s

{3} early warning time, ’ '

(®Y  levei .ot axpacted attack,

{c) level of defenze {doployment),

(d) enemy rarabililles,

{e) types of delsnee, ad

‘2% treskethrough it can be tolersied,

Since twse sondliticns couid m}. be snecified with any degree cf eccwracy,

Lo cfficial position %akes 7 =et peopie inlervimwed was thel o Zailuves of the

Tl e T W WS K R
A PR Jrapremey S pey Ry S NS LW o AN T P P T T oz " VAl 2T, a¥e s amy g s b b b ot S0 S =]



K ‘f.,.::.”;.f
N ' e

byl

i
46t

4

Tgm‘v
oA PR ot

» 3]

r?" ZrP "».'
Lot sl

oy e v
b e

o N

. itk o
¥

oy

SO
pi- W o

==

LA XA

AR g g )

<

O OO UL T

RS - an AL W w
e T TN PR YR AR R P IR 2 A SAR S TS DR N AN T N i Sati i, ol v

-

. of an early varning time created a3 sMitionai conlieraticn. Coosesaatly s reesit )

- elond from these responses, but it is the consensus of opinica of ide growp that a.

IRV MW B MR S G

. -

elactronic system could tw tolerated. nuzmu Uat this piaced o Tequiremst tot-
the minimun scceptable reliadility of 1.00 and that this figwe is smpossiblse, othee-
approaches vere necsssary. As & result, "reasorable” requiressets in ight of the
-£xdividual’s knowisdge of tae existing system 1rd his axpectasises by the I960's

were obtained 1o two cases am in enother 2vo cases the sarly warsing period was
spocifisd,

Yhe figures presentsd ir $4%1¢ C T were in m.tez:-x {a) the first tw
instantes vere in the form of the nusder cf hours of mistecasce tiat showid be
required for any randonly selected priod of ¢ hows sime tiis seesed to be the
easiest mthod of attsck by ‘the operatiooal pecple; (D) the isiter two responses
stated the requiremsnt that only p peresnt of the time betwesa faslcres could be
less than ¢ howre and specified an slert status wisreby the early waruing vould be
one-half how. - N . '

It is 2lear frow the dsta in a1 C T that the saditica of t2e restrictios
vas dorived 2ifferert frcm the others. ¥o cosrrect or atsoluse »2e2its can be deter-

sinimin scceptadle ﬂ'wn of 4b hourn mesy time Detvesn feflwes weulsd Yo appropriatse

.
.
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electronic system couid be tolerated, Realising that this placed a requiremsmt £or
the xinisum acceptable relisdility of 1,00 end that thiz figars i3 imoesiblz, other -
. approachss were necessary, As a result, "ressonable® m-m in lght of the
individual’s knowladge of the existing system and his expectations by the 1560's
wre obtained in two cases and in snother two cases the sarly warning perind wis
. wpecified,
The figures presented ir $4D10 ¢ T very in varying formm (a) the first two
instunciag were in the farm of the n\gbot of hvurs of mmintenarnce that should be
required foir any ranionly sslected pariod of t hours since this seemed 1o be the
easleat mthod of attack by the op.ontioml peoplo; (D) the latter two responses
stated the reyuirenent that on]q p percont of the tire between failures could be )
less than ¢ hours and specifisd 4n alert status wherely the sarly warning would be .
ooe-halt hse, g - . S
1t 4 clear from the data n Sab1eC I thet the addition of tho resteiction
of an eariy warning time created an addigioul eom&emm. con;o'qunu; a n;ut
was derived diffevent from the others. o correct or absoluté resalts can be deter=
xined: froa these rupomo;, but it is the consencus of .opinion of the growp tut 8.
sdnizun ucceptable figure of L6 .hourn Bean tine - between rulmc vodld..bo approprhﬁ._ :

.
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APPENDIX P

A 8impls Cost Model for Optimizing Reliability
by R. R. Carhert and -4, R. Herd

A simple cost model is utilized to describs & means of allosating
expenditures between development &and operating regquiremsnts dy
selecting that reliwdility which will miniadze total cost, It
is intendes to be & quick and rlexible means ¢f estadlishing.
approximece cost allocation detween requirements which sre funuctiona
ef reliat!l ty. The eaphesis of this paper 18 on & methodology
rather then oh specific dollar velues to giide the potential
user on the smount of monstary onphaail that should be given to
the problems of reliabilzty.

v

F1 Introductton

Although & pert of 8 eoot-adclyqis task 18 simply to determine the
cost of producing and using & system, a more important aspect of the work'
is tc establish the costo'in & wpy that will permit Judgment regarding
sertsln significant features for budzeting. This counsiderstion has led
.the suthors tor the method presented horeiﬂ-{qv allpoltiég the budgetery
resources between developmen;ai,lnd operatiénal roéuiroiiuf3.'

T%e two major cost categories that are considered are: (a) de-
velopmental costs and (b) operational costs, &ho use of only, two broad
categories mesns.thab a multitude of factora are included within each -
cacegory 80 that in the future 1t is essential that more refined costing
should be used. However this simple breakdown does emphasize® clearly
the ccntra;t of the one-time investment outlays b}lﬂ & D sgainst the
invastment and recurring opsrating expens:s of the procurement and xs2ine
tenance groups. This distinction will permit 2 better measurement of
both the ecuncric “my2ct in tearms of R & D coatys against the total cost

of the cperation over the expected useful 1life of the systems, (Rand

Las developed a methodology for cost estinating which may be &adaptebdle
to this sitvstfcit -~ see Comrent (h) at the end).
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one way to define the cptimua reliadility for & plece of electronic
equipment is to seek that value of the reliadility wnich uiniaizes total
nie;ion cost, For boading radar, for exsxple, the mission might be to
boud 8 stated number ~f targets whes required, The cost to maintain this

capability, say for ont year, will de called the tctal =laslon coit, c.

1t tncludes the cost of hardware Cevelopment, ‘facalitles, aireraft,
supplies, training, ete¢, - sverything necessary to estadlish and =sine
tain the military capadility, .
F 2 The Cost Model o
. The misgion cost Cy 18 the sum of the ‘operational ecst and davelope

ment cost

Ca ®Cy ¢ Cp- ) {1) . - -

The dasic cost, C,e consists of a “basic” coeﬁ, Cg. wnich 1s independent '
: of force size and the reliability plus s variable cost, Cq» Which 18 de~
! pendent vpon the "forxce” co8t and relisbility so that : ’

' Co #Cq+Cqe - - (2)
Tne basic cost, Cé' since it 1is independent of the relisbility of the
electronic equipment and tre nuxber of equipments must include such cnots
ag basic installation facilities, services, sdministration, ete. This
basic cost includes costs of an invesizent nature as vwell as of a re-

currinS nature, The varisble cost, C_, reflects the ccst £f those

"
itews, facilitiea, and rersonnel tuich must be increased 1 %he relt-
ability 18 low in order to zaintain & certsin capablility. It seems

reasonable to assume that there is a "force” cost, C necessary if the

P’ .
equipment reliabilicy Joo 8 t hours were unity &nd that in's g would
chinge inverssly witr the rellatility, 1.,e,,

e = Cp/t, (3)

ahere £ is the misaion relladilily.

/i

For an equipment reljiadility of 30% (R = 1/2), twize <ie ‘erce

(o

fize 18 needed hecsuss nall t%¢ misuions will fall; hence, <23t %8
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equipment for which cost optismiration ias performed over the current

‘} _ reliability state~of-art, Ir r/!° 3 1 the new equipeens wi)) hve 3 . ’:2’ ‘g‘\%\é
: reliadility typieal of present gear 822 no adeitionsl developmental ' ’ SR

?{. ] Cost for reiisbllity is required Yeyoad the nominal cost for equipment

?' ' . of this typs, taken to be cao. Tnus cao 1s the "standard® cost to de. -

}\ ‘ velop & given type of equipment having “satanderd” or current relisadilssy, - T

“ It a new equipment is required to narve & aodule ®esn-tine-to-fallure c2, g '

,,g ) 88y 10 times that of & current equipament, then T/To = 10 and the standand

' develobn;ent.cocc cno ¥ill te incressed by a factor (?/?o). s 108 to

i;; 8chieve the required ndditionnlhrellnbinty: Here "a" 1s a constant

py + Which must be determined from ewpiscal studies,

ﬁ:' ¢ - T F3 Complextty _
ri" 'z’m reliabiliéy of electronie el pnent xi auune:x, to fonon.v:t!u ex- . -

?30 pouential lgw (this Sssumption 28 erported by empirical evidences), 1f
g’ - R 18 the probsbility of no fatlure in operating time t hours then by oun

% Assumption i : .

5 ‘ . : R a et/ o e-nt/fy (n .
“» where m = eq{xinmenz meén-time-to-fatiure, s com.unt. {hours per 2quip~ .
o ‘ ment. failure) .

"g n * number of HMocules, s messupe of .comilcxity -

:*f T = moduls aean-time-to-fatiure,
,;i _ The mod:le is a concept useful ta Tellability work. It represeats '
'}x one "elect.ronic building block" for Teiladbility purposes, Since &
; typical radio or radap has one elestr:n tudbe for every 15 electronte .
: parts, By dei‘inmg the module aa 1/15 of the nhusber of electron paris, ‘
%,3 the number of modules become., Bpproxiusxtely the number of eleciron tutes, i3
B If the module mean time-to-fajiure 18 T hours, sn2 if there are n ¢
-5 ~odules in an 'equipmnt, ¥ith the modyles Stcchestically irdependent, tne .
,. equivmant mean time-to-fatilure 48 = » /. Tais ‘1s shown in (7)., %he

Yy *?{EHE“W;*an* Hedetniems, c.J., Prefizting the Rellability of

o ch'ggggf“g,,f;?“’ﬁ’;?;";;:mgﬁ;;;’g?'Afiff;."j'“s‘f.., Equi
i Aes, 'Peb. }:9')3, : BB Quigzent. Journ, Cp.
3 67
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" ‘reliability in (10) and o minimize this cost Cy V_ith‘respect_ toR 18

module concept allows the complexity fsctor to be removed in comparing
eGuipments of different compiexity in reliability considerations,,
' Prom (7) T can be -expressed in terms of R 80
T & ont/log R (8)
where log R 1s the natural logarithm of R. '
Upon substitution in (6) we heve _
Cp = €y + -n%/l0geR)”.  (9)

where 4 = Ca /T8 and the miesion cost given by (1) becomes
o .
' Cy “Cg+Cp/ReCp+cCp (10)

. . e o
. CB + cp/R + cb + d (‘1'_“'/103 R) .

F & The optimum Reliability

The mission cost (total coat per miseion) 1is given in.terms of the

to make DN
Y an

but this is equivalent to -
dicpm) w 9 €y oyay
. g @ B! Q2 _
or from (10) with Scue menipulations we have . ) -
c’ s —8d{~M\‘ . .
;(.5 R{log R)e" (13 e ‘

Rearrangement gives the condition {ér optimum reliabiiity, ssy R, as

EX:Elf’l oo C
(1og )**T  aa( at)® - .

YW % oy ‘
log 1 adlntf’ ‘
Por given Cp» b, a and nt this equation can be solved for W,

P 5 An Approximaticon for Cptimum Solution

For the exponential law the unreiishiisty is defined hy
Q ® 1-R ® 1-e=Dt/T & (15)
wnen Q is smrll compared to unity the follswing approxiration holds
Q = nt/r {a{{1) (16)
8
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This approximation 18 guite go‘o-d for R as low as 70 oy Q% .30,

Ror s p.a.rtieular plece of equipment in which the product "nt® 1
. fixed, the relisdility cost, Cy, can be czpreued.':ln ferms of the Q.
The (6) may be written as

Ch=Cy IR _)‘ .
\ _ R R°(‘£ (\1)
\ Us.r.g the approximation C

. - log ¥ % -log (1) el (WK (18)
in (12) we obtain the relationship ' .

Q) ~Za{1-R 8 .
(- me) e L (19)

Now Q, should be in the netihborhood of T so
' (%1 pon 0p0 (12,0 /Cp

T ol Qe? (1-90) caq :%'r o A (20) . .
. c? ‘ .- . ,

tz'{”"
" T

o = 4
100" Ve

i~ *

- T, P 6 Numerical Exgmples

Té 1llustrate the remarkable sgvings in the force gro;uremenc'pro-
grsa which ca& Se efiected by rellability development’'sffort, sb?e'ai-; -
.}mples are gliven utilizing (20) for determining the optimuu.réliayility.

~ © " It 18 believed that the cost numbers used are correct within an order of

megnitude, The reliability figures are assumed for 11lustrat .on pur-
poses and the approach presented aesumed thaé the igportance factor for
the system under cénsideration is one in each.caae., The ésa&mption of
an irportance factor dirferent'rron unlty will not cﬁénge,tie anslysis
although the rellability, Ry, will be affectcd and a different optiﬁun
point, R, wili be obtained, The results snoc that the optimum rels-~
avilities for typical airborne complex &lectronic equipment are ex-
tremely high according to our argument presented e2rliepr in the paper,
This meang thsat we are (8lling far shert of s;ending enough to develop
relianility snd “ar tos much mcnéy 13 spent on buying additional forges
to supplement the uncrelleble ones through redundancy.
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~ In the réllowing exnmbles we shall assume 8 mission force of one
hurdred bombers costing about 10-=i1lion dollars & plece. (This 18
abcut equal to the present cost of B-52%s with sone sipport co‘t in-
cluded,) in other wcrds force cost, Cy. for the 100 bombers will be
proportional to $109, one billion dollars. The proportionslity factor
. is to express Cp on a per mission busis., It 1s further assumed that
" the mission 1s to provide immediate retaliation if called upon over 8
one-yesr period of time and that the aireraft and equipment useful life-
are the sgne ..c thag the proportionality factors -cancel out in tle rco-.
sulting examples,
- . Example 1. )
. Suppose we have a transceiver co;nunication equipment ciﬁilcg ;o,
s3y, *he ARC-27 or ARC-3%. The following information 's availsble;

n- e 100 Cp = $1,000,000
t = 20 hours "~ To " 10,000 hours *
: . _ " Cr, = $250,000 : Ro ® .80 21-~¢o

(a) Xf reliability improvement cost 1p indirectly proportional t&
the decresse in unreliability i.e. in (17) & = 1 then from (20) - HE

we find

X . L 1-X =0 =20 50] 550,000 « _0063
' ] % ) . . ) V 109 .

-7 the optimum reliability 1s given by
Re .9937
(b) If a = 2 in {20} we have - .

. 8 '.Kllmzfn.ec) 250,000 = .0252
. 109 . .

So F s 977
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Exsmple 2
Suppose we heve a bombing -~ navige“ional equipmaent end the follziuing

information were available:

n = 500 Cp = $10,000,000
"t = 10 hours Ro » .9e1~Qp
Cro, = $2,500,000 To = 50,000 hours

(8) If e=1 1in (20) we have

) ' T»  [LGOY 5 X107 « 0150
' : 109

T v 9850
{(p) If ae21in (20) we have

T )\[2(.1)2L-9) 25 x 100 = .0336
10° - S
X - 96M, S

° » 7 Comments
L )

(a) .The modnl tsxes into arcount complexity 2ad opersting time, -

foras cost, ths stats-of-art of elsctronic resiability.

L (b) It does not inclide the "cast” of lsrger develupment time for

highor relisbility (if &: 22 durgzisd.

(c) The development ccat function (5, 6) 1s an ssbitrary function ) .

dus 1t 1s & reasonable function to sassume for empirical cvgluation. ht

, this time determining the conatants & and b is difficult becsuse of the

1snsted Amount of data available on how much it costs to increase reli-

edbility by kno'm amounts, HovWever, soxe rougﬁ estimstes could be made.

{d) The Jeasoning employee herein is perfectly general and can be

spplied to seversl different equipments independentiy.

{e) The model tends t give conserveatiive results, 1.e, the optimum

1relisbilities should Le even higher tnan those given by (18) and (20),

One reason for this is that the whol2 stete-of-art in reliadility t:nds

to te sdvanced over 8 broed front by improve: 1ts made in one sectcr

(tubas, parts, inetsllaticn, operationsl eass, etc,). Other equipments

n




*

I AL W2 2RI LIRS bW e KW LSRR T L NG RER L NSV INAN SR I RO F 2 A3 R Tl AR A -TAT & 4T R

A
oA

-

N

s chn thgrotoro be improved in reliability at less cost. ?hﬁl, there mey

;?5 bs & tremendous "share the profits” effect when development money is in- ’ .
;’: vested to improve slectronic relisdility on even one project. For this

%:5 *share the profit" effect to be reslized it 18 of course necesssry that -

f’) . there be adequste technical communication about the relisdility {m- '

s provexrents in question, ;

:§3 ’ (f)" It 1s well known that a number of major elecironic projects

;gh . have, during recent yesrs, produced equipment of unacceptsbly 1°f rel@-_ e

’ ability. In some of these projects major sd hoc "fix-it" prograss

?i; . ha?e been initiated to improve the rel;abillty of the production ar-

?g’ ’ ticles to & point where the services could use them. It is bslieved -
égz ) .bi the a?thor: that attaining ?fliabilityiby such ad hec me=ns is v;ry'
%ﬁ much more costly than the expenditures required in the devgzogment
fjf - program to obtain the same relisbility in the end prodict through @

{;: . well organized and well planned program, In oh:ginxns any nuzmerical
3 } i . data to project the results of this paper, therefore, cnly development
iéﬁ I piograq'costa and resulting relisbilitiss should be considered. If the
‘ evidence from the ad hoc programs are used to furnish example} the rels-
;\a ’ ’ abllity will appear to_be.much.nore costly then it in fact is and the :

? . optimum reliability will, th;rerore, appear to pe lower than it ectually

3 w0 . -

) . (3) Definition of State-of-Art, In connection with (6) it was

fﬂ% ruggasted thgt the modula pesn~time-to-fallure T.be 9led as an index of
:;: the reliabiiity State-of-Art, In applying this in prsctical studtes,
é it is believed that the upper 20 percentile. point, Ty, in the éiatri-

{ bution of T should be used. That is, 2o¢4or the equipments chosen ;s - .
'? - representétive for establishing the state-of-art should have-T's greater
%ﬂ than T, end 805 should have T's which sre lower than T,. Such & ssm-
fgé ple should, of courrse, be subject to some constancy in the factors

“

whkich affect rellability, such as instsllation, maintensnce, etc.®

WP TR Lencral gulde for Technlcul Reporti g of Electronic Systems
eliedllily Measvrezents.” RETHA Systems Reliscility f.clysis
Task Group, 72

N e ¥

R 2L LALLM R I P AT LY

R N O




Note that the complexity n snd the opersting time t need fr_';_q_t_ be the same
. in order to compare the mcdule mean time-to-fsilures for two different
equipments, '

(R) In anslyzing force ccats including support costs, 1t is bee
13eved that the techniques of cost sllocation developed by the Rand
Corporstion are approprilate. A suitable reference desling with this
problon. is: '

David Noviek, "Weapon Systew Cost Metkodology,"
Rand R-287, 1 Pebrusry 1956, .

~Cyy® TOTAL COST PER .
MISSION - . S

/.
\e

TOTAL COST -~ DOLLARS -

s OPEHATIONAL COST

°® PER MISSION

%° gguépaéew T R <
VELCPIAEN .
£OST PER MISSION OPTIMUM

T T T T T T Y Y

o 50 % 100 %
A * RELIABILITY OF EQUIPMENT

FIGURE F1, MiSSION COST VS RELIABILITY
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1.0 SCOPE

The mission aasigned to Task Group Two by CASD is as fol~ ,
lows: *Develop basic requirements. for teats to be accomplished
on development modelg which will prove thatthe designis capable
of meeting the minimum acceptabillty figure for reliability edtab- ?
linhed for the equipment type. These tests ghall be designed to
be performed eitherin addition to, or in conjunction with, what-
ever performance evaluations are apectfied far the equipment.

In establiching the scope of the Group's intereats, it is use.
ful tu relate the mingion as stated above %o the various phases of
an equipment program. These, as usually practiced by contract=
ors for military electronic equipment, are listed below: ’

(1)  Feasibility determination, ;

{2) Fabricalion uf une or more development models to
demonstrate compliance with epecified perform~
aace requireinents, Assuming satisfactory resv'is
to this slage, apprupriate DOD agencies determine -
vhether or not 10 proceed through the following
phas«s: ’ -

{3) Pilot production of one or more preproduciion models, .,

{4) Production in quantity for military use,

{5 Release to the using services. , -

The elforts of Task Group Two are concerned with phase (2)
above and with the method of arrivirg at the subsequent decision
as to m.ether ur not to proteed to phage (3) from the standpoint
of reliahility. It also Js considered by the Task Group that In
formation deve'oped In phage (1) above, and pertinent to the as-
sensment of reliability, is within the scope of the Group's inter-
es.. -

The missior as stated ubove emphasizes the need for a reli-
ablility “fiure”, However, in arriving st the technical require- . :
wments for a reliahility test, the Group discussed many other re-
lated preas and came to the conclusion that the following object-
ives are also jegiiimately within the scope of the Group:

(1) Recommend:lions jor reliability evaluation means other
hen reliability tests. :

{2) Racommendations to improve the validity of reitability
evaiuatton,

(3) Recoruncndations for means of reliabilily inprovement
cornecta=d with reliability tests.

iﬁ‘.

3
)

9]
*
1<

While not siricily within the srupe of this Tark Crucy's mis~
2105, 2everal conanents are presented in Secticn £.0 with regard
to preeent procurvment praciices,
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20 RELIABILITY EVALUATION _ :

The miysion asslgned to the Task Gioup is essentially a re-
quest to develop evaluation means to give agsurance that unreli-
abla equipraent viill not be released for pilot, or perhaps, rro-

. ducuon runs, Several methods have been suggested for evaluation
of equipment reliability, among which &re:

(1) Equipment fallure rate tests.

(2)  Rellability prediction based on review of paper design.

(3) ggviret w of the contractor's component test tv fallure
ort,

These methcds will be discussed briefly prior {o precenting
the Task Group's recommendations, . ) .

2.1 Equipment Failure Rate Test

This test is based on observing (he failures occurring on one
or more sample equipments during extended iife test, These life
tests inay be run under environmental conditions: intended to ap-
preximate those encouniered in service use, -

1t ‘e generally ascumed by thuse working with this type of test - B
. that the fcilure rate for present electronic, equipment follows some : .
guch curve as shown below: . -

fnfant ) .-
Wortality
: Reglon .-
. ) Wenrout
Fallure ' . Reglon ) .
Rate . . ; ' ) R
1 . . ) .
! Chance Failure Reglon | . - :
S ' ; .
i . H
- Time ; :
Figure 1
- M Ar 2e0umad *hat the 1ife testr are conducted durinyg the “

“chance faliura” period tn which the average failure rate is gen-
erally cc astant, with "time belween falluree” {Sllowing an
exyonential distribution. Unaer thia zeqympntion the fallure rate
18 calcutated as the number of {atlures per unit time for a sirgle
equtpmoent; the b -erse of the [atlure rate, or racap Ume between
fallures, 19 2lso used to express a fijure of merit {for the equip-
ment, Further distourse on the mathematics of this type test

and accomrpanylng agsu=ptons will not be attempted hs-re ginre
this rubjoct bas been adeguately covered in the Hesulare by many
workers (see £ibHography)., .

s
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o Retaining the above aseutption with regard to failure distri.
ﬂ{:; bution, the itmits within which the fativre rate of the tota! equip-
¥ ) ment population can be stated to lte for # giveua cunfijence level
“r. depends upun the number of {allures experienced. For example,
T it kas been calculaléd tiat if 19 fallures are experienced, one
Bl may state with a confidence of 53’5 tint the true failure rate lies
.} within +40% of the calculated fallure rate; if 58 fallures are ex-
i perlenced, these limits may be reduced to 20%. These faflures

may presumably be accumulated from lengthy teste on one or &
few equipments ox by shorter tesig on many equipments. Aa a
practical matter, it ia falrly generally re~ognizea that tests on
larger quantitics are more reprecentative, However, since both
time and quantities or development models available for tests

g ! have been llmited, it follows that we cannot usually place high

* : confidence In the resuits of such tests.

. ———— T~

8.2 Reliabtlity Prediction Based on Review of Paper Design

e oae m e w

Workers in the field of electronic equipment design have re-
cognized the need for detailed analysis of clrcuit performance to
obtain a prediction of equipment reliability. It is expected there=
fore that any new preliminary design foy etectronic equipment
will be acrompanied by a reliakility prediction, The thorcughness

: of this prediction will indicate the extent of ¢ e engineering effort
7Y toward reliability placed on the equipment esign, A detalled dis-
5 ;,Q cussion of a suggested technique will be found in Appendix A. .
®
'}3 Thia technique 18 based upon having complele information on
oy . failure rates of atf component parts, and assumes that 2 complete
%y - understanding exdsts on how to weight these falure rates for the

X l

particulas application of each part,” - While {nformation is heginning
to be amassed on "catastrophic' fajilure rates of some parts, there

A% does not exdst al present any organized system lo enrourage gather

y ing of this information or to fnsure its distribution to thooe neeallng it,

5% Knowledge of propr ~ methods of weighting these failure rates for
3 ‘severity of use ig also somewbat meager. kven more meager is

"‘» knowliedge of methods which can assign fatlure rates due to deterfor«
\ ation {not calastrophic fatlure) of paits and thetr interactions, and

) the fatlure of assemblles to operate because of this deterioration. -

. J This type rehability srediction will improve as {allure rate

W tuformation and experience is amassed, however, it presently (8

aj rot at the slage where decision tu release to production could be

o bused on it alone.

:‘ by 2.3 ~omponert Test to Failure Method

L)

The twu reitnlity evaluadon metheds discussed above result
in cstimates of fotlure rates {or the equipment desizn, The tesi-
tngallure mothod citllned below wiil not actually yield failure rales;
rather, Li 17 a design method for assuring adequate safety margins,
which should resalt in wwm: life and low fallure rate,

=g

2SI

More specifically, the proponents ¢f this method state tha
every corpunent prrt, even I standardized and svppogediy very
reiiable, must be suapeet untib [t ean be proved able to withstand

g the cogmupmant & -rvice eavbonans with the deopree of rellability re-
PO quires, ‘1o thig end, quuntives of cach compazent part must be
'f' tedted under e reasingle severe conditlong until fatlure ocours,
P By varing the feat (o Lang, the vasious ertiied mndes of fatl-
: ure wil} necome kaowh, "as wiil the uliimate strength of the part
3 .
oo .
& .
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in these various modes, Where adequate aafety margina do not
exist between stresses and ultimate streugths, the part must be
redesigned or a new part found with sulficient strenzth. By such
methods, all parts are assured of having adequate safety margins, .
and low {allure rates should then result,

The principal detercent to the wide use of this method lee in
the cost and time involved in testing io fatlure all the various parts
of an equipment in all the varlous critical modea, A further factor
is that extreme stresses may actually cauge a change in the mode
of failure and lead to erroneous conclusions; thus good engineering
judgement 18 required in using this method,

In evaluating models at the eid of 2 development, the tesi to .
fetlure method can be useful as cpolied to supplementary tests .
which may be run on suspect parts, It can also be useful in the
eense that a review of the test-to-failure effort may be valuable
in assessing the contractors cverall reliabllity elfort, and may aid *
in establishing betler confidence that a rel!.. " desipn exists,

2.4' Recommended Evaluation Meth ¢

The Task Group recomn.2nlis that the faijure raté teat be ac-
cepted as the basic relfability evaluation method for development
models, Based on a review of published {ailure data, the Group is
willing to accent the exponential failure distribution for the purpese
of calculatirng risks and developing formulae ior acceptance ro~
jection  Whether or not this fatlure distribution 18 exactly correct
is belic- ed to be secondary to the Gesirability of establishing life
test reculrements on new equipment at the earliest possible date, -
The basic theory and accompanying methodology should rapidly
develop once tae life test requirement 18 {irmly and widely estab-
lshed, and data begins to be accumulated. o

The Task Group belteves, however, that the failure rate test'
cannot stand alone as a reliability evaluation method for develop-
ment models since: .

(1)  The time and number of models avallable are limited,
thus placing kroad conifidence limits on results,

{2} The development models are not necessarily representa~
tive, as future production will undoubtedly be from dif-
ferent lots of parts ond will be made with different pro-
cess controls,

(3)  The fallure pattern of the development models 18 not
necessarily representative even if all Iots are consid-
ered identlcal, since only 2 stmall number of the multi-
tude of the possible component varistions within the tol-
erance lims will occur in a few equipments. These
variations will lead to new fatlure patterns due to toler-
ance build-ups, different applied stresses, ete.

Therefore, the faflure rate tests must be supplemented by a
thoroupi review of the paper deatps, pariicularly with regard {o
tnvest.-gatton of operating condiilons of all parts as compar«d to
ratings, fullure rates assipred to ait parts, status of part quadifl-
cation tasts, and the tolerance structure of e design (that s,
wiit the gesipn accomodale expected part varlalions in servive and
stili operale gatisfactorily),

m
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Failures oceurring during performance evaluation tests should
also be reviewed.

As a result of the de;slgn review, or of fallure durlng. ted,
gome parfs may be suspect. These parts should be given special
Il‘fe teﬁ or tests-to-fatlure Lo insure that adequate safety mar-
gins exisi.

The aecislon to release for pitot | .duction shouid be mada
only after thorouth review of all information gained as a result of
the overall evaluation, -

3.0 FAILURE DIAGNOSIS

An important by-product ~f fsilure rate testing should be the
discovery e residual causes of unreliability and the resulting
corrective action to reduce or eliminate these causes. Experi-
ence has shown that the key to corrective action is highly skilled
analysis of each failure.

The need for fallure analysis has been hamvered by the fact
that, trad!tionally, test apecifications have assumed that the - .
buyer's interest was limited to obtaining falure free devices that . .
would pass ali specified tests with a Zailure rate of zero, It has
usually been sta‘ad or impiied that if fallures occurred, tne de- -
vices cessed being of interest to the buyer and responsibility for - -
analysis and removal of the cause of failure was the [rivate cone
cern of the contractor. The interest of the buyer would be re-
:tlzlmed aiter 2n improved device had been submiitted and hid passed

tests: .

This trad...onal treatment of fallures occurring during test 1s
unacceptable lor mililary electronic equipment. The probability
18 bizh that some fallures will occur during iife testing. The buyer
is vitally Intosested in the d!agnosis ol test-produced fallures and
tho procedure to be followed must be an {nherent part of the pro-
curement sprcification. The followlng items are proposed as man-
datory specification requirements, : - -

(1} Competent engineering fativre diagnosis is mandatory
for ail test failures. ,

(2) To the extent passible, each test fallure must be assigned
: | cause guch 23 test wstrumentatlon defect, test opera-
tor error, part fatlure, part deterioration, circuit fallure
aue lo iesigner's fatlure to aliow for.normal part varia-
bicne, ete.

{3) Where {allure occurs In the equipment vnder test, the
periaert damagicg streszes must be carefully measured
ar2 recorded, A8 zn wxample, if a copacitor falls, the
porsitla damaging elro»it stress (vollage, or sometimes
cstizmt) must he maasured and recorded. Furtheiwmore, .
the presibie damacirg external siresses (temperature,
husudity, eic. ) must af30 b8 measured and recorded.

(9 Wwhere practicable, dicassembly and analysis must be
porinroed on failed or deteriorated party, Such dicas-
gemiy and analycis w3t be periormed under the cog-
tucs o of & retregentative of the hayer who la not rege
noni.uie for the destyn or production of the part fsee sece
tir 1 4.0). A cexpetent dirgmosis roust b2 made In terme
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of specific design foatures and specific workmanshin. pre.
duction engineering and inaperiion pruocegures. Where ap-
plicable, tue failure diagnosis shall include an alvsis of
contributing causes such ag inadequate circuit design T
(which will nit, for example, tolerate normal part varia.

tiona plus axnecied part deterlorations).

— {8) A fully descriptive report or report sectton must be
‘written for each test faflure. The report must assign
the cause and responstbility and cover the dlagnests
as outlined above. Where appropriate, recommenda- -
tiona for corrective action should also Le {acluded.

It should be mentioned that often the dezigner's knowledge i
virtually indispersable to adequate diagnesta. Thus the contractor
8Louid be encauraged to matntain 2 nucleus of his applicatle de-
&iga group tntact for the duration of the rellability tests, and to
lnsue that Ulg group is avallable for fatlure dtagnosis activity.,.
It 18 important tnat the fajlure diagnosis personncl be reasonably
{ree trom undue pressure by the buyer and/or o‘her groups {n the
contractor's crgantzation that may tend to restrict the investica-
tions and produce Inadequate diagnosis or even concealment
true problema. Since most of this pressure results from fforts
to meet schedule and price commitiments by the contractor, it
may be that some relief must be extcnied by the buyer in this re.
gard in order to gain the desired resuits, . i

40 " SUPERVISION BY INDEPENDENT EVALUATION GROUP

Experience has six.wn that thoge respomsible for the design

of & product should not be given responc!bility for fis evaluation,

%i8 principle is generally accepted with regard to the actua? dew
aizners; however, .n the experience of numerous members of the
Task Group, this principle could have been profitably extended
to the responsible porernment group a3 well, Thus, a gorernment
group responsible Tor design of a product feven though the actual
design was performed by a commercial firm) shou.d not be the
fﬂmary evaluation group, Some cther government group, on at
east an equal organizational level with the government destgn
group, should have ihis responsibility, ’

It {8 posatble, and in the Group's opinion Permissible, that
the enlire testing and evaluation program be carried out by qualt. -
fied commerctal or govemment Labcratories provided that the In-
dependence cited above is maintained. In any event, no conitractogr
snould supervise the evaivation ol ks own rroduct for the govern= .
ment even theurh hly deslgn and evaiuation zroups are presumably
geparate and Independent; this reotriction does not prerlude the
contracior belng required to provide facilities and services 28 ot~
lined below.

#hlle the Tash Croup believes that the principle of independent
evaluadon should apply to zU phases of deveicpment mode! wiiluge
tion, the remarka w Soh fellow appiy principaiiy to those phases
directly concerned . or closely related to the Group's prime
task, rellability evalu. ‘en,

It i2 recommended that independent evzlvation of reliablity
teats be accomplinhed by roquiring that these testa be Ysupertisad

22
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by the evaluation group. Supervision shau inciude put not neces-
sariir be restricted o the items Lisied below:

{1) Review of contractor’s relability effort, including the -

rellability prediction,
{2}  Approval of the proposed detalied test plan for reliabil-
fty tests. ]
{3} Approv of the test factlilies to be ::8ed {or the test pro-
. gram.

{4 Review of dala preparation and test piogreas.
{3} Surveillance of failure dlagncsis activities,
: {6}  Approval of test Jogs and failiure diagnosis reports.

{7 Approval of suppletaentary test programs, such as
. special tests-to-faliurs on certain components, con-.
ducted a8 a result of the reitability evaluation,

. (8  Approval of contractor prenared report covering relia- -
buiity tests. o ’
(%)  Preparation o any nacessary independent report, in- .

cluding recommerndaticns,

1t shculd be emphasized that the parpose of the supervision out-
lined ateve 13 In no way intended to usnrp any of the contractor's
usuzl resposibilitles with ragird to such test programs. On the
oL trary, ihe contractor would be pormally expectad to supply the | |
perscnel to actually perforax 2l reziaired tests and to furnish nee- :
essary dna. Ia particular, he show'd furenish fallure diagnosis,
gerv'ces, since the designier's knowladg? {8 often indispensible to
pe-forz:ng adequate failure diagnos:s. .

5.0 RECOMMENDED FAILURE RATE TEITS
5.1 Witter Agreements )

Thre eZ{crt to be expended by the contractor in meeting x:elia-
biilty seguirements should oe speciliad in the contract, Misimum
contract recuirements siouid Include: : . -

(2) Specificallous for a meaa time to falldre,

(b} Telarance linits on the performance apecifications which T
ran be used to dei:ne g f2'iure dusing the fatlure rate test

{c) Requirement for a {ailore rate test to determine complt-
arce with the mean time o fasture specification,

rull w.siten agreement shoeld be reached beiween the con-
tractor o. 3 “uyer with reard to 01 552-+ 15 of the rellability tosts
prior o sexr. o0 the fatlure rate Late r sectione of (hig re-

pOTt OO L rErLnuRestions {nr 1 ‘s ve meiuded fn the per-
formare
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5.2 Charactertistics to be Measured

These characteristics should be covered in some document
such as the equipment specification or test procedure, 1Itis re-

- commended, however, that the number of items to be measured

be kept to a minimum in order to reduce the instrumentation and
marpower problems associated with the tests,

5.3 Number of Models

At least two models should be atlotted for fatlure rate tests-
in order to reduce total test time and in order to have 2 more rep-
resentative sample, * This number shculd be considered a.: absolute
minimum except in special c2ses, such as extremely complex
equipment; every effort should be made to increase the number of -
models agsociated for these tests in order to gain better assurance
that the design s capable of mecting requirements, More than two
models witl reluce the probable test tirae proportionately, except
that the group recommends that all models be run at least threz

" times the contract mean-time-to-failure, (refer to section 5.6 and

Tablel). . :
54 Environments

The Group has considered many possible environments, and
combinations of environments, Several {actors, however, argue
{or minimizing the variety of imposed environments, particularly
at this time. ‘I'hesc factors are:

{1)  Eavirormental equipment is severely limited at many
contraciors' facilities. Lo

(2)  1In the initial stages of rel:ability evaluation prugram, s
simple test procedure will expedite acceptance of the
prograis. .

- (3)  Fairly simsple. standard. environmental conditions would
. ald in developing standards of comparison for equipmants
and in arassing uniformo part life data,

The {ollowing guides are therefore suggested for imposed
environments:

(1)  On-off cycling at a rate approximating service use.

{2) Usage cycling such as tuning radio equipment to various
{re:quencies, scanning with radars, etc.

{3} O ration at nominal, maximum, ‘and minintum line volt.
ages (measurements at other than nom!inal line voltage
shouild be kept tc 2 winimum in order to reduce test com-
plexty).

{4 Temperature cychiny from normal room ambient to spec~
ilied maximum, :

irable.  In most cases this en<

m
K5

1tld vibration where anp!
vironment shound Lo Coniligg T that which can be pro-
ducee Ly some simple mezne such a3 placing the equip-
meat on resiliens mounta 2rd "dodvang” it by means of 4
rotating off-cealer weight (to mintize environmental
equ.pruent comyplexity).
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The abuve environments can be oblainod with 2 minimum of
expensive equipment. The tempersture cycling, for example, can
be obtained by enclocting the equipment in an tnsulsted tox and con= -
trolling the external coollng uir. It {8 recommended that {full con-
gideration e glven lo establishing the various cycles'on a dally .
basis euch that all or at least a majority of the necessary adjust-
ments and measurements can be made duriag a normal eight hour
wurking day. . :

. As the reliability t2sts Lecome firmly egtablished and more
. experiezce is gatnea, it 165 expecied that the environmental require.
ments will be adjusted accondingly.

5.5 Definition of Fallure

Fcor the purpoce of failure rate test, a fzilure sh~uld be defined
u8 operation outside assigned tolerances. Thus each characteris-
tic to be measured should be assigned a tolerance in the serform-
ance specification such that a fallure 18 counted if thia tolerance
i3 exceeded. Thase "{.'lure" tolerances must be wisely assigned,
with due allowance for deterioration of parts with age and in general
should be wider than niormal factory tolerances. Conversely, fact- .
ory tolerances shouid be so set as to allow for known aging oi' paris

. on a statistical Lasis so that there is high probabijlity of meeting
2he "allure” tolerances during the life of these failure rate tests.

Allowable adjustments and preventive maintenance must be
carefuliy specified.  In general the Task Group recommends that -~
no preventive maintenance be allowed except in svecial cages such
ag complex computers or rctating machinery wiere regular
checks are normally conducted. ‘I'hese special cases should be
covered in the test procedures.

Detatls of scoring fallures duiing tests must be precisely
staied, Suggested rules arc coveced in Appendix B.

5.¢ Acceptance Criteria

Table 1 1s provided in order to arrive at accept or refect de-~
eisions f{or equipinent under failure rate tests. Note that the table
ty presenfed in termae nf my’r'nley of the contract mean-time-
between-fatlure; t.e,, the sctual total accumvlated test time on
sl equipments under test 15 divided by the -ontract mean-time-
between-iailue {inverae of the fallure rate, prior {o entering in
table, After entering the table, the total number of fallures exper-
tenced, found in the appropriate column, will determine whether
to rescet, accept, or continue tesilng., Kote also that it i3 stipu~
lated that no Joelsion can be made untl soed bquipment lest kas.
accumnlated at Jeast three times the contract mean-time-between .
faidure, Thia provision is made in order to give gome agsurance
that equipnient with unduly short life will be rejected.

Y
(]

}
»
.

Tabie | koaz boen caleulated on the assumption that time be-
tween faluees of the equipoent will be esnoarentially alatrionzed,
For the putpose of s lent, 1t1s alay arsumed thal the fallure
role of the egututnd o tader test s aepresestalive of the design,

’ Thie latter pant, e the risks discussed oelow, should be clearly
uieirssted by tuoe s pectizang onatract v, Jues for falure rates.

% ]

10 st be underatood that avy ramplie: plai has certaln risks
assoated W I omugt atso be poted that the plan cecommended
heve iz a seaploes plan, The alternative o obtain true faslure rale
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for the sample), would require that the equipment be rm on life test
indefinitely to pccumulate the sunporting data.  The risks involved -
may be described by an operating characteristic curve such as that
shown in Figure 2, waich is applicable fo the Table I plan.

Thus, equipnment which has a normalized faliure rate of 1.0
(t. e., exactly equal to the contract follure rate) would have a 20%
chance of acceptance (and 10% chance of belag rejected. Equip-
ment which has a normalized rate of 2.0 (twice the contract value)
would have only a 10° chance of being accepted. Other tables may
of course be devised for v=.rious other ricks and failure 1ates. For
exanple, *1¢ 10% prubability of acceptance point may be moved
from 2.0 to 1.5 ur ~ven 1.2. However, such action 18 th» equiva-~
lert of gtating that much more confidence is desired in the results
and a longer test would reswvit.

The plan presenied in Table I has be>n chosen as representa-
tive of the shortest teut belteved o7 ‘he Group o ve sraciicable,
since further attempts to abbreviate the test weuid result in undue
risks to boih buver and contractor. 1f sufficient time and/or
modeis pre gvallable, & test plan should be used which further re-
duces the riak to both parties, In order to make such decisiona,

a set of test plans and accompanying ogerating characteristic
curves should be prepared and made avaflable ts those responsible ',
for establishing fatlure rate tests. :

5.7 Data Handling .

Tte conzequences of a rellability test are of suck major im-
portance to bolu buyer and contractor that rules ag procedures
governing conduct of the tests and interpretation cf test results
musi be established prior to beginming the tests. #igid adherence
to th.s principle and to the ruies cnce estabiished wili minimize
disagreements as to Interpretation of data and true test outcome.

The systemof rules and procedures and daia keeping should .
have %2 ‘oliowing objectives: L

{13 Pravide 2 continuus record of porformance of test spect-
. raen and teet facilities.

{2} Document all test deviations.

{3;  Insure keeping of adv Juate data.

{4)  M:nimize errors. ’

{5}  FProvide for arrivirg at accept-reject 2ecisicn in mini-
mem time with prinicium areas of dissgree=ent. This
means clear rules for interpreting data 2o 2coring
fatlures, .

‘8)  insure adequate failure 4:arnosis and its docamentation.

%1 FProvide for recommendatinns for correstive a.tion,

{8; Teat documents and izgs, when compieted. shuuld be
able {0 be combined togetner into 4 fina! rezsit which,
when approved by evaiva..rg agency, wiil £:ily document
the tesis

9" FRequire 2pprovals necess2ry o asgure profer coantrel by
‘tte roup supervisirg ti.e tests (see Seclicm 4. 0),
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TABLE 1

Accept-Reject Criteria Fer Failure Rate Testing )
' % . 1 2 : 3 4
e Continue Test o~ Accept I no more
Multiples of Reject if number  number of fall. than Lumber of

Contract mean  of fullures below  ures fall in range f{allures below cc-
tinte-betwecn. oceur onorbefore  below at time 4n cur by time in

fatlure time in Column 1 Columa 1 - Column §
. 3.00 8 . 2-7 -
‘ 3,32 8 2.7
: 3.5 . ’ * 3.8 . 2
: 4.0t - 9 ... 3-8 : .
4.27 . - 4.9 3
4.70 10 4-9 :
4.06 . 5-10 . 4 .
5.39 11 5-10 . :
5.65 6-13 5
6.08 12 6-11
634 . 7-12 . | I
.6.11 13 . 7-52 T )
7.02 8-13 T ) .
7.46° 14 8-13 )
172 9-14 | I
8.15 15 . 9-14 ' - .
6.41 15 10.14 8- -
92.10 15 1-14 - | [
9.79 15 12-14 - .1
10.30 15 - 14
! NOTF 1: Column' 1 is entered by dividung the totaf operating time accum- :

ulaled by il equipinents under tesy by tke contract mean-time-
hetween faslure,

NOTE 2: Failures (.oted in Columns 2. 3 and 4 are tota' failures experf.
enced by all ¢ -ipmenis under test, .

NOTE 3. Earh equipment muyss accumuiate an operating time equa;j to
thres times the contract mean-lime-Letween-fulivres prior to
making an accept or reject decision. :
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Appendix B describes 3 svatem which, in the opinion of the
_Task Group, satisfies the above requirements. This system in-
cludes elements that have heen found useiul in'a particuiar te-*
vprogram of sumilar nature, These requiremems may seem unduly
restrictive; however, relaxation of such requirements will inevit-
ably lead {5 iess previwes methods, less accurate records-and analysis,
and legs assurance o thc buyer that the produce is adequate.

A particular system will not be recommended here since ot-

- viously the intent of the system described in the objective above

and in Appendix B cou.d te met by different combinations or group-
ings of the total required !nformation.

6.0’ PROCUREMENT PRACTICES . . ’ L.

While not within the scope of this Task Group mission, present
procurement practices which aim to provide accelerated delivery of

* electronic equipment tend to minimize the time allowed for adequate

reliability evaiuaticn. This is considered » problem of the military
gorvices development and procurement practicss charged to Task Growp
Six and {s of primary importance in the process of achieving improved
reliability of military eiectronic equipment. Task Group Two is es-
pecially alarmed at the trend away from the orderly development pro-
ceases in the present practice of telescoping development with prota-
tyve or production procurément ut the expense of a sound reliability
test program during the v.:al development engineering phase. ‘
Additionally, it sppaurs tuat present spare parts procurement pro- :
cedures tend to négate imprevement in reliability which might be
sobtained during the development of the equipment. This is brought
about by the fact that adequately testad comporents and circuit element.,
shauld be assembled in the tested and delivered military electronic
equipment. - However, the procurement practices do rnat necessarily
spectfy that the parts provided as spares for this equipment should be
procured under the same rigid bpecification and reliabiluty testing
program as performed on the original components. Thus, unreliability -
and non-predictuble reliability can very well be built into a reitable

* equipment by the inclusion of questionable or x_aon-rehable 8pace parts.

70  CONCLUSIONS o
(5 Requirements for reilabilicy evaluation by mears f fatlure

rate ‘esis of development models have been presented. These
tezis are intepded to give ussurance that the design 1s capable of
meeting a required failura rate (cr mean-time-between-failure),

7.2 Since the number of samples and tima avatlable for fallure
rate tesitng 18 usazlly ceverely lmited, the fuilure rate estabe
Hehod by e tests wiil heve broad confidence limits, Therefore,
before deciding whether or not'tc relense for pilat production, the
test program must be suppiemented by: .

(1) A thorough review of the contractor's relizbility effort,
particulariy s paper design and part qualification and
selection eliort,

{2} Suppiemernia (8513 on parts found suspect 25 a result
of the tests or the reliabitity review,

“
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7.3

.4

7.5

s

T e .

e

Observation of the principle that no design or manufae
group should evaluate its own product is vital to reliability,
Therefore, indenendent evaluation groups should supervise rella-
biftty test programs. . .

Aa important br-prmduet ot reliability testing should be the
discovery of residual causes of unrellabilily. Cowmpetent engine
eering failure analysis should be mandatory for all tent failures
in order to initiate adequile correciive action,

“The Department of Defense must review and revise as neces-
sary its regulations pertaining to research and development and
the procurement of equipment and spare parts.. In some cases,
conflicting regulations exist which tend to negate good procedures
and practices outlined in other regulations. Whil? this task is ex-
plicitly assigned to Task Group Six, it is also emphasized here,
since it {3 feit that improvement of the development article caznot
be assured without some changes in procuremert practices aimed
specifically at installing the controls recammended herein. Fur-
thermore, improvement of the produce is {utile unless spare parts
procurement practices, and similar regulations will allow high
quality to be maintained during the service tife of the equipment; -
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APPRNDIX A

PREDICTION OF EQUIPMENT RELIABLLITY
BASED ON REVIEW OF PAPER DESIGN

The design ot comﬁ:!ax slactamie equipment has been congerned
mostly with the achievement of performance requirements s the time of
initigl testing, Reliability esiimzatas, if made al all, have be

en computed
-by the simple formula ectating tha overiil reliability to the product of its
compeaent parts reliavtiity, (Prodact nils) .

Such & fortrula, {8 the witimate in simplification because it does

. not considor the effect of the rtresses arniled to the parts as 4 consequence -

. interaciions

of the assemblags of them oo the eqeipment, It aiso neglects the many

i grisv from tho eocxrinatiag of varisus components and the
many cooditions f cperation poculiar to the particulas equpment, Ar evale
uation of overall equipment rellalility must considor the efiect of environe
ment and opersiing condidony vpos Paus life and must determine the actual
dependence of the aqiipment {silure to gurts fallure in & detatled analysis
o he equipment components, . . . I

" An analysts alﬂ:innntuuhubeeaéoﬁxpandhz:trut amalysts
in mechanical ergineering but it involves many more variables than simple

stresses and siraing, It @y becoma axiremeiy complex i carried to its
ultimate conclusion, : . .

: Many atterapts st relinbility assiysis at varions levels of approxt.-
mation have been made by the majce electronic enthpanies, and seversl -
papers have becn published on the subjeet. It 1 expocted, thorefors, that .
any new prellminary desiyn {or elecironic equipment stomitted. for approval
to the Armed Forces will be accompaniad by & reliabiitty snalysis to pre-
dict at least what onder of magninde t0 expect for the reltability of the come
plated er;n)pment. In future years the exient of this ansiysis sl certainly

indicate the extent of the engineering offort placed on the design and prelime
inary development of the equipnient, ’

As indicated hy the widely different azproaches to'the problem pub-

Usghed in the literature, 1 would be tareasozakie to establish a detalled set

of rules on how to perform a reliability snalys:s. They would become ob-
solete almrest before publication snd they could not eover &l the reTﬁre<
ments of tae great variety of electronic equipments now in uge, In this sece
ton only 2 ew general ideas will be aven o (ndicale the broud scope wn
analysie of fallures should involve, asd the few essential assumptions and

gu?t:nd rules will be mentioned that must be considered to obtuin yalid re.
aults,

Parts {allure has been divided by other workers ir this field into two
general clavses, In the first are faliures produced by random catastraphic
chenges tn the parl, forming thy equpment, changes that are not partcularly
aifecied by stresses appiiad by (he equzoeont but sre 52 duead by inherant

R

.



wr e Rk

* are produced by the combination of deterioration of the part and the failure

_ multi-variate analysiam may determine only the dominant causes of fail.

* overall performance must alse be known, ‘This knowledge 18 now extremely

malfunctioning of the part ites, The sccond class includes fallures that

of the subassembly or component to operate becaviee of the deteriorated
characteristic of the part. .

One could explain these two categories as being produced -- the first
by the state of the art of the parts manufacturing indvstry, and the second -
by the engineering level of the designing agency.

The {1r3t is practically independent of the way the parts are asseme
bled 13 the equipment, and therefnre it is ¢casy to pppraise its effect on the
overall {allure rate of the equipment by taking the product rule, However, - -
since quality control should be coatinuousty improving the: ty level of
parts production, this category of defecis should decrease to s lowvalue al> . .
though it muat still be considered in the overall evaluation, .

The second clasa, or deteriorationfailures, {s the most difficult to
appraise but appears to be the dominant ore even in ralatively obsolets equip- .
raents; this is shown by ARINC field investigations, It determines whether -
the design of the equipment has taken into consideratios the time yaristion of
parts characicrislics with large enough margin to reduce the nrobabil’ ; of
faflure of the equipnent within the required ltmits,

. A fzilure analysis for deterioration ef!ecu may congist of 8 detailed
study of each component circuit and its component purts through the use 0

ure. In any case, {t should deterinine how gre... a marginof performance = .
the component ctrcuit possesses for the expecfed variation of the charseters = -
intice of each component part during lfe or at least for thepe charicieristics . -

that are dominz. 1 the mechan(sa of deterioration. (Failure due to poor .
quallly lu components assembly cannot be detected by paper design analysts)

This approach implies that the part fails cidy when the componant of
which it {5 2 member |8 falling, and therefore puts a new and variable meane
irg to «he concept *parts fatlure”. In other words, the dependence betweea
g:_\_ljis failure and component fallure is not invariant hut is a functionof .

ea{Zn. . In this case the prodict rale does not apply unless corrections are
introduced. For example, if the product rule s used for an amplifier u:fn .
which fails to deliver the rejuired oulput when the.tube has reach.d 50%
its original mutual conductence value, this point will be considered the limit-
ing value to assign fatlure rate for the tube in that component. If another
compounent with that same tube type falls when the mutual conductance Kas
reached only 80% of its original value, that tube type should be assigned &
much higher fa'luse rate when the second compunent is considered,

Fatlure analysis requires knowledge of performance of all parts un-
der the various conditions of operation and periods of time, The Interaction
that characteristica of the various parts may have upon each other and cn the

meager. Some of the few availabie data are found in the references, but
many more are being a.cunuiated by various activities in the many recently
organized Rellabil’t; Departments of equipment manufacturers, ’

We can say that at the present time we are at the stage of making
the very first rov;h approximation on these methcds but every future eval-
uation based upon this first experience will be a more accurate approximae
tica, By collecting and using 2l data obtatned In successive approxismg-
tions, “reilebllity analysis will become a valuable engineering tool in the
very near fnture. ;

PSRN

i At o bl et . . i e




S In order to obtain & valtd computation of relishility for an equipment,
itis ﬁn:ggrgant to observs several general rules. The most important ones
ars Uis ere, . .

Whenever the product rule is used, the parts composing the
unit must be independent and in series, that is, failure of
any part ; vroduces fatlure of the component or untt. (Unit be-
ing equal to, or smaller than, & component.)

CL i o e e e it d
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Whenever a sircple condition of independence is not apparent.
the interaction of the virious parts must be consdered and 8
fatlure probability assigned to the unil rather tban the mris.

Eitair of

Wheneer redundancy in arny form s presert, it is necessary . .
to subdivide the equipment into components in such & way that ~
the etfect of redundancy sud duplication can be fally satimated. |

Whenever apecial environmental or operating conditions are
offecting mogxe then one part in the equipment, their effects
should be aesigned to the largest unit alfected rather than the
individual parts or components, : .

If more than ene mode of operailon is possible, the compon= -
ents tnvolvod in the various modes muat be ciearly separated
and t;dre‘.ngﬁllty figure must be computed for each of the modes
considered, .- : ‘

In order to avold difficulty in computation arisirs from the
various distributicns of fallures as functions of time, it is
: better to compute the failure rate for a given period of time -
for the various components and then combine them to obtain
the failure rate of the equipment, If hours are usod as units
of time, then the fallure rate will be the probar:lity of fallure .
In an hour, For parls showing normal distribuiion of fatlures :
. . or pencrally, a failure rate increasing with tisce, the period

] - of time cimsidered should be specified. Since fur complex

. . equipments it is safe to assume an exponential diszribution of
time between falivres, that is a constant failure rate, it is
easy to'convert the fajlure rate in{o mean time between fail«
ures or into the reliability function for the equpment,
As an exwuple, a procedure for 4 design stage prodiction of
reliabllity of & new equipment could be made by. foilivwing the
12 steps listed below.

STEP 1: Define the equipment explicitly and uaisuely in terms
of its functions and boundary points. Once the egupment. is de-
fined, aud the operating condiffons as well as tse gerformance
characteristics with extrenie ailowancs varizt:iong ar2 known,
then the fallure of the equipment 18 automaticzlly defined as bee
ing the conditicns in which the equipment operaies outside the
above mentioned allowable variations,

T, Y.

STEP 2: Eoccity the componenta within the srstem;. Compona
ents must BEniGuely 186016 withcuf dupii-aties and must
be selected in such a way as to t2ke Into accoar: any reduna
daney and ivlependence of operation. A wize suad.viston into
components will make the compulation of cveral! relabllity
more st alght{orward and accurale. .
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STEP 3:; Sclect the parts which affect aystem unreliability,
Within: each component some parta bave & very small effect on
reliability and can be disregardea for a first approxiration. i
Other parts, instead, have a dominant effect on the reliability
af components, either because of thelr large number or be-
cause of their large failure rate,

STEP 4: Dctermine a fallure rate for each part or class of
parts usod in each component of the system. U pails are
grouped and not analyzea singly, then classification of parts
could be made in terms of homogenelty ¢f {uilure rate, such
as: tubes with high temperature of operation, tubes with low
temperature, t:ibhes that can deteriorate to the life test end
point, tubes that can deteriorate well below life test cnc point,
condensers with high voltage applied, resistoss with high power
rating, elc. From data obtained i} the references mentioned,
or other arsailable sources, the failnge rate as related to the
various stresses applied to the purts will be estimated. In the .
case of new parts or ipplications, it may be necessary to ob-
tain new data through special investigations,

STEP 5: Determine a preliminary figure for the faflure rate
of each conporient withIn the equlpment.™ Add the failure rate.

for all parts in eacr component of the equipment as determined
In Step 4 to ubtain the preliminary figures for component fails

ure rates, .

STEP 6: Determine the correction factors to be used to modi.
fy the preflminary {igures or the failure rate of each COmpon«'

ent, Some effects of deperdencé between paxt and componens =~ ="

can be accounted for by a single correction factos in the com-

-ponent failure rate if it has not been considered when the parts

fzalure ‘rate was computed, As was mentioned previously, fn. -
many cases when stresses are-applied lo the whole component, -
it s more pracilcal to apply a single ‘correction to the co:;fon-'
ent rather than to correet the fatlure rate of 2ach individ ’
STEP 7. Dectermine the fallure rate for each component, Once
the correction factor has been determined, the preiiminary Iég-'
ure for faflure rate of the comporent can be muitiplied by su
correction factor to obiain the coniponent failure rate, .

) Steps 3 to 7 can be considercd as the most elementary -
way of obtalning a failure'rate estimate for each component
s:nce the product-rule has been used with only partial correct-
lons vansidered. For a better approximation of the true overall
failure rate, the Interaction belween companents and operating
conditions must be fully evaluated by means of muitivariate anale

. ¥sis in which the various performance pacameters of exch come

ponent are expressed as functions of {he characteristics of the
individual parts and of time,  Since these chacacteristics deterl.
orale with time and 1f this variation with time is known it {8 pos-
sitie to determine tne time variation ¢f the performance para-

;r.o,t-::s of the components and therefore also thetr p1obability of
aliure,
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. STEPS. Determine a preliminary figure for the fallure rate of

the equipment. Add the failure rates for all'independent compone
ents within the equipment to cbtain.the preliminary {igure for tln
equipment failure rate. .

STEP 9. Determine the zorrection factors to be used lo modify
the preliminary figure for the failure rate of the equipn.ent. As
1is Step 6, the equipment may be subject to special stresses that
have not been considered in the computation of paris and compon-

ents and that may produce a change in the lanure rate that must .
be considered at this stage. .

STEP 10. Determine the fallure rate of the equipment, Multiply
the preliminary ligure for the equipment fallure rate by 2ach A

the correotion factors appli\.able to the eq\.ipment te oblain the
equipment failure rate,

STEP 11. Determine the predxcted reliability function for the
equipment. The reh.abxdty function for the.equipment u glven

"by:

s

R() = e .t (equlpment failure rate)

STEP 12: Determine xhe predlctcd mean vmmber o! hours between

equipment maljunctions. 'rne prealcte_d meaa number of hours be« -

treen malfunctions, » i8 glven by: oL

- ‘ - . 1 . ’ .
equipment fatiure rate '
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APPENDIX B
A BUGGESTED SYSTEM OF RULZS AND PROCEDURES-
FOR RELJABILITY TESTS

[
1. FoRvs L i Y
Prior tc the start of & reliability test, all data forms deemed :. -
necz2ssary for the maintenaace of accarate yecords shall be agreed
upon by the contracior and the procuring agency or the evaluation =
group deiegated to supervise and/or pesiorm the test. These forms.
B . shal! be 12id cut {n an crderly fashion with the objective of maintain-
: irg accurate, sequential recordings that will permit rapid evaluation
; - ’ of results on completion of the test. If data’ls kept-in this manner,
) $-will automsztically be in such form as to cnable the contractor to.
evaiuaie the test results for conditions requiring corrective action. -

It is not practicable to establinh standard data jorms which
would be appiicable to the wide variety of electionic equipment pre-
sently tn development or 10 be developed !9 the future. However,
the simtiar conditions attendant with 218 reliability tests do permit
. : the estabiishment of certain general forms conside red to be neces~
. " aary in order to matntain adequate test documentation and ingure -
. ) proper test conduct. . ’ . Co

e , . The following forms shall be used:
(1)  Test Data Log
(2) Operatorslog .
(3) °. Equipment FailureLog _ ", . . . .
{4) Fallure Diagnosis Report --T
A generat descripticn of each of these forms follown, I s re.
commendad that they be nronhesd or, 3 £0:5; sui*gble for zeproduc-

ticn such that original data entries will not have to be re-coples.
The exact format may be arranged to guit individual reyuirements.

2, TEST DATA LOG

The Test Data Log should be designed to permit data entry in
chronologica; order guch as (0 provide a2 contincous record of the
test specamen and tes; facility periormanca including time required
for iest specimen maintenance. 1t provides mzans to cross check
for the existesnce of any fatlure tnadveriently omitted from the Fail-
ure Log. Further, it provides means for aibitrating any contention
that observea equipment failure was in truth the {ault of the test fac-
tity rather than ine teet specimen. It aiso estxblishes the presence
=f aperating personnel on the desired routine basis throughout the
durainsn of (he test.

%
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; . The heading of the Teut Data Log should contain the dentsfica-, .
AU ticn of the teat, identification of the equipments under test, and iden-  ©

tig:;auon of the various pieces ol test vquipment used in the teat fac-

All test facility and test specimen parameters that are monitored

oa & perlodic basis shuuld be entered chrorologically in the body of

Jog. It is recomreended that the body of the log be 1uléd into lines -
and columna 80 thai all parameters meapured at any given time wili . -
occupy one line, with each parameler being entered in its respective . .
column, All columns &hould be appropriately titled (o identify the . R
parameter entered thereunder, Columna should also be provided Ior :
entering the date, tizue gnd initials of the recorder for éach entry, H
the pumber of parametiers to be monitored is cxcessive, it maybe ad- |
vicable to have two separate logs, one for recording test facility pare .
ameters and one for equipment under test, R

- . It is recommended that log entries be made on a periodic basis |
rather than continvously manitoring the facility and recording only : T
on oceaslon of irregularity. Periodic entry will provide a permane "
ent roeord of Grill terndescion. In this respect, it is-also recommend- :
ed that numerical data 09 entered rather than & Sheck-mark notation - St
indicating in-tolerance cperation. ; . :

"3,  OPERATORSLOG . ° : S

The Overator's Log should be designed to permit recording by .

the test operator of any inlormation relevant to the test, such as re=-. -
piacement of test equipment, deviations jom normal test procadure

- or conditicns, vigual evidence of test facility or test specimen abe ©
norraality that would not be covered in the Test Dala Log, reasons - - .
for test interruptions, ete, Fach eulry pertaining to a text deviation : .
should be signed by the properly authorized delegate of the evaluation . St
group a8 inlication &f azreement with the deviation. In this manner, . -
the compicied Operators Log will aerve 25 officlal agreement asto -
proper conduct of the test as well as providing an official record of -
all significant events. . .

.
row

T TR

Ths keading of the Cperators Log shou.u contain the same in-
formation as the Test Da'a Log heading. The body of the log should
be ruied with horizoatal iines auch that the operator can make neat -
lorghaisi entry. Al entries ghail be'made in chronological ordor
with date and recorders initinls affixed {0 each entry. -~

-

Consideraltlon may be given to combining the Test Data Log and
the Cperators 1oz, A combired log of this nature couid be of the
general form herein described 191 the Teat Data Log with an addi- -
tional! column on the right of the gheat provided {or entering remarks.
However, experience on a similar teiling program has indicated
that explanatory reciarxa are {requently required and tend to be
rather lengthy, requiring more space would be convenfentl

avatinhle in the combined log. For this reason, the use of two .
is recommended.
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EQUIPMENT FAILURE ws
The Equipment Fatlure Lug is » fom inter. od t contaln all of

the information nceded to reach a decision as to whether or not tho

tested equipmant passes or {aile the test.

ine heading of the Pnﬂure Log shouid conta.n identification of
the test, lx%enuucamm of the-equipment under tesl, and name ol the
data recorder,

The body of the Equlpment Failure Log stould be ruled into tbo
necessary number of columns, seven (7) columns belng required for
the simultancous tes’s of two equipments. Each addition or reduc-

- tion of equipment wil! require the addition or deletion respectively,

of one column. The columns llwnld be head:d in accordance with

. the follow'ng Hat:

(1) Line Nnmber
(3~ Consecutivé number of tamm observed. ~ - ‘
(3) Date and time of fullure cbservation. -

4) Accumulated ope tima on & ent #1 at time-
@ failure in coliuun two.(2} was mcéu:'pm

‘ (5) Same as (4) for equipment 42,
{C) Total of columns 4 and 5.

()  Column 6 divided by contract specified MTBF (This
ggrre w!xn be “normalized {ime” as used in 'rnblo 1,
T Golumn

Under (he coiumn headlngn the l‘orm sboud be ruled with a mm:c-
ber ¢f cqually spaced horizonlal lines, -with sufficient spacing to
mit each line 10 be used . “eqrarate equipment {allure. An :y
shall be maade at the occu ‘of each apparent eyipinent fatlure,
I failure daznosis revems o the test epectmen was not at fault, .
the entry way be struck cut and in:tialed by the operator, Approprl-
ate rxplanation shalil be entered i the Operalc' i 2

FAJLURE DIAGNOSIS REPORT

A Failure Diagnosis Report shall contain all perUnent informa-
tion bearing on an apparent test specimen fallure as-necessaryto
isolate the cdiscrepancy. I the discrepancy is fnund to be in.the fest
gpecimen, additional informatien shall be incluzed explaining the
cause cf the discrepancy and, where appropriate, propoamg correct-
ive action to prevent its recurreace. t is intended that a separata
Fallure Diagnosis Report be filled out for each apparent test specio,
men fatlure except those, such a3 operator errors, that are readily
demonstrated to be not asaoctated with the equmeqt under test.

The Fallure Diagnosis Keport, whew filled out and gigned by the pro. -
perly acthorlzed delegatos of {h# contractor and' the evaiuation group,
shall constitute oiftclal agreement as 12 the assigiunent of an appar-
ent test specimen failure into it proper category, either test spect-
men {ajlure or otherwise, as the case may be..

The Failure Diagno.is Report shall coatain two major sections,
Tte first section shall pertain to tle {ailvre symptoms, diagnosis
action taken, ident!fication of the uiec-epancy and repalr of the speci-
men (pmvxdx'xg a dircrepant condition 18 fowd to exist In the test
specimen), This section of the Fatlure Diagnosis Report will be ree
quired for all upparent test specimen fat,ures and its furmat should
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be established prior to begianing the test. The secord section of the
report wiil be reguizred oniy in the case of verified test specimen {ails
ures. It shall pertain to analysis of failed components, anatysis of

. cause of failure, snd proposgls for corrective acticn. The amount of
inform ation contained in this section of the report will vary widely
depending on the complaxity of the speclnen fallure. It 18 recoms
mended taad ns formal format be established for thiz section; rather,
the sertion should be composed of separate reports covering falled
component analysis, equipment design investigations, and eorrective
action proposals, Deétails of the information 20 be contained in both
sections of the Failure Diagnosls Report are #8 follows: .

5.3  Section One .

Thig preépared form shall cociatn printed spaces at the top with
“sultzble Inctructions for inserting the following lnlormation:
(a) Fallure Diagnoais Report Number
) {b) Test Identification :
{c) Test Speiimen Idantification
(d) Date of Appirent Fallure

(e} Total Test Time on Test Specimen When Apparent Fallure
Was Detected. - .o

{f) Sequential Test Fatlure Jumbes {f the spparent failure
proves to be a test specimen failure). : :

i . Below thie headiug information shall be four separate sub-sections
. a8 icllows: . :

"5.1.1 Symptoms- . . oY

This section shail be filled out by the test oparator, .fully deg-
cribing the symptoms of the disciepancy including both normal and
abpormal performance parameters, and referencing the test se~
quéence in elient at the time the discrepancy was detected,

$.1.2 Diagnosis Action Taken

This section shall be filled out by the person performing fallure
diagnosis and shall inciude verification of the originally cbserved
aymptow.s, 2 desuription uf the test mothods used in performing fail.
ure dlaimcsls, and numerical ¢ata on all performance parameters

checked duricg dlagnosls.
L " .5.4.3 Idertiftestion of Discrepancy

This section shall be {illed out by the person performing diag-
nosis and ghall let the defactive ¥ .t ur Ilems causing the discrep-
ancy. I the aiscrepancy is found to be in the test spccimen, & dese
cription of the dlacrepant condition of each defective item shall be
included, Tics siall include both visually detectable witributes and
. piesaursd perameters, {1, e,, resistor crecked and mengures open),

! : In the cage ¢f test gpecimen fatlures, each discrepant Jtem ghall be
clausificd g3 either & primary or secendary faliure {8ee "Rules fur
Data Intcipretatton” for deflnliions of primary sed secondary fatlure),
l Each prhwary fsilure shail bo cosiined 2 eequanilal nusber and the -
puikver shall bz ine2rted n the preacribed biock at the top of the re-
port. .
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5.1.4 Pepair of pecimen
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“nic section shall De Siled oot by peracnel in the repalr active
ity. listing the 1icaus reclaced and/or the conditions repaired iz the
tag? specimen. A amsctom of the past Listory of any replacament
foris (new, burned 1z texperature ¢rcled, r1c.) together with the
idextifytng nomenciatz=e ;c2rcuit syrabol) aaa the serial number,
éate code, elc. of ide zast it replaces ahall be included, :

Bpaces should sie2 de provided at the foot of the form for signae
tu-e of contractor and eva:zaizicy group represectitives, signifying
agreement with the iazameeia and elassification of primary snd sec- )

- ondary fatlures, {t s srengly recomamended thst the evalustion

group have & techuc il F somcetent represenigtive in attendance dur-
ing zil fallure dlagnasis acnrly.  Thie 12 the best way {0 insure
igreement on dizchos.s. I s (8 nol done it may be ascessary to
provide consideradiy zxcre documentation of the activity.)

Bection Two 1

This soction eXal! de soxposad of the reports ontaose sumale~
- me2tAry investioat e 33X 20ilvsis &5 may de requizad 10 determine
ke type of correciive 222 nexded to prevest recurrence of observed
tes: epecimen failurss, Iz jeceral, a minimien of three yepo:ts wvili
be required, as follows: .

Asalvsis of Falled Coxpiner? Report

This report w2y te tarrared on any appropriate format, i.e.,
formai test repord compizy tuternal correspendence, company emo-
randum, efe., bul abows Se reasily reproductilic. r be pre-
parad by the person peize=:g the component anajysis and shall con-
taia the following brloreeairm: ‘

{1) Approprisse resicg, referacing the applicable test spects

mes {aiiure,

(% Verificatios of 22:2sre dlagnoeis findings 26 to discrepant i

conditions, .

(S} Results of t2s:3 performed on the cocspoaent, f.e. n’m;
?r“te:zpem;n ¢yciad and found to be open-only shove @0
» - . -
% m!?ud ssection, it such is possidle, and microscopic
{5) - Batement ks to rossitle cauaative factors, relating the
© normal efuxzent cperating conditions cither significant . .
. or nsignilicgss, - .

{6) Rezclis of axy 12a73 performed on additional new compon.
oS (o dalermas a2 gascepibliity of the component to the
tpe of {oite der Lvesligation,

{7} Conclus:ons £rrwe 28 10 *he oversll quality of the compon
ent and 18 Su ety {ur use in 18 intended application,

5.2.2 Dssi Analysis Repopt

718 report mav e prewsoed oo any muitable, reprodecible format.
It ahal! be reguired .z iz ormst hat faljed 2onpopent analysis cannot
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5 roveal the true cause of component fatlure o2 v}.-nthoequl ont falle
e ure s caused by design deficiency. It shall incl: ‘e at leasi ths follnw-
3 ing Information, wherever appileable:
5 (1)  Appropriste heading,referencing the applicable test epeet~
} : men fajlure,
¥ (2 Results ofidesigr tolerance studien, if this appem tobe
i related 19 the equipment allure,
i ) Resulls of electrical and/or mechanicri nea!gn studies of
i mounting techniques, parts Jayout, materials used, cto.,
i as may be applicable to the fuiluce,
3 ~ (4) Conclusiona drawn as to the su'tability of the equipment
3 . design to perform its intanded function in view of the ob-
5 served fatlure,
5
i, §.3.8 Correcﬂve Action Proposal
e ' This propossl maay bo prepared on any sultable, re
¥ producmh
%» * . form.t. Xt mn be pr’epaxed based on &? fatture & ;g:"u

tindings,
atlad component analynis, end deslgn investizutions, and shall cone
mn propoaeis of methods te prevent the recurrense of the observed .-
S - T deflune, The proposal ehell contain heading information refevencing ..
’ the arelicabils oyuipmoent faliure and shell contain cne or more pro-~- - .

{mm of corrective actlon, reprosmdative axamples of which m L8
omt

o {0 Cmentspocmcmtahchumdwuﬂectmm-
A ersnce Umita,

" () Addizional tosts to b rddod to component spacifieation
waich will etfoctively sort out defectivas, .

{($) Specify diterent matorials to be wsed in constructis of
=N © {€§) Changy put vandor.
R {5) Alter elrcult design, .

(8) Relax equipment wpecifizatics toward mors reannuc
reuirenietits,

Each corrective ac'lon propoaal shall be sabetantiated wmn suf-

ficlent background idormation and/or dauuo adequately verify the
. effectivensss of the proposal, .
Or 2cinpletion of the reports required in soection two, they shal!
e compliad and attached to the form of section one. This shal? then -
comprisg the cowpleted Fajlure Diegnosie Report a8 required for . -
test apectmec failures., -

8. RULES FOR PRCCLDURKS

8.1 Prior to bsﬁinnlng the teat, the periodicity fer monitoring test
faetitty and tegt snecimen pars.mntem shall ba esishlished, After
the tc’1 Lra bew i progress or & roascnsble lenath of time, test
rennis shedld b2 reviawed and conetderrtion given to either aharten-
ing o lougiaening the pertod, as {est conditions ind-cate.

8.2 wr to beﬂrmrg the toet, allowalls breaks L. teeting sbould be
oz :~" iESta. Todh @il INCBGS Ser121003 B8 10 rermissaviilty of
one Azt cperation, shui down dds {o wees ende ang holidayn, ete.
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4.3 Periodie intervals for test atation calibration should be estab-
Ushe: prior to the start of the Lest, Fowever, no test specimen ’
should be pe-.alize for test equipment ext-cl<tolerances cccumc
betwween scheduled calibration periods. -

4.4 ‘The contractor is allowed to perform any necessary debugring :
and testing on the test specimen prior to the swart of the test. Opers .
ating time 80 accrued mn not be counted as test tme. * .

8.5 In initiating the test, the test specimen may be opented in tho W -
test facility for a suificlent length of tme to Insure proper opera«
tion and calibration. Operating timie so accrued shall rot be ccunted
as test ime, Any specimen fallures oceurring during uua period -
ahall aot be counted as test failures,

6.6 If the test factlity fails during the course of the test, lt i8 recoms -
merded that the teat specimen be replaced with similar equ ipment hot
unger test if such is needed for proper diagnosis of the test uc‘uty
failure. If no cther equipment {3 available, the test specimen ma{u

* uased but time 80 accrued shall not be counted as test time unl
representative supervising tne tests agrees that test Conditions are
reasonably cepresemative of normal ~equirements, However, any.:
test specimen failures that occur during this period inust be comted
_as test failures unless it can be adoquately veritied that the fallure.

' was due to abnormal conditions existing in the test factiity. :

. 8.7 Preventative malntenarice « a he test specimen shall not be do R
L- . lowed unless specilically callu. {or in tF=~ ~ontract with respectto =~ @
. this test. Adjustment of operator controls {s not considered prevent-
: ive maintenarce. Anucipauon of fanute shall not'be jusuticatwa br
preventive maintchance, ,
8.8 It is permissable for the repair activity to Operaie a npalrd

test specimen fo2 an mf length of time neceasary zo verxify the correct-ﬁ;, b
ness of diagnosis repair, .

Any operating time 5o acerued on uze test spenimen mn not bc
, counted as tist time under the representative supervising the tests”
- . agrees that test conditions are reasonably representative of normal
ragrizements, Uowever, follures. occunng dumz thu tlme mn
g ’ . be ‘cotnted as test laﬂurea.

8.9 Before replacing any paris in a test specimen, authorlution P
© zaust be obtained {from the cogrizant representative of the evaluation’ -
Rgency.
7.  RULES FOR CLASSIFYING PAILURES Lo T
A An apparent test specimen failure thas s reporied by the opera~ "

tor but cannot be verified by the fallure diagnosis activity, or that

disappears during the course of iaﬂure ciagnoals, shall be counied
as a test fallure,.

7.2 The following rules sholl gevern the utessmem of discrepant

party detected during ;allure dlagnoeis; (Parts are consldersd to be -
- such Rems as resistors, capaclmra, {ubes, etc.,.

(1)  Any part which Is outalde {ts specmcauon tolerance but
does not cause eqiipment malfunction shall not be counted -
a8 & test {ailure and shall ot be replaced.

10
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(3} 1t an equipment maltusction is found to be caused by u past -
which is within its specitication tolerance, it shali ba -
. counted a3 a test fatiure and shall be replaced. The condie
. tion must be covered by a corrective action proposal,

(3) In the event {ailure disgnosis reveals that more than one
pase in & fuiled specimen is both outside specification Uodis
and wiil independently cause unsatizfaciory equipment opere
ation, eack such part shail be eounted 2s a separate t
fatlure unless it can be adequately demonatrated that the faile
ure of one part in turm caused the tmmediate or subssgquent .
fatlure of one or more of tha cther purts, In this event, the
{nttial failure, herewfler called a primary failure umul'bo .
counted a8 a test fallure; the dependent fallures. be clase

£ifiad as secondary failures need not be ¢ as test
fallures, .

{4 1t two or more parts are found, either within specification -
| ' O o tnopomendly Saates of prodving.
. - wo single p. ently ¢ ¥ \

: eguipmant out-of~tolerance, all such parts shall be rncsnond
and only one test fatlure counted for the combinativi, De-
tails of the circumstanses shall be presented to the deaign
aetivity for ¢lose stuly and the tion must be covered
by & corrective action proposal. - . "o

(5) - .In the case of mis-diagnoais in which a part is replaced and
. equipment out-of-tolerance {n not corrected the original
part shall be replaced, I the part {8 damaged during re<
moval and cannot be replsced, it shall be counted an atest.  °
failure unleys the representat.vo supervising the tests can ’
be completely satiofled thut no sttempt {s being made to 1e-
place incipient failures, . .

8,  TEST PROCEDURE AND USE OF FORMA

et g5, 50 S APV T o BEES k1
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Prior to boginning the test, the contracior shall prepare a detatled .
test plan and the necessary official daia forma. These shall be ap-
proved by the evaluation group. The controator shall also ohtain ape
pruval from the evaluation group of the test facilities to de.used,

.- . When the approval of the above has been obtained, the test may

- . begin, Heading information is to be Ingerted on the Test Data Iog,

t Operators Log and Equipment Falure Log. The equipment under test

: ’ i3 then installed ia the test facllity. and necessary proof runs are made
to insure proper operaticn of the facility, When satiafaclory operae
ticn has been obtained, the test operator shall make the {irst entry
{n the Teat Data Log and the test shail officially begin, This entry
2nd aMl subsequent eniries in tho Test Data Log, Operators Log, and

- Equipment Fallure Log, shall be inittaled by the operator making the

entry, Entries shall be made therealter in the Test Data Log at the
preacribed intervals, Approprieie er:t:{l shall be mad3s in the Oper~ .
atorg Log at intervals of {est factiity calibration, When the {irst ap=
parent test specimen {nllure ia observed, the teat operator shall
make en entry in the Equipment Failure Log, sultable eniry in the
Test Data Log &nd inttirze secilen one of the Failure Diagnosis Re-
port. The fallure dlagmosis aclvity aksll be lmmediately notified
and shall verify the ex’stence of the discrepancy without removing
the test specimen from ths test factlity. the discrenancy is veri~
fled, the speciicen shall be removed from test without disturbing the

O T ol S R ST S e
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. remaining equipmenta under test. The failurs diagnosis activity
ghatl then proceed with fatlure diagnoats, f1llin_ out upplicable por-
tions of the Failure Diagnosis Report. The repair activity shall per-
form required rework on the specimen and fill out the applicable pors -
tion of the Failure Diagnosis Report, After appropriate signatures
have been affixed to the completed firat sestion of the Faflure Diag-
nosts Report, the repaired specimen shall be returned to test and
entries maje in the Test Data and Dperators Logs to indicate satis- -
faciory operation. Faiied parcs removed trom test specimen shall
be analyzed and the design group shall be informed of the failure.
Section two of the Failure Diagnosis Report shall be prepared by the
responsible parsonnel, If failure dizsnosis reveals that the observ-
ed discrepancy was not caused by the test specimen, the entry in the -
Equipment Failure Log shall be struck out and initizxled and-appro-
priate explanatory entry. referencing the Fallure Diagnosis Report
number, shall be made in the Operators Log. All additionai apper-
ent test failures shall be handled in a similar manner, At the ume
of each entry by the test operator in the Equipment Failure Log, he
should check the test chart to determine if 2 decision (o pass or fall
the test specimen can be made, or if the test must conmuc.

. As goon as the decia‘oa is made, . either paass or un all Test -
Logs and Failure Diagnosis Repom shall be compited into a final
Test Report. The contractor shuil include tn the Test Report a'test = -
summary, including evaluation of the test results and recommenda-. .
tions as to which corrective action proposals shculd 52 incurporaied

. into the equipment. The final Test Report shall be submitted to the _7 A
S ’ evaluation group for appro'nl . .
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" ABSTRACT

Practical rmeans for performipg quantitative evalua-
tion of the reiiza®ility of pilot preduction and produc:ion
nodels of electircnic equipment are available., These can
deter=ine conciusively whether or not the equiprent meets a
3pecified minizus acceptability requirement.

The 'testing xethods which provide. specific routines
for {a) reiriatiiity index evaluation of pilot production
equipzent, (b} reliability index evaluatiui of production
esuipaent, and {e¢} longevity evaluation of pilot precduction”
and/or production ecuipment are presented. These tast .
routines permis, respectively, (a) estatlishment of capadbile .
ity for =meeting =inimun reliabdbility requirement, based upon
the. groatest testirg economy with respect to number of - ° |
equiprment s tested and-testing time required; (b) statisticail
coneciusive procl that an acceptable percentege of quantitye
projuced ejuipcezs zest & minimum relialility requirezent, -
with raximum ecsnczy of test cots and time;. and-(¢) eon- .
clusive proof tzit equipment reliability dces not degrade
gurigg tide desired equipment 1ife below a prescribed minisus

avel, - - . .

The zrocedures are developed in such s mannér that
they -are reascradly imzune to tampering ty the contractor
or by rrejudiceZ tegting personnel.. In addition, selected .
redundancies Ir daca handling render the testing meinods

© re2scnably seif-czeciking and immune te errors in dats re-

ccrding, Sgpecific ceans for accomplishing the evalustizcns
are described, <Thsse are in the form of detailed testing
methods, clrcuzscrited by cemplete rules for adainistration -
and procedure. Zlective parameters left to the procurin
2gency are cnly those which must relate (i) conditiona o
egulirment end-use to the testing procedure, and (2; cone
dizicns of presurazent voluze and ssneculing to the testing
seguence, Factors which cannot affect evaluation conclusions
hut can aflect testing econvenience are left for election ty
the procuring agensy or the contractor.” :

Reccamenzations for a pregrasm of implementation.

-
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1. ZNTRODUCTION -

A. Statement of Mission
1. Ge;nral

AGRER Task Croup No. 3 was directed to develop baeie
requirements for a quantitative svalustion to be accomplished .
. on pilot production smd production models of elsctromic .
) - equipment which will prove conclusively that the equipment
. ; will meet the minimum acceptability figure for relisdility -
satablished for the equipment type. The directive provided . - -
that this evaluatios should be designed to be performed either -
"An additicn to or in comjunction with {but not in iiew thers-
of) whatever performsnce evaluations and cperational suitadility
_ evaluations are specified for the squipment. . Lo

e v om—

L0 One of the-first functions of tho“ru:x Group was to -

interpret this directive in terms of a definitive.statexent of
its sission. This was originally stipilated im the minutes of S
the Third Mesting .in April, 1956. 7Tnis wissicn in finsl form .

Comeed peany swme e &

follows:

It &3 the mission of the Task Croup to forsulate
" & body of rules which should govern the materiel
. . services of the military in the technicsl aspscts
of specifying reliadbility evaluation requirements
- for military electronic squipnent procurement: ; .
) - particularly, this Task Group is concersed with,
i N the evaluation.of equipment reliability in pilot-
1 . - production and production. - -

A number of more detailed erueﬂa govérning the nature -

of the rulss wera agread upon. These include importantly the
following; e e .

{(a) . They chcll . svbastted in a form suitable .- .
. for imeduto application by the procuriag -
. service, : .

(b} Their applicadbility shall bé suitable for. -
extension to all xilitary electronic systems s
and equfpxent procured in pilot production

. and production quaniities by any of the

§ services. . :

{c) The principles reflected therein shall be
sufficiently basic so that their applicability
shall extend equally among variationc in type,
applicatica, constrmetion, end production
nmethods and so that it shall insofar as pos-~
sible eacure independently of the state-of-
the-art fo eiectronic equipment, The advent
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of improved techsiques and procedures

apprapriate %0 <he deteraination of re-

1iability in pilot prounction and produetier,

squiprment may, of-course, lead to refinelent o
. or change. .

(d) While the evalustiom techniques ard procedures
are to be ex?nci.tly specified, and background
caterial ‘shall te included to permit altera~
ticn of the data evaluation method and the
acceptarce criteria recomsended, sufficient .
basis shall bte provided .to govern the selection .
of procedure and conditions by the prosuring - .
agercy %0 aptiy suit the type of equipment
{and its application) to be evaluated. '

2. Definitions and Related Philosophy -

. To provide unanimity of purpose and sound understand-’
ing within Task Group No. 3 it wus found esssntial to redefine
. certain applicable terms with respect to the task midsion, el
- ’ Most basically it was necessary to specify definitions for - ;.

. equipment relisdbility and its antithesis, equipasnt failure “
probability, which would bs suitable to &ll requirements of i .
1 the assigned mission. Tabls 1 provides a list of definitvions ce.
. adopted by this Task Group. . : .

Since equipment reiiability can be convenieatly ex- . -
- pressed as & probability of desired operation without faflure, -
prediction of the pattefn of equipment failure occurrences
during the useful life spen becowes essential %o reliabtility de-
termingtion. The obasrvation of newly producad equipment sudb- . ..
mitted o synthesized conditions of ultimate use perzmits notation -~
of the times of occyrrence of failures. Thess dais can ‘frovidc Tt
suffiniently accurate measure of the intrinsic failure/tiwe - .
pattern ‘to permit useful determinstion of reliability index. To
establish props» basic references sguipment failurs is hersia
defined as follows: - . - -

- At equipoewnt fallure, during pilot production
or production reliability evalustion, is the
cessation of the eguipment’s ability to meet -
minimuz performance speéifieation imposed by .
contract, Adjustment of operator controls is
allowed to any extent nscessary to majntaiq’
specified perforzances, &nd such adjuatment
8p3ll not in ftself constitute & failure:

If the minimum performance specification imposed by

. contract, and arplicable to the above definition of equipmens
faflure, differs gppreciably froa that sinimum rerfornance es.
sential to any particular field condition nf opsrational use,
the operational relisbility of the equipment olJierved during
fizld use may be significantly different from the reliability
predicated on pilot producticm or groduction tests., wnhile 1t
1s desi-abie that .the latter prediction yield a reliability
indsx suitable for omputation of inherent squipment relia-
bllty, sid thus useful to escentlally all varlstice of opera~ ~
ticnai use, it s imperative that the minimus porformance
specifisirion lmposed by contrsct for use in ths reliudbility
testing duscribed herein be reailstically limited to a miniaum

@ v‘.";
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TABLE 1

. DEFINITIONS

" EQUIPMENT An equipment is a fixed nuzber of items which are )
: reguirea for the perforzance of a complete, specific, cpers-
tiocnal function. : - .

SYSTEM A system is & greup of equipments, including sy
Tequired sperator Zunctions, which are integrated to perform
& related operation. - : . -

PILOT PRODUCTION Pilot preduction is the initial poste
tooling procduction, the prizury purpose of which is o prove
the ccpability ‘of the tcoling and production line. . .

EJUIPMENT FAYLUAE An eguipment failure during pilot- produc-
tion and production is the cessatica of ability to meet that

ninimunm perforrmance sresificstion essential to satisfactory )
application. Further, egquipcent failure shall inmply that . o
the minimum zcceptable perfcrmsnce specified.for the ap- >

plication is not rsubtainatle thrsugh peraissible readjust- . -

ment of operator controls. - :

U G e LA PR

e

EARLY FAZLURE PERICD The ea~ly failure period of an oqni{-on; -
Is that period ol eguipcent 1ife starting just after fimal.
assembly where equirzent failures cccur initially at a higher
than normal rats due to the presence cf defaciive parts and

. - atrormal operating procedures. Ailso called the "de-bugging®

‘ ’ - or "burn-in® period. c .

i ’ HORMAL OPERATING PERICD The norzal operating period of an ' ; e
ecuirtent is that pericd o eguipment lifs during whick the® . .

squipment failure rate rexzains sssentially constant.

3 T . WEARQUT PERIOD The wearcut period of an equi t 4is that

’ : rariod of equipment 14fs, folicwing the normal opersting
pariod, during which the eguf;ceant failire 1ate increases
above the normal rate.

EQUIDMEND LONCEVITY Equipment loneevity is the length of

the normal operating psricd c¢f eguipment life. -The bLegzinning
of equipment lcongevity usually occurs when the equipment .
failure rate during the early failure period drops suf-
ficieatly low to be within and rezain within spscified limits
and usually aids when the ecuirment failure ' rate risss

gbove the specified limit ,carzirg the beginning of the . .7
.#earout period. Longevity can te specified sither in

) : ) terms of equipment h-aurs &f sperzeion or calendar

' - time of equimment life. In tihe cate of the latter, the

. number f ecu.pment operating hours to be expected fper:

unit of calendar time is an ixzpertant consideration.
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TABLE 1 (continued) - .

RELIABILYTY Reliability is the probdadility of perfZoraing
without Tallure a specified function under given conditions
fcr a specified pericd of time, .

INHEREN? RELIASILITY Inherent reliability is-the probabil-
1ty ¢f pirforzing without failur) a specified function
unig:r specified test conditions for a reguired period of

t . " “ .

SUIPMENT RELIASILITY EPEquipsent religbility is the

prcca ty of perfeoraing a srecilled function, under given
conditions, at a measured reliability index (average failure
rate in teias of its reciprocal m:an-time<between-failures)
and for a meacured eduip=ent longevity (the total period of
time during which this quality ir maintsined). :

RELIABILITY INDEX ‘Relisbility indax is that average measurs
of the equipment failure rate (usually obtained during the
normal opersiing paricd of equirzens iife) o saed in
terms of "mean-tize-tetween-fallures® (MTEP or 7). Unlsss
otherwiss statad, t:s convencion 4is that the mesn equipment
ogeratin; time betwean fTailiires is ceant by "mesn~time~
twean~sailures.® - . L. .
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neder 0P porformance characterisiics readtl assesaad

o oparating personnel such that evsimaston tocgiiquca :rz.ngz ) *

f cumbersore, The reliadility inlex lerived wust permii ealeuls~ |

i tion of inherent equipment reliatiii~y that is rsither wuch |
adgher nor much lover becauss of iiffevences in performance o

criteria than typical or average creviational relisdiltty obe

served during field use, Coxpliance with thia philesophy will

g;{:i: ::aggnang valid §§npnrluen becvesn test indicee on

uipments as vell as comparisens v
and fleld observations, . petuesn test indiess

L. The basic motive of the tasx mission is to provide
\ means generally effdctive in preveniing equipment below see
lected minimum reliability requirexests fronm reaching She
field. Accordingly, the evaiuatica methods proposed perwiy
svaluation of the failure rate (ani, conversely,. its Te- ’
: ciprocal, mean-time-betuwsen-failures} versus eyuipnent age.
; . Since the basic desira is to recogrize equipments wheose - -
. fallure rave is too high, either inisfally or prior %o the
end of a selacted and piescrided “ile duration, it is cone
venient to illustrate this type of failure rate versus life
charecteristic which must oe reccgnized through the evaluas
" tion procedure described and recomnexnded herain.

* ' Flgure 1 is idealized to enthasize that the general .
life characteristic should be zonsiiered with respect to .
<. . - 3 phases, which are {dentified as 2h2 early failure, normal
L L, operating, and wear-ont pericds, Ferhaps the most important L
: liberty taken in using & smooth curve such as that of Figure . N
1 for illustrating the failure rate 112 Sharatioristie, - - - eh
. is that the smooth failure .rate cu;ve impiies thay fallures
t S ocsur at unifeorm tima intervals of either constant vaiue or .
. ) of uniformly charging value, whereas in actuality the fails -
ures (of interest to this discussical occur randomly in time,
and it 48 the value of their average occurrcace interval
that has been used t¢ compute the faiiure rate illusirated,
- Since averaging requires group censideration of a numbder of -
X failures (rather than one or two), crs xust collect suech .
. feilurs groups over a period of tize {which may beccra v
significant with respect to.the tiz: scale used in Figure 1),
cr one must collectively use dats fr°2 a nunber of'the sanme .. |
type of equipments under like -¢onoizipds gnd exhiibiting .
like characteristics (Shough not zesiysarily exhiditing
siztltenecus failure occurrences.
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Operating time accunulated zricr to delivery dy the
manufacturer, comuined with the inhereztly lower-slope pore
tion of the initial portion of the failure rate time curve
may prevent the equipment utcer frox resognizing the existence
of the esrly fallurs phase. Equipmens cosolescence, oy
perhaps un.cepairable mejor failure z=zy crevent service use
jnto the actual wear-out period., 7Tne 2asic interest cf the
task mission with respect to fallurs rate during a yrescribed
interval of equipment operaticn {desi:ed useful life} is in
the devolupment of means for deterzmining that no recognizadble
circumstances can or will sxist to perzit significant increase
of faillure rate beiore the wlapee c¢ zre liTe pericd., Ac- :
cordingly, the life characteristie s¢ Lllustrated bty Figuere 1
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18 most suitable for illustrating the consideration which .
has been given to the evaluation precedurea recommended hers-
in. Figure 1 shows that the failure rate {A) with respect
to time decreases during the time 0 to A, remsins essen-
tially constant during A to B,  and increases beginning at
time B, These three phases or periods of time are . -
correspondingly called tha ®early failura", "normal
operating®, and "wear-out" periods.

The early failure period {0 to Alis that period
wiich (when its existence can be detected) begins at the
first point during manufacture that total equipment opera~-
tion is possible and continues for such a period of time
as permita (through maintenence and repair) the elimination
of marginal parts, initially defectlive though not ingpera-
tive, and unrecognizable as such until premature failurs.
Upon replacement of all such prematurely failing items, the
failure rate will have reached a lower value {rnint C
which will remain’ fairiy constant and which defines the
beginning of thz normal operating period, Because customary
curve smonthing techniqies, necessary to develop an avérage
fvom ra -’ .a data peints, markedly reduce the accuracy with
which a - »int of inflection <an be located, it is probable
that som: aifficulty may generally be encountered in de-
termining the abdéizsa {time) location of jpoint C. However,
once the failure rate falls below the allowable maximum
specified, a precise determination of the time location of
point C is of secondary interest, as the failure rate will
net be expected to again increase until the end of the normal
operating period of the eguipment l}ife, point D.

The normal operating period (A to B) is that period
in terms of equipment operating time in which the average
failurs rate is and remains ecsentially conutant., Herse, in
measuring reilability, the average height of the curve
{A to C or B to D) i8 essentially constant., Also, the use-
ful opsrating life, ir the sense of longevity prior to the
cld-a 2 or wear-out period can be identified as A-B if the
failu:- -rate during %he early [ailure psriod is intolerable,
or son :ring closer to.0-B and waisured from the ¢ime of -
squipmont delivery, if the higher early-fsilure rate is

-within the limit of acceptability. It should be noted that
sometimes the onset of the wear-cut period {point D} 13 a
basic function af total equipnent age {distance O-F). and
sometimes it 18 a basic fupction of the user's environment

" and maintenance techn.gre and thus not affected by an inierval

{sueh as O-A) which elapses prior Lo delivery to the user,

Re'iability evaluaticn techniques as set forth harain rely

on synthesized rather than actua: user anvironment, and -

" aquipment rerairs are perforce ‘performed by perconnel

with consideraoly different skili than expected in the

field. A:zcordingly, in such instances where the cnset of
ejuipment vearout is more a functicn of user environment
and raintenainss than of total accunulated equipment
operating time, the estimate »f the time of wearcut made
during reliability evalogation may ¢iffer scomewhat from

tha time of the wzarou:t ater observed in the f{eld.
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For purposes of reliability evaluation the cone
vention of expressing the »aliahility index of the equipe.
ment {T) in terme of tne reciprocal of failure rate (1/3)
or nean-timeebetween-failures (MTHE¢) has been adopted.
The specified acceptaunce level for failure rate shown in
Pigare 1 would therefore have been equal the raciprocal
of the specified MTBF. Convention also dictates that .
MTBF te taken as gperating hours. Longevity specified,
however, is intendad to ce calendar time ineluding,
therefore, the total Life of the equipment. Longevity
is specified as indicated in Figure 1 and may be ex~
pressed in hours or years or other time units as ap-
propriste to the application, .o

Thus equipment reliability and longevity during
gi%gt production and production-may be defined as
follows:

Tne reliability index (F) is the
conetant coefficient in the Yrrmula

P se~t/? expressing the probability
of performing a specified function,
under specifisd test ccnditions, as a . ]
function of accumulaced operating time : , 1
{t), and is measurable ani expresaible.
as hours mean-timo-between-failures . . ’ X
. (HTBF). : ’ - oL - o
Equipment longevity is the operating 11fe spaa C
during which at all times the specified equip--
ment reliability indux is egualed or exceeded.
It 15 worthy of note, with respect to the ﬁoasibilitﬁ .
or likely existence of an early failure period during whieh
the reliability index is inferior to that exhibited later,
that there may .bs some tem{tatian.to prescribe & standard
oparating peried {frequently identified as a burn-in or debug-
ging perlod) prior to reliatility evaluation. However, it
must be kept in mind that the existence of such an ouriy faile
ure perinsd 1s a function of miufacturing techniques, parts
control, inspection, and quality control, rather than equipment .
design, and is thus subjisct to change with production evolution.
. It would seem prejudicial to arbitrarily expend any part of
the useful equipiznt 1ife in praeference to improvement cf .
preduction techiniques, except as an intcrin measure 10 provide .
time for study ani preferred remedy. In any casse reasonable Lt
assurance should exist that all delivered equipmsnts meet ree
liability requirements at the time nf delivery and do not re-

quire any burn-in by the user in order to demonstrate acceptable
reliability, B :

18P
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3. Evaluntion Churacteristica

The specified tests when performed on the prescribed
production samples es:abiish with & selected confidence that &
statistically krewn mudor fraction of the entire production lot
of equipments possess a reliability index and a longevity equal
to or greater than those minimun values required by contrast, .
In addivion, and as a'result of performing the specified tests,
it will be possible to maka the following obssrvations:

(1) Whily test results from the test of pilot-
production equipment will in general only be representa-
tive of production capability for schieving reliability,
the same tests when applied %o coutrolled~process pros
dustion will yield results indicstive of the accuag_
characteristics of the producea equipment. .

(a} The data ccllected during performance of test
will be in a form suitadble to.give atroung indication of
the nature of remedy to obtain reliadility improvements,

(3) Conelusions relstive to tha mean-time-detweesn=
failure as detérmined by manufaéturer'sn evaluation will
bte as applicabls to meax-tize~batween<failure perforsance
in tactical application as rresent state-of-~the-art, de-
sirable standardization, and practical economy persit, o
when adjusted for the relative field maintenance ‘capability, . |
and it will be reasunably ecnvenient t¢ adjust the method |

i of selection of test conditicns by the procuring agency to
. effect closer correspondence with the field as rapidly as
. field experience vn tested eguipmant is acquired and .
correlation becomes possible. - : .

-

(L} From viewmint of prograr ectonomy, both with

respect to the numbter of tested eguipmencs withheld or
- delayed from delivery schedule, and with respect to dura-
tion of test beycnd desirable schedules before conclusions
c¢an be reached, the confidence level associatad with teat
conclusions may purpcsely be rediczd below an otherwise
desirable level in order to suffice with loss extensive

and protracted tests, This cartacularly applies with
‘respect to tests for longevily. Eowever, it must be borme
in mind that lowered confidensz in primary determinations
does not invalidate or prevent sevaral 1mgortanc secondary
yiclds from sbridg2d testing, ausk s3: (&) iasight to :
luganvic muintenance requirezents, {(b) adted data for cor-
relation wish field experience, and (¢} zngineering in-
formation of great benefit to future design changes, new
models, and later devslopzent.
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B. Approach to Achisvement : 7

o The Committees members undertook as their first obe
Jective the establishment of background familiariszation
in ¢he clectronic reliability problem. To this end, a
. bibliography of reports dealing with electronic reliability
. o . in its various aspects was prepared. This was augmented

) . from time to time as addit!osnal titles came to the at-
tention of the Committee. The final bibliography is included
herewith, The reports were obtained by OASD {AE) and dis-
tributed to the Com.ittee members for review,

. . K total of 15 meetings wers held by the Committes
. petween ‘17 Pebruary and 18 December 1956, the dates of the
. first and last meetings. During the course of thease meet~
ings, various aspects of the problem ware considered.and
at any meeting where an {mmediste basis for formulating
procedura was not available, members were assigned the
- task of organizing the material for the next meesting.
N - . Sevaeral visitors qualified in various phases of the prodbs --
lem attended the meetings from time to time and the -~ .
Chairman ottained consultations on Jeritain statistiedl ’ .
aspects from others, The fLhairman also made a field trip .
"to the Naval Air Development Center at Johnsyille to
o ;}3:;:: and discuss reliability tests on the AN/ARN-21,:

* It has been the expectation of the Committes by
these means to fulfill the objective of its mission by pro-:
viding specific recommendations in as readily useable form
es possible. - Particularly, it 1s intended that these be of

Ll : a sort which are suitabla for defining practical procedures
.. . ‘from the standpoint of technical considerations as well as
. : considerations of time and cost in their employment.

- % R W 339 AKE L
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e L. C. Sumnary of Rel&ltn ] ‘ ' .

The Committee fecls that it has fulfilled the esssn-
tial elements of its objective. A framework of methodology
has been formulated and is presented in Section II. of this
report. .Review and evaluation of statistical test tech-
niques have led tc the development of # uniqus ssquential
sampling method for the reliaoility testing of pilot pro-
duction and production mcdels in qrder that the evaluations
will Jot necessitate intolecable production delay and will
rermit sound decisions at adequately low risk., . The ma-
terial presented in Section II of this report describes
the complete test method and .procedure, It is in 2 form
which can be readily adapted for use in standards or
specifications. Recommended methods for data collection,
handling, and interpretation ars included as part of the
overall procedure. ’ -
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It 1s only racently that reported relietility
prograns Mave begun to look for correiation between the
- results cbtainad from tests of the naturs described In this
report end the frequency of equipment failure found in field
use, Although favorable correlation is as yet meager, this
can more than likely de attributed to tae usual leck of
diacipline during tests and to the major differenccs be~
Lveen the sonditions of tests and the conditions of flele
use, Howewver, there is beginning to eppear encouraging
. evidence which indicates that reasonably good correlation
should be obtained when testing 1s controlled to the extent .
y . . recommended in this report. There is unquestionable evi-
N : . dence that superior eauipment performance during such tests
) will always be associated with markedly improved reliability
! . in the field. The techniques for testing &s resommended
herein hava been designed to permit certain election and -
cheice by procuring agencies such that improvement in corres’
lation will be rapid, automstic, and 1a proportion to field
experience gained on previousdly tested equipment categories.’

Section II of this report is {ntended to provide the -
batic material or end-product resulting from the work of .
this Task SGroup. Section 1II-of the report offers.c gensral
discussion of tais zaterisl. Conclusions and reconmenda-
tions are included in the remairing sectiens..

II. Nethods for Reliability Testing of Pilot
. Production and Production Equipments

A et e

A. Philcsophy of Test Proca®ures and Methods

- Reliability evaluation is inteinded to augment all
normally required performance testsa., It should not bs -’
construed that the environmental requirsmants associated
with the reliability evaluation racommended herein in any

. . way supplact or obviate contract requiremsnts for .type

’ testing, while it is not necessary to establish cospliance
with type test requirements prisr tc conducting reliability
tests, there should be reasonable sssurance that the equipe:
ment is eapable of expected performance under the environ- -
montal condgitions chosen for the reliability evaluation
before it 1s begun. 7The performance of the equipment under
the -Luditions of th) reliability evaluation must be
specified: |

By reference to Figure 1 and the definitions given
in the iniroduction, 1t 1s readily seen that the two basic
characteristic meazsures of equipzent relisbility in pilot
preducticn and preduction are MTEF and longevity. It is
readily spparent, from a measurazent or test viewpoint,
that the former chavacteristic is the pore important. This
is particylarly so 2ince continuation of the equipment re-
liability aqualicy tect in time may yield all daza necessary
for the evaluation of equipment reliability longevity. Hence,
let us first eoasider the pertinest aspects of equipment
reliability guality teating.

X
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1. Relishility Evalusticn

The MTEF characteristic for the ‘equipment (and ia
fact for a particuiar lot of equipsent) is choae: as the
mewsure of equipmert reliability index. Since the relis-
bility index of an equipment in tactical operations caa de
established 1z terzs cf s single liaiting value of its NTPP,
such that equioments whose characteristic excesds this -value
are judged satisfactory, and those which fall short of‘ehu
value are judgec vasacisfactory, it is possidle to design
a corresponding tessing nt.hodoiog statistically sound
ané requiring minimux test data.- .

Accordingly, the atatistical design of the sequential
test nethodolegy recommended nerein embraces the evaluation .
of a single variatie against a single (lower) limit, Thie
stotistical evaluaticn in effect tests a basie squipment
paramete=; viz., ¥T57, This parameter in its relationship to
the lower limit is the measure of acceptability, rather t
the often used measure, lot fracticn defective. In the realm-
of testing econcuy, it ray be poted that variables tests re-
quire fewer data obssrvations than astributes tests, ' The -
required numter of otservations is further reduced by the .
enployment of a saquential test technique.. The net result -
of this test selestion. is to reduce testing time {or con~-.
verssly the nuxier o. equipments for tests] to about 30%

of that norzally reguirad by more c¢onventional techniques.

The two kinds c¢f ccoventional risks, found in all statistical
testing methods, have in no way been compromised in effect-
ing the aforementicred economy. The first risk is that of
Judging the ecuipmoest unacceptable when in reality it.mests .
the required mini=uz, and this ris« has bHeen-arbitrarily N
set at 10%.c The second risk 18 that of accepting squipment
which in reality dces not meet the minizum requirement,. an g
this risk has been a~bitrarily selected to permit. 108 . -
probability of accertance of equipment whode MTBF is 674

. of the minimyn required. The minimux MTBF requiresd by

ccntract has oeexn chosen so that 67% of its value 13
sufficient for tactical requirements. Infoimation is cone
tained in Sectica III o permit the procedures of this

saction to bs™correszed for any other values of risk.judged ,
more suitable, dut it should be noted that lessening of

. risk 1is always assaciated with increass of test cost:

. Any test to-determine the MTBF necessitates operation
of equipment tested for sufficient lergth of time to observe -
several failures. 2l.ncugh such operating requirements rmay
conisume no mcre tian a negligible portion of the equip-
mentt's neymal useful life, it 4s difficult to make s genaral
statement that such tests can ragularly be considered roae
destructive. Accoriingly,-the proposed reliability teats
have bsen dasigred to reduce to an absolute minimum the
cost and duratisn o7 the test program even if the tests
should be ccrnsidersd destructive and the tested equipments
unsuitadble for consuzer use. Lo

Deterxination of MTBF necessitates the observation of
the time of occurresnce of a nurber of failures, which can be
and are treated as a sarrle of all the Tuture failures expect-

ed to occur during ucefui equipment 1ife. Thus, since sampling’

technigues are inherestly required for determination’ of the

[
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reliability characteristic, it is both comveniant and ¢ 2~
sistent as we.l as economical from the destructive view ’
to Judge the production product by testing saaples random-

- . ) ly drawn from yroduction lots., Although the validity of

. - general conclusions lLased on data from a sample usually

t presume and rely on characteristics bdehavior explicitly
in accordence with a known type cf distribution {viz,, ex-
ponential, rardom, gaussian, etc.) the statistical method
enployed herein for production permits certain general

. conc¢lusion# which are totally independent of distributicn.

i . More specific conclusions, available when the production

: quancity and production cycle justifies a larger sampling,
do have dependence upon thne assunption that the MTdFP of
individual equirments in a production lct will be dis-
tributed {vary) in a normal manner {following s Gaussian
distribution), The 'most siynificant argusent in favor of
this conclusion is that regardlecs of the hetercgeneity
(rather than homogeneity} of minor detsils in a production
lot of otherwise identicul equipment the manufacturer, in ;
face of recuirements for minimum acceptable MTBF obtainment, . .. .
wiil do evarything within reason that he 2an to-maximize -
the MTBF, and such concentrated effort regularly leads to a - <. T

normal distribution of the result. ‘

. The sampling tests for production equipment hersin
propcsed are based on a continucus sazmpling plan for a single
attribute, the MTBF elther above or below the acceptaole
value as determined by the Bequential test technigue as °
prescribed for pilot-production equiprents. The types of
risks are the sams {as in pilot-productiocn sequential tssts)
and their numericsl #alues ars selacted to pérmit the -
magnitude of tést endeavor to be consistent with proguction
quant ity and scheduling. X © . Lo

vouory.

The relisbility index evaluation method for applica-
2ion to pilot production, siiice it involves determination .
of capability alone, exbraces only the msthod for determina~ :
tion that the MTBF exceeds the expected yalue witis adequately
lizmited riske. The test procedurs for producticn equipnment
involves a combined test wherein the tast method for pilot
production is expandsd to relate {indirgs from the production -
sample to the entire productiof ocutput. . .. . -

- . -
.

?? Zquiprant Longevity Evalustion

As previously indicated, longevity may be measured
using the identical procedures, envirorxzeantal cenditions and
petheds of test herein applied to relisdility evaluation.

The -statistical methods cf selsctlon, the guantities tested - -
and the agceptunce or rejsction of equipmant by means of a
sequent {al tsut, as above, ares similar to thoss for produce
ticn reliability evaluation excopt that the coafidence level
is lowsred to psrait the frequency of tLis protracted test

to Le consistent with production gquantities and schedules.

177

A i i it v 4 e ¢ A 1 ST S G TR Sttt

e e ———————— e ————— —




et

. *

This lat2er characteristic of lengevny tast.ag sekes

S

3 the estadlisament of lo3gevity test criteria difficnit. Por
% exaxrcie, the test period recuires to seasure tise to ultinite
;;! i wearcut of a single relatively saall and uncompler equipment -
e, {ister-cun) nay extend over several. FYears when testizg is

dcce under norpal ecvironmental condizices. Alse, and tn
Serztrast, A lsrre and CORPiAX CORITIET IAY never rasch 4
rescgnizadle weare:t period because ¢f the continual maintse
Lasce .-rcgrn assaciated with anc presently required dy its
cpsTasicn prior s cbsolescence,

B. 0% Pmozustisn Test

.. . Ferhary the most usual ress:z f3r a rejuirezent

- - dsstion is to establisx to the cusionerts
eptance of & sazpla of what might o .
n r2gularc preducticn. Triz she manufacturerts
» Tiles praductisn permits Lim %o prove ot toele
-2, manufacsuring crocesses, evaluase enae:\ skilis, azd
nerally pia d:r.: Tinal details Irvsized (n desisxm:s
s;i:atlo cdustisn process, Assordingly, v ls
en2rally astuned that a :.e~ rroduzsicn run will yield -
Tuiments only :e..eruly ir_icative oI those tO De ex~

3
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e2t2d Srow produssion, inasmucn ar Zighar level perscinal
v gecerally exzzicyed at th :‘...ﬁ. sroduation line tkan
will :a.s- pe a*s_‘..ed 10 man :..e reg.lax production .o
iine, and the trocess contrel during silst produeticn
is 'xe'" in a va'—r Slexible cyn:‘...ia: t: permit prosess
adjustnent te saxiczize ecencry and aijust for por{o'naeo
*e“'*v*"s. .-..a;.y, :na:‘v cka ges tixe place between

~e *eg-nn.r; and the end cf ;in‘ :r::-;»::io'x even though
’e,. few ejuirvents are produrted Juring this run. All ef -
rese facters :*.-.:ri:u‘e to ....e semziusien’ shat Any tests
£ofilet pro--.re‘ ejuipzents can &t lest reasure capablii-
=7 3oly, and silss neodu iced equimants car tainly. do net
Sng to the ‘sane ?u'u.a., icn as regular projuction equipe
t& processed vnder tight '*c.,u:::::: sensral. Witk .
ity as the <‘ng:.e vie.d frox pil:it production re- |
ty testing ir is coesib-c T grase vu manufacturer
& freedsn L2 Chocse any ejuinman- s ha zay desire
e rilot greduciion run for tne rellability test,
hocses espetially relzable e:'..‘.':::-tx:'s he risxs

false scnfidence in the axtez: of reliadility
=4, 1.1 handieap his ciasces for satisfsc-
o predusticon :'..:::ve:.:s. as well as tanpt
entles to ralse the i iability require-
es espacially unsellacle- equime'u ke
whey will fail Tz ms3 the 1eliabilizy -
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Possidbilitiee for sample selection for pilot models .
ave limited by the usually small nusber of equipments -
svailable, Equipnezn. s may be selected 1n any sequence
desired. Esch anould aiready have demonstrated its abile
ity to perform properly. )

. The contraccing agency shall make an election s
to the number of equipments to be assigned to relisbility -
test, It is to de zoted that the prebable length of .
tast will vary iavaresely with the number of equipments
. on test (for a fixed confidence level in the teat outeoms),
As lizits, the minizum nunter of squipaents assigned to
test shouid not ow .ess than two, and the minimuzm length -
of test even for iarge nuadars of equirment under test
should not be less <han thres tizes the contract specie
fi1ed maan-time-destwsen-failures. Tabdble 2 illustrates .
- possidle testing duration versus nunver of equipaents T
assigned to test: . :

.. Table 2 - Reifability Test Time

No. of - . . .
Equipments . Length of Test ’ -
for Test iin mulriples of MTIBF) .
Shortest Lo longést
B ‘ - . Poesi®l ©+ -Mest Likely Possible °
. 2 3 (2.29) 10.0 16.5
3 3 (1.53) 6.7 11.0.
k 3 (1.15) 500 Bn, -
by 3 (G.352) . 4.0 6.6
6 3 (0070) . 3'3 ' 505 .
7 3 (0.6%) 3 {2,9) 4.7
8 a 26.57) 3 {2,5) L.l
9 .3 (0.51) 3 (2.2} 3.7
t0 3 {0.4%) 3 (2.0) 3.3 . .

'Length of test is shéwn for acceptaole equipment. Unaccept-
able equirment wiil f&il the test in an equal or shorter
pericd o time than that snown, The vaiues shown are zulti-
pies of the specified XT3F {7). -Numbors in parentheses are
the times expected were it not for the arbitrary ‘reguirexent
that the leagth of tesys be not less than thres tizes the,
contract's specified zezn-tine-vetween~failure, The corn-
venticn ef extending tne cests to at least three tizes the
spacified MT2F 19 accrted e (A} provide additicnal data in
case of a dispute and ,f. providé information for corrective
action In case tne ejuirment is rejectad.

-
-
-
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- . (d) Bavironmentsl Specificacion and Test Csnditions

. The following section specifies astandardizeld test cone
ditions for the reliability test which will pemmit relia-
bility 2o=pariscn betwgen the many prcecuresent prograns
without sigaificant compromise to fisld correlation. The
figure of merit or reliability index (méan~time-betwsen<
failures} -cdtained for the eguipment under test will be
a useful neasure of the field reliability even though the
test conditions only approximately simuinte the combined
environrental effects which may de obtained in field use.

- Thus, while the measured MI5F may differ scmewhat frew
that prevailing during operational use, this discrepancy
will be small in contrast to that due to errors of
measuring technique, differences in application, field.
maintenance, etc., and is a amall rice to pay for the
many bénefits of standardization, especially the op- -
portunity tc compire unlike equipments under stancardiszed .
conditions. L L

W~

A series of ‘especially chosen environmental test con-
ditions {n four levels of atress severity are presented.
The four levels chosen are a jractical comprcmise =g
‘cover a wide range of actuai environmental -conditlicne.
Field correlaticn with test results as well-as a geners)
increasy in the state-of-the-art may Justify more stringent
. teats which can then be devised. The four conditions given
~ . : ars belleved adequate for use on pilot-production and proe.
N ductioft eguipzents in proving tie approximate inherent .

reliatility cf m=ost present-day mid near future electronie -

equipments. " - , CE

) The approrriate level for vse on any specific project .-

15 %0 be seiected Ly the contracting agency. The level | -
which =ost closely duplicates the extreme conditisns of

end use i{s rreferadle, The level thus gelected will then

apply to all subsequent production of the same ites 0 -

that uniforz reliabilivy comparisor is possible. In the
interest ¢f standardisation of tests and correlation of

results no deviaticns from the preserided tests should -

be considered., It i3 assumed, however, Lhat all use

parameters ¢rizical for specific equipments, such as cools

ing air fiow and extreme humidity will be specified for

test simuiztios in addition to the specifications heroin.

It 18 emphasized that these tests are intended to e . : .
appliec in adéicion to all normal type-approval and ac- cae et
ceptance tests, . . . ° .

Scope of Savironmental Tests

S g The environzental conditions chosan ars restricted
‘tu vidbratien, tenmperature, on-off cyeling, and f{nput
voltage for-reaswns of practicality and correlation of
results through simple standardization. Tasts involving
other envircnzental conditions such as altitude, humidity,
and shocx are omitted. It is felt that the standard type-
tests will reveal basie faults in thess areas acd that
ittle 15 to be gained by including thes here.

1%
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The reasoning behind the selection of each of the

. eavironmental tests 1s as follows and should bo used as

a fau!c in establishing tests for futurs equipments as-

well am estadlishing sdditional tests which may bé ap-
propriate, . . . .

!.IE rature

\ S The tempsrature is intended to approximate. the ser-
\ vice coniitvions under which the eguipment will be required -
: to operate. .

SN g e

Vibration : L.

This £s not intended to be the most severe condition
. encountered, but is felt adequate to show up workeanship
items such as loose solder joints, lqose parts such as
screws, bits of wire, etc. This test is to be performed
with tke equipnent mounted soiidly on the vibration table
without shock mounts. . .

0ff-On Cycling

?
. This test s primarily to give the equipment & . ~
. : . temperature cycle, causing the entire equipment t2
’ "SHresthe”, expand and contract, be exposed to the
surges of etarting electricsl power, pius checking
actugl operation, -, :

- ' . Inpat Yoltage

Yarving the input voltsys both above and bslow the
noml‘gt:i voln;:‘ places strain on the verious circuits
&nd, since this is & normal conditioz in service, will .
raveal muiny wesk cocnditions. . )

.

zos't Levels . . . -

The four 12vels of stress severity are L, M, H, .
and X, 3%tauding for Light, Mediwm, Bigh, and f»:xtrm, re-
spectively, Since there 1s alwvars a peesibdbility that any
prolonged stress can cauze part depreciation, it is recon-
cended thet ihie lowest adeguate level of test be used,

The adequacy of £ test can be estadi‘ahed by correlation ..
. betveen test rosults and field results, 9%he adequacy of sn
.o equipzent to meet specified test jevels will. be revealed in
) the fallure rate obiained during the test interval,

-t

The factors of length cf test, quantity cf equipments
tested, and feflure enalysis tocknigues are discussed else-

ﬁ : vhere,

R Tazt L (Light) ]
E?, Temsrature s 250 / 57°C (€5or - B6oP)
s, Vitration = None

2

on-0ff Cyeling = Three heours "en” plus long encugh
. tc sisbilize at both high and lov
terrerature by actual measurerent,
Sse telov, .
Input Voltege = ligminal-«n long as vithin equip-
remi specifiet voltage range,

-
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The Test L is intexded to be & simple beneh test rea > -
under normsl factory conditions for wse with equipmeats which
will operrte under similar mild ecnditions. A tr::cn aquip~
ment for which test L cight bs used 1» & greund based redlo-
relay set, A ast which must be used in the tropics or in &
poorly ventilated area may require thne use of more severs
tests. The application will indicate the appropriste test.

The "off* cycling time may be more or .ess than one
hour depending on the size and complexity of the equip-
ment. -The criteria is to determine by actual measuresent
that the hottest internal area cools down to approximately
room tesmperature during - .e "sof f* cycle. The rate of vool
down ecan be used as an indicator. As the 't apot tespers-
ture approaches its local aabient the cooling rate wi )
level off. At this point the "on" cycle can begin. .

The "on* cycling tine may be more or less than 3 hours
depending on the conditions and type of equipzent. For
exanple, some eouipment may have several states of *on® -
such as transmit and receive, etc. The duty cycle of the
transient operzting conditions for the “on" .period must - ~
be established ty the contracting agency. This is similer- -
ly true for all -the levels of test tc be deseribed 1n che - R
following paragrapa. : " o : .

Test M (Medium) T . o P
Tempersture = 4C% 3 5°C (959F to 113°F) .
Vibration =255 ¢cps at 8 1_/32'! MaX. A._plitldq

On-Off Cycling = Sams as Tost' L
Input Vsltage = Maxiwmuz specified permissidle
Yoltage $0 -2% .

’ This medium test M Is simildir to test L, Wit requires a .
mild vibration test and & heat ~oom Wwhich can bilslavated in
temperature and maintained at 4C° & 50C. This wila simulate *-
conditions for mobils and shipborne equipment.. Equipmmmt

with marginal cooling provision will develop serious hot .
2pots in this test to reveal inadegaate’'design. The "oa®. -
tire should be three hours plus time to stabilize the internmal -§-
average temperature to tlie erternsl ambfent. The ®uf?® time
should be adequate tc coocl the intsrior to external-ambient.

The vibration provision can be met by mounting the
equipment s5l1idly to & strong flat plate which is support-
ed by vibration mounts and to which a synchronous motor
with an asymzetric weight is attached. Adjusting the
asymretry of the waight ~an centrol the maxloum azplitude
of ribration to 1732 of an inch. The direction of vi-
bracion 18 noct critical.: The purpose of this shake test
is 0 dislodge faulty connerticns such as no-solder
Jeints, and to revea: sther workmanshi) defects in tubes
and squipment. Tosts, conducted on eguipment under
vibratisn, can derect paifuncticns not apparent when the
eguipmeni, 13 cperated under static conditions., Exsmples
of discrepancies which can be located in this manner are:
microphionics, interrittents, snd insteniiities. It may
2130 revaal tulwes walich are zenegitive to mica wear. The
duratiun of v.braticn should be at least 10 minutes out

of rvery hour of Toa® time and conitauous vibration is
pe misazible,

i3

*." 2 s ¢ M T U P ol T W i il il Tl R EAl
-~ - -

e o A e — - E -




o ——

Test H ‘Hishl .
Chamber Temperature =-54,°C to ~s:°c"( -65°F to 130°7)

Vibration . = Same as Test
y . On-0ff Cyeling v ® n "
- Input Voltage . ® Maximum Specified p-raissidle

Voitage s0-2%

This High test ¥ is intended for use with such equip-
ments as must operate within this temperature rangs, It .
requires the use of an envircnmental test chamber which can
change rapidly from ~54L°C to ¢55°C or two thambers and @&
means for rapidly moving the equipment in a water-tight’
plastic bag or dry air lock. The teat seguenca is shown
in Pigure 2. If the egquipment is hermaticzaliy sealed or is

. intended to operate when dripping wet, no precautions need
be taken during the chamber transfer, There is no intention
here to penslize the equipment with high humldity or con-
densation, This test combines severe thernsal shock with
vibration and with starting frow a very cola condition,

(The equipment is turned on in cold condition bDefore varm-

ing ‘up,)
tTest X {Extreme . e T
Temperature® ‘= -659C to +719C (-850F to 160°f)
Vibration = The same -as Test M . .
On-Cs'f Cycling = " LA AN A ’

Inpas Voltage = " LIS IR |

The Extrecie Test X is the same.as Test H, but is i%.
vended for uss with equipment which will be subjectad to
& more extrems temperature range. It is important in both
Tests H and X that the equipment be turred "on™ ag soon
a8 it 18 placed cold in the hot chamber or as soon as the
heat is turned on. The length of time required to stadilise -
the equipment at both extremesS can L measured oris S @ ..
given equipment and thereafter Autowatically timed.

c. Test Procedure .ot

This is a testing procedurs based on sequentisl
analysis to determine if, under specified teav conditions,
a given sample of equipments exhibits a mean-t'me-belween~
failures which L8 egual to or greater than a spocified
ninimum value. ’

(1) The sample of equipments for reliability test
masy be selscted in any manner at the contractor's dis-retion,

(2) The selected equipments shall be fitted with
elapsed operating time meters which will indicate the total
hourshog test time accumulated by the equipment %o which
attached. ‘

s e TR
I 3
; %%

Ee
I

{3) A log shall bs sat up for uss during the test
which hag coiumns assignad to the tollowings

e

P

S o
The eslrsi s of temverature will be goverred by the latest
ayplicable spenificnti-ns,
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2. Line number .

b, Consecutive nimber of failures obssrved °

¢. Dave and time of failure observation

¢. Accumulated cperating time on equipment #1 .
at time failure in column (b) was observed

.. Sa&e a: {d) fgr squipment # 2 °

£, . " # 3 1f. 3 units under test

g. LI TR B ) " gL " 3 v " "

h. L . B " ?5 " 5 . "

i. n % w w L] #6 6 n " L]

3. LI T T " 7% 7 " »

X. L 2 I T ] L] g » g n L »

. 1. LI I B " g 9 w ) "

3 . L ) m, *« won w ] glo ® 10 » ® "
d n. Total of coluans (d) through (m)

0. Column (n) divided by contract specified mean-time-
between-failures, Ses Table 3, Nots 1. . .

(L) The test shall begin only after both the equipe
xents to be tested and the test -inatrumentation facilities
Lave had suitable operationsl check-out. . .

{5) Under no condition is the test to be terminated
because of Jdecision to accept or reject the equipment in ace
cordance with subsequent criteria until each equipment under
test has accumulated an eperating tims equal %o or greater -
than three times the specified mesn-time~-between-failures. .
Svidencs subsequent to the [irst decision event may reveal
the necessity for and direction of. investigation to reconcile
any apparent conflicts. ' ) .

(6) At the instance of eash failure a log entfy is
to be mada on a single line with observed data for each of
, . the columns listed in paragraph 3. .

©{7) Log data from columns {b) aad (o) (paragraph
{3)) at the coupletion of each smet of ontries following an ob-
; : served failure are to ba compared with Table 3 to determine

if 2 decision is pessible as to whether the saxple has passed
or fatied the.test requirement., When.a decision is indfcated
by Table 3 the test i3 to be discontinued provided the re-

‘ quirement of paragraph 5 is met. Otherwise the test shall
centinue (with log entries as appropriate) until.the require-
cent of paragraph 5 is met, wnereupon the test is to be dis-
continueds 1.0g data accumulated during such test axtension
interval are to be used for information only and are not to
e used as a basis for altering a daciston from Table 3
pcs3ible st an earlier time,

(8) On ths occaston of a failure, the falled equip-
zent 18 to be removed ard repaired without intercuption of the
test of equipments continuing to meet tost performance re-
guirexzents, Upon decision that a failed and repeired equip-
z=ent n6s been returned to representative oparative condition
1% shall be returned to test without interruption to the
ecuisvents contiruing the test,

{9) The absence of one or more equirmente for the
furpose of failure repair shall not affect the ability to
raxe decisions from leog data and Table 3.,

135
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e - _ TABLE 3

RELTABILITY TEST CRITERIA

Time : Failures .
Normalized Reject Decilaion Accept Decision Continue Test
Test Time - .
. If beldw noted If no more than If number of:
failurs occurs number of faile failures fall in
on or befors ures below occur range below at .
‘corresponding by the time time shown, con-
time, BEquip- . - shown, Equipment tinue test.
. ment fails, passes,.
See Note 1 See Note 2 See Note 2
0.5 6 -, o - 5
1.3 7. - - 06
201 .8 -~ 0 - 7
209 9 3 - 0 - 8
3.7 10_ - 0 - 9
N 0 -1 =10
L.5. - b8 1 -3
5.2 1 ‘2 ~11
5.3 12 T2 -11,
6;0 2 3 '12
6.1 13 . . 3 -12 -
6.8 ' 3 It "13
7.6 5y 5 «1h
I3 15 5 § it :
8.6 16 . 6 -1
9.3 6 <7 -1
Q.h . 17 7 216 - .
10.1 7 8 -17
10,2 18 8 -17°
10.9 8 9 -18
11.0 19 9 -1#
11.7 9 10-19.
11.8 20 . 10-19
12.5 10 11-20
12.6 21 . 11-20
13.3 1 12.21
13.4 22 12-21
14.1- - 12 13-22
e 2 I3 125
llbo -
15.0 2) - 14-23
15.7 . 14 15-24
15.9 25 - 15-24
16.6 - 15 16-25
15.7 26 - 16-25
17.4 - 16 17-26
17.5 27 13 " 17-26
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TABLE 3 (Con't.)

- ————————
v
.
%

SSLIABILITY TEST CRITERIA .

Time Failures

. Normaiited Relect Decision  Accept Decision Continue Test
Test Time : ’ '

o
»

' : . % delow noted If no more than If number of .
- Fallure occurs . nuzber of fail- failures fall'in . .
en o before ures below occur range delow at
cerresponding by the time time shown, con-
iize, Enuipment  shown, Equipmant tinue test.
. fails. passes.
. See Note 1 3ee Note 2 See Note 2 .
18.2 - 7 - 18.27 .
18.3 <8 .- : 18-27
19.0 - 18 15.28
19.1 aEm £ 19-28
19.8 - \39) 20-29
19.9 ¢ - ) 20-29
0.6 - 20 21.30 - .°
20.7 31 - 21-20
210’0 - 21 22“31
2155 32 - 22-31
. 22,2 - 22 2232
22.3 33 - 23-32
23.0 - 23 2533 L
. 23.4 3% - - ah=33 - : ’ L
23.8 - 2i . 253, .
) . 24.0 3z - 25~ L
A 24,7 - . 25 26-35 . :
’ 25.8 36 - 26-35 .
. 25.5 - 24 27-36
25.6 37 - 27-36 °
28,5 - a7 28-37
26.4 38 - 28-32 . . ‘
27.1 - 28 25-38 .
27.2 .38 - m 29-38
- 27.9 - ag 30-39
2.0 Ry : 30-19
28.7. - 30 3i-40
25.5 - 31 32~40
30.3 - 32 33-aQ -
11 - 3 3i=40
'31.4 - }‘6 35'“3
3.8 2 25 36440
3.8 “ “d -
Nate is the acouzulated test time of all equip-
Zints red o maitiples of contract specifled
NTLE sultinlliad by contract speciflied zevan-time-
Tetw ctal eguirwent vperating acurs, I8 <his
rrod mnver of ejulpeents uncer life test the .
guet ne averape test time of each set, ¢r the ap-
P =2 of ~he life test.
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TABLE 3 (Con't.

Note 2: Under no conditions is the 1life test to be discontinued
ecause of 1 decision to fail or pass the test per columns 2 and
3 of table until each egquipment has accumulated an cperating time
at least equal to three times the contract specified rean-time=-

betieen-failures., ’ o

Note %: The circled points in the chart represent the average §
uration of teost before decision, for equipment that is juat outsid
the marginal region. The marginal region is considersd from 0.67

. to 1,0 timed tha contract spscified mcan-time-between~-failures.

Note 4: The m superscripts denote the average duration of test’
before decision for equipment whose actual mean~time-detween- '
failures i3 aprroximately midway in the marginal region (0.8)
timss contract apecitied'mqan-t1no-botwocn-tailuronf.

W od WL N LA ok T TE A TR S M N R MR O A M R WT



PRr—

.
N o

.

{10} When an- aceept dacision is aads decanse of
actumulated opersting time, &= e2iry is to ne mede o= a
separace lire in the log of faiiures, with notation is colum .
{b} lndicasing that an accept deziaion rather than a Zailure
occurrence has occasioncd the log eatry.

R e

.

R d. Data Handling

Trhe recommeaded rulez and rrocedures for. Jdata e
handling, tc be set forth in tkhis sezticn, have been ese
tablished subisev tu certain basiz rremises which govern:
the metheds for reliability tesiing covered in this re- - )
. port, To bettsr appreciate data haﬁﬂling rules and - o
. procedures the pertinent basic prexises follow: ' O N

A {1) 7he equipment.ts de tested shall dg of :

- the typs which, naving failed can be repaired and returned :
: to satisfectory opsrating conditicn without replacesent . . .
of the sutire wguipment, Thus an eguipxenl comprieing .-
¢ two unrepairatle hernetic majer uaits, tcgether with che
H zeans for nccessary interconnesticn will qualify, since
i in the typical ccee it can bs presuxad that an equipaent .
| - .failure csn be remedied by rep.acesent of one or thre © ..
v . ther {not toth} of the two sslsr uzats, The tast of

{ : munrepairatle” {(only replacesbie: ejuipment unecessitates
) come alteration of the reliadilizy cest for the -con-

: fidence stated. - .

t
13

{2)- Thé recommanded sequential test measures
the MTRF with respect to the accertable minimum of the i .
sample {of ejuipzents) selected far test with 90% con- .
fidence. 1In the absence of manuflacturing control '
pressdtres $o gusrantee lof hexogeneity, it can thele-
S S fore only deter=ine capability ¢f <re maaufacturing p-ocess
v o {rather than preduct acceptabiiisy;. Facauoe of the im-
b posalbility of sudbetantdal mrocess casrol during pilot

rroduction the test can te asfudsd to bs & measus of

raliability 2apadbility only. Wwhex srrlled to regular pro-
duction under close process conizcl rather than pilot pro-
: duetion,, 2 wsndom sampling precess can yield & measure of
| the reliadility from a productisn lot. .

{3) The recomzsnied sest does not directly
lsad to a numerical msasure of re’ia®iliny but rathe-
astablishes with GO0 confidence toatl the tested unlie--

sual or excesi the minimur spezifizl muwcerical MTEF.
3y secaondary oSalculasion, the &atz svailable from the
teste may te used to yleld a reasenzcle gstimate of the
astuel purerical MISF.

does not evaluate

{4} The recommenczed test

the warmistde or the duration of any 2arly fallure period
in the sarp.e being tasted, nor ates L% establish the
cnset of weareosut. t is presimez <7at the equipment
zanufasturer will take astive meam.res o perform any
zatugring motesaa=y rricp to tne %23t In order to galn
gasuranca of sassing the test, Sx:ula th2 tested sazple
cass the test even trourn de ° zesugring had net teen
rerformed, it rav be categorizsily srncluded that the
2;.1czent his Ligner rellatil n the mininum rejuired.
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(5) . The recommended test does not, nor is
it iatended to, sake the place of a comprehensive perform-
ance test, or a type test., Thosse perforrance parsmeters
monitored during the sejuential test are selected a3 ¢
practical sample of such critical and comprehensive per-
formance parameters such as are most likely to indi.ate
every instance of equipment failure, . -
. . (6) The recommended test and the ssscelated

data handling procedure do not have a primary responsie
bility for indicating causes and remedies for unreliabilicy.
However, the data are handled in such a way as to give the
manufaccurer maximum information with respect to remedicl
acticn in the case of failing to pass the test. -

oA

(7) Data are handled and recorded with suf-
ficient cumprehensiveness to permit at least one cross .
check of every data entry in order to identify any reeorde . .
ing errors in data entries, thus permitting an fuproved :
basis for the arbitration of resuliting data q1aputcl.-

. - (8) Since the test method outlined herein
sstablishes reliability acceptance in terms of the equip
ment failure pattern, and since the true count of {failures
is dependent upon adherence by the repair activity to
certain rules to ‘be set forth, it is essential .that all
equipnent repair during. the test he performed by the
least prejudiced and best quallified repair personnsl and -
that such work be performed under the surveillance of
the lnspector in charge or his delegate. °

s

- Recommendaticns for data handling are made ‘on the
basis of minimum dats recording esaential to the above ’
premises. Any additiocnal ‘data or'data processing adove -
and beyond that recommended herein is permissible and

need be roverned only by the desire to perform an ef--
ficient end rapid reliability test. . :

‘Data taken during the test. should be'at’ least .
that necessary to complete four kinds of cata foras. The °.
four data forms are identified aa follow:

1. icg of Failures S . -
‘2. Operation Sheet . ’

3. Failure Report .
4. Equipment Repair Sheet .

Log of Failures

The Log of Failures is a form intended to eon%ajsn
all of the information needed to reach a decision as to
whether the tested gampie passes or fails the test, It
is intended that a iveprinted form, as described below €1
well as in the trevicus scotion on test procedure),. te used

. in order that operating personnel conducting the test say

make all entries directiy and obviatz the need for re-
processing these deta peior to a puss or fail decision,
“he Log of Failuree form i{s laid out with appropriate neade
ing foilewea by cclumns and lines, one coluwn for sach kind

of data, and a separate line for each of tne feilures od-
served jrior to test conciusion,
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Tho headlng of the Log os Failures fors should
contain customary identification, including complete ref-
erence to the test and test conditions, test facilities,
tested equipment including equipment serial rumbers, date
of. beginning and end of test, name or identification of
data.recorder, and page number where more than one sheet
is neednd ror the test.. Much of this information can de
governed by referonce to applicable secondary docurenta- .
tion if assurance exists that such secondary docuzentation
has been prepared prior to initiation of the test..

’ Following che heading, the- Log of ?ailures ferm
should be ruled into the necessary number of columns,
15 columns being required- for the simultaneous tests of
ten equipments. Tha number of required colunns varies
linearly for intermediate numbers of equipments. The
columns .should contain abbreviated hcadinga in accordance
with the following list:

a, Line number

b, Consecutive number of failures cbserved )

c. Date and time of failure observation .
d. Accumulated operating time on equipment §1

' at time fallure in column (b} was observed

e. Same as {qg) for equipment #2

£f. non Ld 313 sanplcs Wi ar tect-
g, " " n " .. L AL 4 ”
h. L] ” n N ] ks m 5 'n n ”
i, " on " Jé ng . " "
3. R A L ” 7 w7 - ‘. L
- k. ] L R L g8 n g8 L L] L]
1, " = ‘w = " 2 wy . " "
., L] » n n " #30 10 » “ "

n. Total of c¢olumns {d) through (m)
o, Columr (n) divided by contract apociticd pean-tima~
between~-failures.

Under the cslumn headings the form should be ruled
#ith a number of equally spa“ed horizontal lines, with
“rufficient spacing to periwit earh line to be used for a
zeparate equiprent failure, .The data recorded are not of
rhe nature to require eny totalt at the bottom -of any
columne. Data recording shall comply with the requisa-,
m2nts set forth in the previous section "Test Procedure®.

Operation Sheet

The Operation Sneet is designed to permit data -
recording of such a nature as to form a log of the signifi-
cant activity of the test operators. It provides means
to cross check for the existence of any failure’ 1nadvertent1y
omitted from the Log of Failures. Further, 1t permits means
for arbitrating any contention that observed equipment fail-
ure wzs in truth the- fault of the test facility rather than
the tested equxp*ent. t establishes the prefenca on the
desired routine tasis of operating perscnnel throughcus
the duration cf test.

The heading of the CUperatlon Sheet shozld contuin
means for fdentificzt.on of tne test, identificaticn of
the aqipments under test, date appiicable to data {telow),

14y
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and page number, Refersncs to tecondni-y docunentation
to shorten heading antry is permissibls ois the sase-basis
as described for the log of Fallures.

Under the heading the Cperations Sheet ;hould be
. divided into columns in accordance with tha following

a. Line number. . . ¥ ’
t. %he 2nd column should be for local time
of the data entry.
¢, One or more columns, &3 deemed necessary,
* should be pmvided for repsated monitoring
of critical enviroamental pacameters Aand .
. ‘ Fuwer supply parameters. -’
. d. X group of columns should be provided for -
each equipment perforzance paramever moni-
tored on a repsated basis during the test.
. e. Fach colunn group, as described in (d) above
- ’ should contain as sany columns as.there are
’ equipmer.is assigned to simultaneous test .
(trom 2 to 10), The vidth of each column should
be sufficient to permit the untry of & rumeriesl
value for the performance paraweter monitored, B
. or a check mark if more applicadble, The nmumericel. [i
- parametsr is praféradble to the check mari be- - e
coauss of its greafer guarantee of operator at- N
.- tention, The last colirmn should d2 for the
oo . . " name or initials of thes dats recorde:r making the
. data entry, -

Beneath the column heading, The Operations Sheet
. ehould bs ruled with horizontal iines to permit oae line
to be used for each obzervation of the sample under test.
It is presumed that equipment vperasting in the sbsence of
. fatlure will be routinely checxed on come periodic basis
such as once each hour, or once each 15 minutes, ste. It
has been found that perioldizs data entry permits far scre -
accuracy than other techniques such as "continuoue scrutiny
with data entry only upon occasion of irregularitv.®
Should attention be drawn to eguipment fatlure betwaen ine
- tervals of regular data taking, the next ¢vailable line
. on the Operaticns Sheet shcu:d be used for the eniry so
- occasiored., It is intendea tiat the opera’jons sheet
provide adequate informavion from its Ariginal, as kepe
oy the operator, and no® require reprocessing prior %o
utilization.

Failure Report

The use of a failure report to sufficiently des-
cribe all pertinent circumstances attendant, to equipment.
failure is believed mandatory in order o guarantes groper
r1sclation and count of unrelated although simultareous ’

_equipment fatlures {which must be Zounted a3 separate
fzilurss in acccrdance with the rules for data handling
which follow the deseription of the required data fores).
fartherzore, the use of an adecuately complete failure re-
port will permit maximum benefi. {0 the equipuent Danu-
racturer and his design staff if remedy ir peeded because
of failure to pass the Reliability Test, The Failure
Aeport form should be preprinted for ease o data entry,
znd 8.l forms must poscess a prepriated ser. .4l ausher
for raference purppeas and accsuntability. The form should

ib2
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be deslgnod to perniz initial dats entry by the tect opers-
tor, subsequent data entry by eguipment repair personnsl,
and’'final data entry by ergineering design and staff ac-
tivicies. Accordingly, these respastive portions uf the -
Failure Report form are identified dy I, IX, III, .

»

Yo nm o gen e

I. Reportsd by the Test Operator

A. Equipment Failure Identifization

1. Date and time of fallure. °

2. Test sequence identification at time
. of failure,

3. Icdentification of failing equipa&nt

by Model and Serial Nuuber.

h. Name of observer.

5. Specifie identification of test 1»-
. strumentation and facility applicable
; . to failing equipment .
. ) 6. Total test time accumnlated by fniling

. equipment nt time of failnro.

B. Failure Symptons

-

EURUIISE )

) . Botlk variables and attributes data on
.. .. . both abnormal and normal performance
‘ ) parametérs; both immediately before

and immediately after failure. . - .

.C. "Reference to Qther Failure feports

T

o X - List other equipment fallures, 1if ani
- . . ob3erved simultaneously with the sud- -
: ject equipment failure.- (Thess daia

. . ‘are- valuable tu guard against reasons
. for fatlure external to the tested -
. . equipuent.)

“ . 11. Reported by Repair~Personnel .

‘ : , . A Gennral

1. Time and date failed equipment received
by vepair personnel. .
2, Xame or names of repair personnel.

—t -
.

B. Confirmation of ngptoms

2 1. Method of test employsd, ’
. 2., Idencification of test 1nsc*ureneation
and facility used.

3. both variable and attribuces data {as
applicable; on all performance garareters
chacked,

4., Ccrments on discrepznclies between symp-
t=mns observed by repzis perscnrel and
gympoms nbserved oy test operator.
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c. ;;ggntificatiogfpr Tailed Part or cénggn;ng'

1. Fart name, cataiog number, manufacturer, .
2nd circuit sysdol wnich must uniquely
identify the faiied part within the

. overall eosuipment,
. 2. Metho¢ of part %est used to establish
part faiiure. X

3. Identification of test instrumentation
emoloyed, . :

4. Variables data cn signiftcant performance
paraweters of failed part.

D. Mulciple Part Failure

1. Identificaticn, similar to (C), .of each
additional faiiing part which can be
groven to be a sezondary failure and

. —=Bceasianed bty part failure identified
under (C}. Tha actual or suspected
nechanism of secondary.failire should.
be brielly described. -

-———ra -—

PP

2, .ldentification, similar to {C}, of each
. additional failing part which .cannot be-
proven 'to be a secondary failure and-
occasioned br the part failure ident:fied
under {C;. The repairman i{s authorized
- and directed tc initiate an additional-
- failure ‘report for-each additicnal though -
< . . unrelated parss failure found. Reference F:
- - to thesc failure reports shcuid be includedi
. . . . on the original failure report. :

™

E. Identification of Repairs -

‘1, Identificatior and past history (new, -
"~ . . burned-in, 1ifs tested, etc.) of each ~
) . . replacement part used for repair, with
specific reference {(viz., ciresis sympol)

to the faiied part that gach replaces,

2. Definitive description of control adjust-
n2nts nerded tc recbtain satisfactory
equigment peérfortance, with justification
for adjustzents {other than cperator
controls} in terzs of failed cr reziaced

P : ’ . . parts. ’

"3. Veriablee and attributes data for equip-
meny performance foiloming repur.

o

Ly
e
Rt QA

f: 4. Accumulated cperating time for equipment
Ba during this rerair cyeie,
bk

F. Interrretation of the Reason for Faflure

: % =
LY Seyaar Perscnnés

Sailvre fusber Assignrent
v corardte Tai.ure report rust exist for
every primary {uncelated} failure, and
witnin the raciaciiity tast 5f a sample
cf equieomente each fallure must be

Tuh
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numbered consecutively. Since 1t 1is
.4 . presuxed that a single repatr astivity
! . will process all fajled equipzeats, it
- is probably cenvenieny' for ccnsecut.ve
. ’ failure number:ing %o te assigned by
the repair staff. - .

IIT. Revorted bz,Engineerin;,Desi}n and Staff
Zersonnel . .-

. . - A. Component Analysis .

Results o analysit of the failed part .

or parts including a description of the

anaiysis and specific findings as 2o the -
. contributory ciuses cf failure. The . -

electrical and physical conditions to - -

which the component was exposed must be

reiated to the faiiure as significant

or insignificant as causative agems.

.- ) . B. Design Analvsis

¥ ' Bezsults of mechanical and/or electrical. -
- ? . design analysis incluaing a descripticn - -
’ of the analysis and speeifie findings as
. to %he contributory causes of failure. v ..
.- - Any significant external conditions should
. L. - be related 20 the failure as ccusative or
. nbn-causative, . ) -

- b

3
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L. Recor~endations fcr Corrective Action

The joint, rcordinated reccmmendations
of the component and design perscnne’
must be presented to permit specifie
consideration for assignment by manrge-

. ’ . . ment of the responsibility for taking

gonrectime action,

Zquipment Repair Sheet. . . -

. . " The Equipment Repair Shest 13 desimed to permit

- veepiag the entire test history of each tested equipcent

’ or a tingle sheet, in order that widely divergent dif-

* ferences in test nehavior betwesn zjuipments may be_easily
recognized. Additio aliy, ‘the use of this fors wili be
of some assistante for the recogm®ion of subseguent
fatlures produced by an earlier and vnremcdied cause.
Furthermore, this -form assists fn meetiog tne requirement
for sufficient data collectien for croas-checking pur-
po5es.

Thae heading of the Equipment Repaif Sheet ehould
contain comrlety identification of the speriiicz equipment
to which it veters, including the basic equipment serial
nusher as well as serial numbers of mafor units. The
neading #hould also contain complete .eference to the

. test to which the equipzen. 12 bLeing subjectad. The test
pesition scgupled by the ejuipment during test snruld be
jéantifteu. hotation should be enterad concerating aay

1hy
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. signif:cant past history of the marticular equipmect
T prior to the ~cliavility test. Lastly, the date of
initiation of the test shouid be entered. ) . .
Eelow the 'ncading.' the Equipwent Hepatr Sfieet.
should oe divided irto cciumns az follows: -
A. Date and time equipment remsoved fros test for
repair. .
B. " Date and time equipment returnmed to test.
C. Elapsed cper'ati:.g-:iuﬁe:er' readlug sien
equipnent resoved from test for repair. :
D. Approsimete accumulated operating time durirg:
recair. . L.
. . . E. Identification nusber of the Zailure necessitat-
. . . ing remxmir. .

. F. Reference to ail other faflure ;:e;arn. if any,
. © fhitiated during repair, e .

. - ; Under the column headings the form should de
. ruled vith s ramber of equally speced hortzontal lines

vith sufficien: spacing to permit the use of a sirgle line
for ench insianes of repair, It 4s intendsd thet wpon
coxpletion uf tle test the seversl eguipment recair sheets
for the severa)l squipments tested may be scrutinized
simuitanecusly for a comparison of the numder of failuvres
suffered by each squipzent, a:d the total tims consused
in meking repales, In addition,- it w11l be fossible to -
provide contirucus secoountability for each tested egyip-

: ment during the test by surveillance of tne Ecuipoent

. . : - Repalr Sheet in conjunction.viththe Cperetion Stset. .-

T ’ Failyre Tacs

. " An Equipaent Fatlure Tag ta to De affikisd to &

failed equipmen: by the *e3t Méralod 1unedu:e1{ uson fagl-
.uTe detestion. The sy must cJele-ente mee and :tge nul- :
ber of tnhe pertiment earry i ‘le Operation Sheet and tle
Log of Fariures, and mist show the Failure Report form
cserial ruzber, Space sust ‘te nrovided for entry oy the
repair act.viiv cf <he puye and iine number of the appro-
priate entry in the EFquipment Repair Shest, and the
Fatlure Repor: furmis, seriazi number{s} for any aaditicral
part or zooponent faliures dotecned during repsir, This
tapg 15 te be rexmoved by the test cpstetor dgzn the ajuip-

-8t s retumn 1 test following rerair whereupon the tag
1s to bte deiiverel 13 the is5:a: autherlzed governzent
represertative.

Cther faijure zaps are 15 be permaniently affixsd
o failed parts anc components by the repalr aitivity and
these *agsy ave °C relerenze tne ser‘al number of the ap-
plisable Fa..ir2 Fedort foem,

ibo
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Use of Porus ) .

Prior t¢ beginning thoe tess, but after sele:tion
of the equipments (o be tested, heading information is to
be inserted on the Log of-Fatlures [irm. Operation Sheet,
and Equipmen* Repadp Sheets {2pe equ Daent repaiv sheed
. . for each equip@ent (o be tested). The perladicity fsor -
, : performance ‘cneziking of the equijprents Juring the tast
' must be estabiished. Beginnine with initiation of the,
tert, the Operation Sheel i{s to be coatinuocusiy maintained
. ceacurrentiv with the measurements and readings taken,
- At tre instancze of the ({irst ctservea failure the test
cperator must make an entry in tha Log of Fairlures, suite
able eniry 71 tne Operation Sheet, and initiale a Fatlure
Report, The failed equipment should ther te removed f{rom
test, without iisturbing the ~emaining eqiipments, 3%d
delivered to the repalir activity; Logalhep with she .
partially ecomplated Pailne Repors. During ana at the .
- conclurion ul. nezestary repairs {and ultimate verificevion . !
© uf adcquate performance). the repair personrel .ust make .
applicabl’ ensvr.es an the previously init:ated Fafluse -
itepore, must initiate additional Fariure Reports for ad-
diticnal independent failures founi, if any, and must
make an entry in the appropriate Equipment Repair Sheet.
Theraupon, the egquipment i3 to be réturned to the test.
Upon re-installation of the repaired equipment in the
test facility, the cest operaicr sinolid maiie an =ntry 30 et
the Operation Sheet %c indicate satis.actagpy cperaticn,
. ) The occasions of subsequent fajlures are %o be handied
- in identical manner. A% the time cf 2ach entyy by the °
test operator in the Log of Faiiures, ne should chesk the . .
tost chart to deternine {f 3°decision to pass or fail the. . .
tested sanple-can-be made, or if the test must enntinge,. | : '
. A sich time as a desision can be rez:red, and provideéd ., .
: “eaun of the equ.pments have accunulated a test operating .
time equai to ur greater than three Simes the cunirsnt L . ’
specificd mean-time~between~failures, Lhe test can te .. s 7
discontanued. If &-devision is possidble, but une or more ) .
of the tested esuipments have nct accumuiated suf{fi:icns :
operating time, cnly those equipanents requiring the addi-
tional orperating time need be.contimued on test. Sath
2qulpments as are *hen deleted {rom tests should be
réferenced to the repair activity in csrder that the ape .
pervaining Equipment Hepair Shee%s may oe ziosed 2u% with .
arpeapriate entry. ‘ .

o ————————— 0,

Subsequent to the repair of eguipment failures
the veriir activi¥y should forward the perrinent failure
reporta, torother wath the failed parts or components.
to toe ~.mponente staflf, who 'in turn will re-forward the
‘fallure reports te the design proup. (I the absence of
A conponeats siafl and/ur dusign proup the repcrts’ sheuld :
. be furwarded to the cognizant engineer}. AL the com-
q pletion «f the sest all forms snouls be reviewed by the
i loral astherized povernmont representative and then re-
leasred Lo the design group.

I Ru.es for Dace dandling

ry for governing
i which i4 L8
he re;labiilly

sving rules are aandsd
»ed d2ta and the oanae
d2.4210n teached from
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. tesr fe ea he walld,  Iraszuch @8 all rules are subject
- to interpretation, it is iatinded that the most obvious
interpretation shall azziy, and disputes shall be referred
to the local aurrovized gevernment representative for de-
cision. The following ruies are appiicadle: . .

{1} Mn equiprent failure shall be defined as in
Sectton T.A.2, Inabiiity hv the repair activity to confirm
© the extstence of euipmezt fallure observed durtng eguip-
. mert reliability test s%ill be insufficient grounds for
T celetton of such cisized failure in the count of total
failures, It is intesnded lez that confirmation of fail~
nre by the repair activity will permit better asseasment
of ecded repairs ani iandication of auy possible fanlt |
ir the Ltesting facility. Llack of failvre eonfirration
. - slcuid instigate close review of the test facility, and
. 17 zhe iatter can be shown to be both at fault and to
- cemridtely account for tne failure, to the satisfaction - .
- of the .ocal authorized government .epresentative, then
R and cnly then can the coun? of such failure be wliimineted,

ga). The actual faiiure of parts ¢p components ’
can only be established if the repair activity can unmis~
taksbly demonsirate that such items no longer mect one or '
nece spevificatiun reguirements. The existence of an -
equimmmnt failure under comziticns where no part or come
rouert 2an e demonstrated to be heyond specification iimits,
zust e eiassifigd as eitner a design or workmansnip fail-
. . ure, A3 such, 1t sha:l ze cunted in the total number of
: ‘equiyrent fallures, but Jetails of the clrcumetances shall
be deferred for close stuly to the derign or guality.con-
trel activity, as the ¢care may de, e .

.13} Dpeverminatian cy the repair activity thet
more than cne ten in a fatled sguipment . 13 both beyond
S-ectificalio.s jirite and wi,l {ndebendently prevent satvie-
fartiry equipdent perforzance fna’i cc2asion the repair
or réplacemant of eazh 2.n. [tem, [Fach such repaired or :
rep.ated parg or corponeat shail ba sounted as a separate ]

.. . . eguipment faflure ‘altroush the Reveral. wure observed .
. : sizactanesislyl urless 2t -an be demonstrajed teyona any - .

questicn or doudt Lhat the failare of cne item in turn
proauced-the fat.ure off.cng 2r mre other items, If such
. procl can be dezonstrateéd each cepundent fajlurs may bde
ciasssfied as & secerndary failure, and as 'such is not to’
be ccunted in tbe fatiure tota.s, Adequate prcof. neces-
Sary %o establisn the sesrndary aapect of certain ot the

Zultiple faiiures obsarve: simyliancous.y will be at the
discranizn of the local authirlzed government rapresenta-
tive, AL ieast ne pramarr ad -ountable) part or coms
ponant tajlore must exiit at ea:h instanze of squipmeny .
repalr whera sezondary feailures are clataed.
(&Y Nz pare, or 1tem may be replaced

!~ any ecuipeent invel 1bility test ualess cvery,
Sull. AT, Tomirment An be proven to Le outeide

210N 10N ThanT uohoparts or colponcnt3 as

’
-y
(4]

s repilacec. Each in-
fivicn2 shall be
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! no part or csombonent can be proven to be outside of spec- ¢ “ o,

ification limits, then the equipment shall de repaired o
retura it to adequate operating condition, and the spec-
ification for each item repaired or rejiaced shall de
altered such as to reflest out-sf-toierance zondition to
the satisfaction of the lc:al authorlized governuant rep-
resentative, The failure count for suth repaired or
replaced 1tems shall be in ac-orcance with rule !3) above.’

{5) Nc preventive maintenance 13 aliowable during
rnilability test nor auwring actual equipment repair unless
apecifically authorized by contract with respect to this
test, (Readjustment of operator contrelie s not considered
preventive mazptenancy}. Anticipation of faiiure shall in
no case ve Justificaiion for arny preventive maintenance,

{6) All questions and disputes arising shzll be
referred to the local authorized governmént rapresenta. .
tive for decistion, .

{7} In initiating the test, the selected equip-
ment sample shall be Irsta.les in the test fucilily ang
oparated for only that lengih of <ime necessary to es.
tablish thas the lazilisy is wocrklilg properly, and that
adequate facility adjus’ments and calivrations exi+t.

Up to this point accumalated equipment cperating time

does not count toward the test [asd similarly any equip.
ment fallures may be repaired wituncut faliure count}.
Thereafter thLe test shal: begin. 4na 8l) cperating time in
tine test facility shail be couated. If. during the course
cf the test, faciilly difficulries are encountered noceén.
sitating equipment operatioan in the facil:ty for axperi-
mental purposes, the teoted equipmert{e¢) shall be replaced
with cther like equicment!s) nst under test fcr such ex-
perimenial period. . T

(8} It shail be permissible for she repair ac-
tivity to.operate any equipzent following repaire thereto
for any desired lengr® of time {pricr to resumption cf
test) as may seem pertinent to guaranteea that the true
. cause oI equiprernt failure has beesn establishad and elin-
’ inated. This shail not bte czonstraed to grant permission
for tte repair astivity to inordinately delay returning oo
the teat such equipment or equipments as appear tc have
abnorualiy high rates of failure,

A ehmae va e

{9) Reguirements fcr action on da%a ta
e it accordance with the instructions enumera
the hLeading "Use of Forms," )

snail

Ken
ted unger
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(10) It shall te pe:miscitle for the contractor,
Frice to the test, to perfirm &ny desired sebugping
operations, prevantive mainterance, or ropairs,

(1) Ru;es and procedures !or needed repulr, re-
placem s t, and/or cuiioraticn of tre vest faciiity, L0 be
n40e GUPALF LLe LeSt, must ne znt.cijated anc estabe

= .00t to-the avoroval ©f tne procuring arenty

. e ) &, -
arneoval of wodition

7 = aclacsted =9 the
ulnvrized givernment jecresentative,

‘nrtiation of Lne teel
rh)u? newved Jiring the test ma
! e

e
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(12} Any data taken during the test which require
arbitration end/or resclution must be resolved to the o]
satisfaction of the local authorized government repre- .
AL S e AT sentative following the data occuvrrences. No data once
. resclved may be altered, although additional clarifying
data entry may later be made ia order to assist in the
consideration’ given by the local authorized government
represantative, :

{13) No official tests. may be re¢-run on the senme
or & new sample from the same pilot production Yot unless
pesitive action consisting of design change, modification,
c» rework actually related to observed failures from the
first test has been applied. The benefit of early un-
official test i8 to indicate the nsed for re-work prior .
to subaission for offjicial test. No action taken repair,.
re-vovk, etc.,} with respect to any or every equipnent in &
lot, following an official failure to paas the test, ‘can
ce considered as justification for avoidance of a sude .
secuent official test in order te establish acceptance. .

. . ) (14} Rules governing anticipatible interruption to
test shal: be established prior to initiation of test . .
insofar as possible, and once established should be followsd -
except by permission of tha locel suthorized government
reprecentative, Test validity is not abridged by test~
ing on a single shift basis nor by interruption over
weekends. Failed equivment removals should be made so as
to cinimize erfect on rewaining equipments (such as at
the apfropriace time during a cycls of temperature ex-

* t“en" . !

2, Longevity Evaluation Methods and . :

Procedures . .

Reference to Figure 1 ond the definitions and
other cons'derations presanied in Part,. I of this report
indicate that equipment longevity may be evalusted 1n
either of two ways. Equipment lengevity may be measured
to be taat total normal operating period terminating at
the onset of wearout” whére tn: actual average MTBF no
longar meets the specified MTBF; the terminating cri-
teria kere is the undesired.change in fallure rate,
Aiso, when a winimum equipment longevity is specified
the equipment may be evaluated to prove its acceptabiiity
for this specified length of useful operating life by '
operating JYor such a periovd and decerwrining that the
average MTBF does not fall shurt of that specified
durisg such operation. Here,K the terminating criteria
is the specified longevity period provided, of course,
th?t the actuval average MTSF does not previously fall
belcw that MThF specified. It is anticipated that the
latter type of test will be called for most often. In
either case the limitiug MTBF for the longevity test
and tne mevhod for assessing the resultunt MTBF must be
specified.

whereas the reifahbility-index-test orerating
. pericd on each eadiprent 1s relatively short, usually. .
M nst exceeding three to five [ajiure periocds on the
'y aver-re, tnv longevity test ccerating period (on each
WL ITent, Tegllies g0t less tasn approxizately twenly
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and upward failure perioda. During the pilot produc-,
tion contrsct period, thers may be insufficlent time
available in-whach to complete the longevity tests
without 30 providing in the contract. Howover, since

it is desirable to initlate the beginning of the longev-
ity test at the earliest possibls dats, thus providing
for earliest resultant decisions at end of test, the
lorgevity test should start during pilot production and
continue through production and be 30 specified in the
coantracts, The longevity evaluation methods and pro-
cedures established herein provide for this sxtension
or overlap since the evaluation technique is identical
for toth pilot pruduction and productfon thereby dbecoming
directly applicable to either or both -- singly or to-
gether. . ’

(a) Sample Selection

Possibilities for sample selection sre limited
by the arall number of equipmente usually available
early ip the contract period and by the destructive nature
of the tests. Equipments may be selected in any Sequence
desired, Fach should have demonstrated its ability to
perfora piroperly. When circumstances dexsrnd, it shall
oe permissible to select an equipment- (and associated
reliability data) having successfully completed the Re-
ltability Indexs Evaluation of Part 1i.B.l.. -

The contracting agency shall muke an election as ~
to tice number of equiipments to be assigned to the lengev-
ity test, .It is to Le noted thst the confidence leve
of test outcome will vary directly with the number of
equipments on test. This factor must be weighed against
tne lerngth of cperating time either specified or ex-
pected and the relative degree of equipment dest.uction
involvyed 1in the test, As a limit  the minismuwm number .
of equipments on test sheuld never be less than two.
Furthermore, except for repair or emergencies, not-less
than this number of equipments shall be under test -
{once started) at ail times during the entire Jduration
of contract, unless otherwise specified therein, fe-
cordingly, a newly selected test equipment will - replace
each longevity tested equipmant imrmediately uponm the
campletion {acceptance or rele-tion) of that tested
equipeent., 3ece, also, the Discucsion Section TII.B.
later. i

{b) Environmental Specification and Test _ -
Cenditions - L

The longevity test envirsonment and rslated cou-
ditiens shall be identical in all details to thusa |
specified by the contracting agency for the Reliability
Indax Zvajuation, see I[.B. l~g. This 1s 8 reg-irezent
in order to gain the henefits of test standz~dization
wherety feed-back data may be applied and tne opportunity
13 yrrovided to compire even unlike esuipeserts under the
same: changdaraized conditions.

{c) Test Procedure

Tnils 13 a test procrdure not unlike thac sifpulated
or Lne Reliavility Index Evaluation except-tnzt {n crder

& 5hov soaiurent lengevity cepability {zenerally wills

sl
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few test equipments) it is not practical to uss the se-
nuent 1al analysis {and Table 2) as specifically descrided
. in Section IX.B. l-¢. The longevity test procedure aust
. g ad41t fonally provide information on the early wearout

' type of failures, not crdinarily fourd in the Reliability
Irdex Evaluation, thus providing needed operational repair
and maintenance logistic {and oossibly sodifization) in-
{formation, Furthermore, the pocedure is the same ragard-

K less of which test termination criteria is specified.

Specificaliy the test procedure is based on & time between
failure averaging technique which describes the exteat of
MI3I' change. Under the specified test cohditions the
technique vrovides a determination of approximdte equipment
MTBF at the time of each failure., Should the 2quipment
MTBF so determined be founa less than that srecified for the:
test, during the longevity test terminated by a specified
longovity interval, the equipment is rejected as failing
Lo pass test, If the determined MTBF was equal to or
gre2ater than that originally specified for the test
throughout the specified lcngevity interval, then the-
equipment would be accepted., Similarly, whcn the test
termination criteria is onset of wearout, this longevity
inverval ls measured to be that period terminated when the .- -.
time batween failures averazing technique first describes -
the MTEF to be just less than that spacified for test.

). The sample of equipmeuts for longevity test
may ba seiected in any manner at the contractor's dis-

cration.

2., The selected equipnents ahall be fitted with
elapsed operating time meters which will indicate the total
hourshof test time accumulated by the equipment to wnach
attached. .

3. "Logs shall be sat up for ues during the tess,
‘ore for each equipment and assigned by equipment serial :
number, which have columns assigned to the following:

{a) Test positica number.

(b) Consecutive number of failures ob- -
: served. ) <

{¢) Date and tizme I failure observation,

{d) Accumulatoed operating time at time
of corresponding fatlure in ¢oluan

{8) Column (d), less twelve times the limiting
test MTEF.

(£} Number of failuras occurrtng‘wtthin the
time intei'val between columns (d) and
{e}, by inspection. .

.
ke value of limiting test MTBP shall be taken as 0.5
times that contract specified MTB?.
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(g) Accumulatad operacisg time at failure
number column (b} minus twelve (i.s,,
accumulated hours indicated in column
(d) for the twelfth previous failure).

(h) Time interval for last 12 failures =
column (d) - column (g).

{1) Test MIBP = cnlumn (h)/12.

{J) Remarks -- This column should hava ample .

’ space to describe the technical details
invclved by vairtue of the failure;.i.s.,
type, value and raving of failed com-
ponent{s); location(s} in circuit;
rrobabla cause!{s) of failure; repair
action taken, etc, More details as
necessary may by kept in ar additional
£ailure detail log {Log of Pailures)
assigred to this specifie equipment.
Cros: reference shall be ths consscutive -
fajlure nuaber, ‘ )

4, Criteria for equipment failure, during longevity '
test, shall be established by contractual agreszsnt yrior
to test in.accordance with the Definition Section 1.A.2.

5. The test shall begin only aftar »cth the equip-
ments to be tcsied and the te2t inssrumentation facilities
have had suitable operational chack-gut, R : :

6, Should equipments having satisfactorily cor- .
pieted the Reliability Index Evaluation. be selected f£»ar this |
longevity test, all previous operating and failure hiatory
must be transferred to the logs of paragraph 3 above and be
found complete and acceptable therein. . :

7. At the instarnce of each faflure a log.entry °
is to be made on & single linec with obrerved data for each’
of the rolumns in paragraph 3 above, ©

. 8. On the occarion of a fatlure, the failed equip-
ment.is to be removed and repaired withcut interruntior of
the test of other equinments on test which are 'continuing :
to meet test performance requirements,

9, Ujon the decision that a falled ond retaired
eguipment has been returned teo representetive opervative
condition Lt shall be returned to test without interrups
tion to the equipwents rcontinuing the test,’

10, The aosence ol one o mere ejuipments for .the
surpose of fariure repalr shall nct affect the abllity to
make decisions from 4he log data previcuily cbtained.

11 The early indt:a%er for .ontiuing %8t will
be the value of the number {nat2ated in <olumn () of %he
log in 3 akove. Values 17 nor less indiraze the spesified
test NTEF iimit has ue~u @met or exireded ani test shoulld
cantinue (unless the limitirg specified 12231 2rsvating
time has beer reached). Values 1% or greacer :ndicate vhat
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the specified test MTBP limit has not been mat and either

?E the equipmens failed t0 have the specified iougevity or -
o . that the onset of wearout has been reached. Simtlarly, -
) . ) ’ .colvmn (1) y{elds the resultant test MYBF, which may b

N directly compared with the limiiing tast MTBF. -

-

- 12. While the test MPTEF {column (1)) thus ob-
tained is used as the =easuring criteria for coatinuation

”@i or terzination of test, it also is a ma*hematicaliy sxcothed
e . trena indicator of reliability irdex. As such, & plot of

%ﬁ . . these values with time will yield a smouthed piot of the

R . equipment life charasteristic., (The time coordinate value

i% L . . gh?§1 be taken as the meas value of the intwival; column

(g BERL R ' ' c. :

13, The information given in columns (&) and {f)
1s useful immediately by the data taxer for status of tast
det*srmination. However, they are valid only after i2. .

Zj ’ farlures have occurred; ascordingly, in this early period

B : © thevy shall not be used. Simllarly, column (i) also §s

1 c vuild only after twelve fatlures, Novever, the approrimate .
S i . trend of MIBY may ve determined i this early period by

dividing the value of columr: {d) by that correspanding in
soiums (b). In this early rs>iod an insufficient. test MTBP
should be recognized as occurring in the 'de-dugging” perisd
an? therefere not be used as 8 longevity teat limiting .
criteria, ©

e e e v
AL By .
.
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. {d4) Data Yandling

-

-
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The recommended rules and procedures for longevity -
test data handling, as set forth herein, have been estab- |
liehed to not oniy provide longevity test criteria bus . ..

. . als> to provide relladbility failure data and related
.. information leading to a more compiete understanding of
. . . the tasie on which improved relfability is founded.

IhN O
o LN
.

P

1, The pertinent basic premises of the longevi- -
ty test data hardling rules and procedures are in aecord -7
with thoss of the ‘previously described premises for Relia~ ~
bility Index Bvaluatioh. Specifically items 1, 6, 7, and 8
gnder the heading, II.B. l1-d {Uata Handling), apply equally

ere. . -t

"
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2. The recomnended tést does not immediately
lead to a numerical measure of the [lo%) longevity but
rather establishes aither the facs tha* the tested units
themseives equai or exceed tha spe:ified longevity, or
taat they irndicate the cnset of wear-oul at a particuiar

=

LS

time interval.

ey

gt Xt

3. it is essential that 2ll equijment repair,

) during tne longevity test, be perfernad by the least

ﬁ rpro fudiced ana best qualified repair personnel and that

: suth work bde performed under. the surveillianze of the

s authorized governnment representative {the fuspector .n

3 chargs or Lie uelegate when applicadle).

ey ) L, Recommendations for data handling ars made
I B ~0 the kasie of prescribing the sininua date hacdling ay-
ri -, . 2entidl to the adlove premises, EResorelng of data cr data

trocessing acaitional to that reccxzenaed herein ls er-
riseibic 2~d neerd bo governed v tne desire tc pesrfora a
f« mors ellicieat and complete longevity test.

’ . ‘:.}.
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5. Data taken during the longevity test shall
be at Jeast that necessary to cemplete five kinds of duta
forme. The five data forms will be identified as follows:

~ (a) Longevity Log cf Failures.

o {b) Operation Sheet.: -
{e) Paiiure Report,
{d) Equipment Renain Shees.
{e} Failed component swmmary analysis.

Longevity ng,of Failures

. The Lengevity Log of Failures is a foerm containting

"all information necessary to reacn a decision as to whether -
the tested sample passes or fails the longevity test, In ’
addition to those items listed in Section II.B.-2-c - 3, 1t
snall have 8 heading coniaining customary identificatton,
including coxplete reference tc the test and test conditions,
test facilities, equipm.. type, drte of dbeginning and of
¢nd -of test, name or ide..ification of daza recorder, and
Jd . page nuzber., As beifore much .of this can be placed -im

: secongdary documentation provided such is prepared prior to-
initiaticn of test, .o

M The Longevity Log of Failures preferably shalil be a-°-
- greprinted fers. Follow.ng the heading, the form should
e ruled ints the nevessary tsn coiumns, the last column
[remarks) should be as large as ..actical, Column heaaings
. shguld te abbreviated in keeping with the content of the
; column, . :

. VUnder the column hezdings the form shall be ruied

- horizentally Witk a number of equally spaced lines. Ea.h

: ‘1ine 1liowing suffizieat space to permit recording of all

* deata pertaining t5 a eporate equipment failure, Totals are -
not rejuir:d at the botiom ¢f the page. FPage to page carry
over of lata may te made in a straight-focraasa Ranner as
from iine to iine. Data rcgording shall cozply with itha re-
Guirements set forth in the previcus section, 1I.B.2-¢ .
{Longevity Text Frocedure).

Operation Sheet

The Qperation Sheet {s desipnad %0 permit data re-

) ’ cording of such a nature as to form a log of the atgnif-
lcant activity of the test operstors, It rrovides means to
crosr check for the existence of any failure inadvertently
vmitted from the Longevity Log of Failures., Further, it

T opermits pesns Jor srbitrating any contenticn that olserved
equipmens f .ilure was in rruth the fault of the test fa-
ci'dty rather than the tested equirmment. It establishes
the presence on the desired routine tacis of operating
persornel thrcughout the duraticn of test.

[
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.The heading of the Cperation Shaet should contaia \
means for identification 3£ the test, identification of . *
. the ecuipments under test, date applicable to data (below), .
. o , and page number, Referenze %o secondary docusentation to
. shorten heading entry is ierxissidle oa the sane basis as
described for the Loungevity Lcg of Failures.

Under tho heading ths Crerations Sheet should de
divided into columns in acsordance with the follcowing:

(a) Line ruxber.

{b) The 2nd coluzn should be for local time
* of the data entry. :

-

: {¢) Cne or more columns, as deemed necessary, -

- . - should te providsd for repeated monitor- '
ing of crivivel environmeatal parameters
and power supply parameters. -

{d) A gooup of coluans should be provided -
for each eguipmest perf{armsnce. parameter
monitoresd cn & repeated basis during the -
tast. - . . I

{e) Each colus=n group, as described in {d}
L . . above should contain as mzany columhs as.
- there e ecuipments assigned to simul- BRI
. tanecus t2s5t, The width of each columm
. : . should de sufficient to parmit the entry
: - of a nurerical value for the perforsasce .
parameter moxnitored, or a check mark {f
mera applicadle. The numerical parzmeter
is preferatle to the check mark because of
its greatar guarantee of cperator atten-
ticn. .Tne last column should be for the -
. name or Injtials of the data recorder -
. . L raking the dita entry. .

Sencath the coiusn heading, The Operations Sheet

should be ruled with herizoptal lines to permit one line
to be used for each otservation of the saxpie under test,
It in presumed that ejuipcert operating i1n the.absepce of
fa‘lure will be routsinhely checced on some periodic basis
such as cne eazh hour, c¢r once vach 15 minutes, etc. It
has been fourd that pericdiic data entry perzits far ncre
.accuracy than other techuig.es suth as "cont:iruous scrutiny
#ith data entry only upon cczasion of irreguiarity.” Shoyld
attention be drawn t¢ esuizm=nt fatlv-e betwcen intervais
of regpular data taking, =he rext avaaiable lane on the
Operations Sheat shouid te us2d fur the entry s¢ occasicaed.
¢ i{s intended that the crzarations sheet provide adeguate
informaticon from i1ts or:ginil, as kept. by zhe srerater,

. a5d not reguire rerrocessaing prior 2o utilization.

lelgfe Kenort

]
Yy aY] pertineanl €ir¢ Tflarles attendant to e2ulpaent
fatlarm 13 Zelleved manizt =% 17 5TGer 0 guLirantee& profers
18 laiton and count of wize.ited althouph Si-ultanacu®
aomtrmans fotiyree fwhich -3l le counted 98 serirase
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fallures in accordance wi2:: the -rules for dats handling
vhici fciiow the description of the required data forms).
Purthermcre, the use cf an sdequately complete failure
rerort will permit maximur benefit to the equipment maru-
focturer and his design staff if remedy 18 needed becsuze
of fuilure to pass the Longevity Test. The Failure Repers
form should be preprinted for ease of data ent.y, and ali.
forma muss possess a preprinted serial number for reference
purposes and accountability.. The form should be designad
teo perzit initial data entry Dy the tast cperator, subse.
quent data entry by equipment repair personnel, and fimal
dats entry ¥ engineering deasign and staff activities.
Accordingly these respective portions of the Failure Report
form are ident:ified by I, II, IIl. . .

1. ggporced by the Test Opetator

: : As Equipment.Failure Idsntificatios $
1. -Date and time of failure.

2. Test sequence identification at time
of failure.

3, Identification of failing ejuipment
by model. and sarial number.

L. Naae of observer. ) o -
. s, Specifié identification of test in-
struzentation and faecility gpplicible
to failing equipmant. . :

6. Total test time accumuiated by failing.
equipment at time of failure.

8, Failure Svymptons .

Both variatles and ‘attributes Jdata on both
atnormal and normal performance parameters,

- both izmnediately before and "immediately
after fatlure, "

€C. Reference to Cther Failure Reports

List cther equipment failures, {f any, ob-
served slrultaneously with the subject
eruipzent failure. (These data are valuable
to gaard against reasons for.failurs exterma.
to th> tested equipment.)

IT. Eeported by Revair Persornel

A. Ceneral

1. Time ina date farlad equipment received
by reralr perscanel.

2. Name or names of repair perscanel.

57
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B. Coafirm:tion of Symptoms

1. Method of test employed.

2, Identification of test inatrumcntation
and acility used.

3. Both variable and attributes data (as .
applicable) on all performance pnramecorn
checked

4. Comments on discrepancies betweon syxptoms
observed by repair personnel and s?upto-s
observed by tesy operncor.

C. Idestification of ?ailed Part_or Componenﬁ'

1. Dart name, catalog number, nanufacturor,
and circuit symbol which nust uniquely
identify the failed part in the overall
equipment.

" 2. ¥sthod of part test used to establish . .-
part. fatlure.

3. Identification af tost instrumentation
simpioyed. .

L. Variables data on significant performance
.perageters of failed part.

D. Multirle Part Pailure

1. Idenzification similar to {C), of each ad- "
tional faili ng part which can be proven
to ba a secondary failure and occssiored
by parc fatlure identified under (C).  The
actual or suspecied machanism of secondary.

failure should be briefly des»ribod

Identification, similar to (c), of sach ld-
ditional failing part which cannot be- .
proven to- be a secondary failure and oc~
czstoned by the pert failure ldentified
under (C), The repairman is authorized

and airected to initiate an additionai
failure repert for each additional though
unrelated parts failure found. Raference
“to these fallure raporty thould "o 1n-
sluded on the original fatlure report.

e

Jdentificaticn of Repairs
1.

;denti'lnqt‘vﬂ and p23t histery (new,
urned-in, 1ife tested, etc.) ¢f each re-
waqremrrc part used for "epair, with :
szecific referense (viz., circuit symbol)

to the falied prt thaz each replaces.

Definit.va descripticn of centrol adjust-
ments nesded to reobtair satisfaclosy
eszuirment ferformance, with J"scxfication

v
ria
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. . for adjurtments {other than operator
L . controls) in terms of failed or replaced .
: ) . ) par:s. '

. - h 3.. Variables end sttributes data for equip-
- ment performance following repair.

b. Accurulated operating tizne for equipment
curing this repair cycle. .

P. Interpretation of the Heason for Failure
By Reoair Feraomma)l oot

G. Fallure Number Azsignment

H . 4 separste failure report must exist for every
. . . primarv (unrelated) failure. and within toe .

' Te1180ility test of a sample of eguipments each
failure zust be numbered consecuytively. Since
it 1s presumed that a single repair aativisy
will process all failed equipments, it is
rrobably convenient lor consecutive fasilure
numbering to be assigned by the repair stalf.

: 'III.Réggrtedlpy Engtnooring#ﬁea}gg and S:taff Personnel
‘ . A. Résults of, or Comments Frem, Analysis cf the
railed rar 8% % .

t_Oy-tne components Stia

teh aen »

o .7 B. Comments Based on Failure Analysis by the Design
. ) Group . B '

-C. Détermimation of burt Failure Cazego;z; 1.6.,
. : Yrivewy or Seconaarz FaLivre, b7y Desiegn Group
. . - with kppreval of Autheorized Governrent Inspecter

Optimuz sudsequent usé of part fsilure data will
require deternination of ‘failure category, primary
- - or secondary, for each failing part. Since ’
. . secondary failures may be elimisated or reduced
. . by improved design of the part {or asjoclated
. . . cireuit) {nictiating the primary failurs, the
. rarts in the secendary failure category may
not necessarily in themselves be directly con-
tributing to the cause ¢f failure and the
attendant recuced eguipment MNT&F. The more
important redesign or madification viswpoint
being determination and elimination sf cause
of tha sssociated primary part failure, This
will be covered in more detail later under
Failed Componaent Swumary Analysie.

Equipcent Repair Sheet

The Zguipment Repalr Sheet 1is designed to permit keep-
ing the entire tast history of each tested eguipment on a
single sheat, In order 'that widely 2ivergent 2ifferences
in te3t behavior Letneen aguipments rmay be easily recoeg-
rized. Aaditionally, the use of tinis form wili be cf svme
assistancy for the reccgnision of subssquent faliures pro-
duced Uy AL eariier and unrevedied cause, Furtherrcore,
this furm assists in resting tle requirement for sulficilens
dats collection fcr crcss-chieking purposes.
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The heading of the Equipment Repair Sheet should contaia
: . . cozplete fientification of the specific equipment to whilh
- it refers, including the basic equipment serial numbder &4
. vell as serial numbers of major units. The heading sh:uld
alsc contain complete reference to the test io which the
equirment 1s being subjected. The test position occupled
b7 the equipament during test should be identified, Nota.
tion should be entered concerning any significant past history ™
of the particular equipaent prior to the. test. Lastly, tne .
cate of initiation of the test should .be entared. .
Below the heading, the Equipment Repair Shest should be
divicded into columns as follows:

" A. Date and time equipment removed from test o,
for repair. : L .o

g B. Date #nd ‘time equipment retiroed to test.

. C. Elapsed operating-time-peter ieeding when
’ ’ . 2gQuipment r:movgd from test for repair, v

" D.. Approximats accumulatsd operating time
during -epair. . .

. - _ E. Identification number of the failure

; necessitating repair. .

. F. Referenze to all other failure rqborts.
if any, initiated during repiir.. .

Iy

Under the column headings the form should-be ruled .

T “with a nuwber of equally spased horizontal lines with - "
- ‘ sufficient Spacing to permit the use of a single line for

ca. 1nsiance of repair. It is intended that upon com-
pieticn o the test the several eguipment repair sheets

for tne several equipments cested may be scrutini.ed simul-
tanecuely for.a comparison of the number of failures ;
suffered by eash sguipment, and the total time consumed in
«sxing repgairs. 1In addition, it will be possible to provide
contirucus accountability for each tested equipment during -
sre -ett by surveillance of -the Equipment Repair.Sheet :n. . @ -'J
conjur.ciion with the Operatioun Sheet. ' . -

Failure Jags N
An Equ:ipzent Failure Tagz is to be affixed to-a Yailecg-

o¢ provided for entry by the reps ir activity of
line number of the appropriate entry in the

pair Shee:, aund the Failure Report fora(s)

eris) fer any additicnal pars or component fasl-
1 during repair. This tag is to be removed by
erator yron the equijment s return 1o tesi foliow-

. aniizment by the test operator immedictely upon failure
v decgstinon.  The tag must refsrence pape and line nmumbor of
5 the rartinert antiy 1n the Operation Sheet and the Loz of
: Farl.czs, and must show the Failure Report fora seriai number,
€ ~us

NN
F N <

ae

Pt o]
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ir. whereupon the tag 13 tc be delivered to tné

37 povernment regresentalive. Other fatlure ~ags
are * e jermaneqac iy affiixed to Iztled parca and compinunts
Te renarr altivity, and these taFS ara t6 reterente ine
Sem.a: nuter of tae applicacie Foriare Report ferm.
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Failed componeat Summary Analysis

Failed Component {part) Summary Analysis raforz
forzs provide basic data for determination of the relia-

111ty capability or parformance within esch part category.
ACCQL's and need for impruoved design are discermired thevefronm,
Conrelaticn 15 provided bLetwcen field and factory part fail.
ure rates, etc. Forms need not be pre-printed.

The heading of the Failed fomponent Summasry Analysis
form (equipment sheat) should contain means for tdantification
of the test, type and serial nunber of the equipment, date
of start and stop of the test, and ustatement of the environ-
rent test condition level. Other pertinent informatioa mey
to added or kept on secondary docunentation as desired,

Under the headih; the Failed Component Summary Analye

‘519 form should be divided-into coluzns in accoordance with

she following: ..

a. Description of part failed. -

u. Number of primary failures. N .
¢. Number of caconda.y fallures,

d. Total failures. -

The width of the firat column should »e wide enough to eon~-
tain description of the failed purts such as, power transform-
er, tube, transistor, capacitor-mica; capacitor-paper, ete.
The second and third columas should de wlde enough to con~
tain counting marks and totaling number of failed parts in
either category for the parts listed in column one, The

last column will contain only the total numter, the sum of’
columns (b) and {¢).. ) '

Beneath the column headings the form ghall be ruled
norizontally to permit one line to be used for the failure
suma3ry of each type nf part, One mark shall be made
c:frespcnding to each part failure in the proper category
co'lumn, )

Upon the completion of each form 22 atove {for cne
equipment), the totals therefrom shall be transferred %o a -’
ctadizing form similar to thie but providing tetal contract
her thar equipment' part failure data. Upon completisn
ol rontract, and oL any previous intervals, as may be speci-
Yy the contraiting apency, the final or intecim to‘aiized
-are fatiure <data may te fotwiarded to the ccgnizant agersy
:n letiter and table (as above) form, sdece, of course,
weading Informatton pertinent to the cont ract would be
FiveED, :

Prior tu beginning the lonpevity test, but after
selecticn of th~ ecsapments %0 be te. tid, heading informa-
ti:n 13 to be i1aserted on the Loc of Farlures form, Opera-
21 n Sheet, and Eaeltment HRepair Sneet: (n2 equipment
repalr steet for ¢atnu equitment (o o testeds, Tne
mermpddicity for oterlormance crnecting of the ecutpments

srine the test rist te estabiin 3. Zeginn’iaz wash
olhiation of oo 103t the {jeration Sneet 13 °n te
‘rtindcusly maintalned Conlurient.y WiLn tae measuremen’ s
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and readings taken.® At the instance of the first observed
fallure the test operator sust make an entry in the Log of
Failures, suitable entry or the Operation Sheat, and y
- initia‘e a Feilure Report. The failed equipment shculd }
then be removed from test, without disturbing the remuining
equinmenis, and delivered to the repair activity together
with tiie partially completed Failure Report. During and
at the conciusion cf necessary repairs fznd ultimate
verification of adequate performance) the repair personned - .
must make applicable entries on the previcusly initiated
. Failure Report, mitst initiate additional Failure Reports
for ndditional. independent failures found, if any, and
~yst make an entry in the appropriate Equipment Repair
Shevt. Thereupon, the equipment ig to be returned to the
tezt, (Upon reinstallation of the repaired equipment in the
test fasility, the test operator should make an entry in
tne Cperation Sheet %o indicate satisfactory operation,
Cnce each day, or at other appropriate intervals, the person
in charge of test will review the above mentioned sheets for
overall accuracy, proper inclusicn and correlation of data,
etc. Sudsequent to the agreed determination of part fallure
ca%egory, he shall make corresponding entry on the Falled . .
Component Summary Analysis Sheet for that squipmens, Sub- * .
s~quent to completion of test for a particular equipment, .
pass or fail, ne shall tramsfer the part failure data from
the esuipment sheet to the totalizing sheet. -

“he occasions of subsequent failures are to be
hancled in identical manner. At the time of each antry by
the test cperator in the Log of Failures, he should check. . -
tc drtermine if a decision to pass or fail the tested sasple
can be made, or .f the test muat continue, At such time as
a fail decisisn can be rezched, and provided that esquipment
has accumulated a test operating time equal to or greater
than tvelve time3 the ccatract specified mean-time-betwaen~ -
fatlure, the test on that equipment can be discontinued.
Such eguizcments as are :hen deleted from tests shoculd be
referenced to the repair activity in order that the appertain-
ing Z3uizceny Reprair Sreets may be closed out with appropriate
entry, 'Ail other equipements operating on test are unaffected
by the f2il tc pase tose decztaion for a specific equipsent
except for resaitant decisicns affecting the lot; 1.e.,.
upen the fail to pass test decision for a specific equip-ent,
the test zhall continue {with a newly selected equipment re-
placing the falled equipment} until such time as a decision
effecting the lot is made, .- .

Subsequent tou the repair of equipment failures the
regalr activity should forwzrd the nertinent failure reporis,
together with the failed parts or components, to the com-
conents staff, who in turr will re-forward the failure -
repsrey to the design group, (In the absence of a components
staff ard ¢r design group the reports should be forwarded to
tre <¢ignizant engineer). At.the tompletion of the test all
firews st.ld be reviewed by “he authorized povernmant repre-

v2 and then released to the design group.

Rules far T1ta Handling

Tre following rules are ma. datocy for guverning the
use of 2zllected dara and tne varner in whish 1t 1s collected
If the decisier reached Te~r Lhe lungevity test 18 lo be

.
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. valid. Inasmuch as all rules are sudject to interpretation,
it is in. nded that tlhe most odvious interpretation shall
apply, ana disputes shall bs referred to the suthorised
government reoresentative for decision. The following rules.
are applicable: : ’ ’

1. Inability by the repair activity to confirm the
existence of equipment failure observud during test shall
be insufliciont . grounds for deletion of such slaimed failure
in the count of total failures. It is invended oniy that
confirmation of failure by the repair activity will permit
better assessment of needed repairs and indication of any
porsible fault in the testing facility. Lack of fariure con-
firmation should instigate close review of the test facllity,
and if the latter can be shown to be Loth at fauit ana %o "
compietely account for the failure, to the satisfacticn of . )
the authorized %overnment representative, then and only then
can tha count of such failure be eliminated.

’ . 2. The actual failure of parts or componeits can
only be established if the repair activity can unzistakably

. darmonstrate that sucn items nc longer meet one or more

P ., specification requirements, Ths existence of an-equip~

; ment failure under conditions where no part or component

t - ¢sn be demonstrated tbo be beyond specificatior limitls,

must be classified as either a design or workmanship .

fatlure, A3 such, it shall be counted in the tctal number

of equipment failures, but details of the circunsiances

| ehall be deferred for close study to the desige or quality

‘ conirol activity, as the case may be. .

.- 3. Datermination by the repair activiuy that
: . more than one item in a failed eqiipment is bovh beyond

. specification limits and wi'. independantly prevent satis-
factory equipment performance shall occasion the repair or
replacement of each such itew. Each such repajred or re-
placed part or component shall be counted as a separate
equipmerit failura {slthough the several were osbserved
aimultaneously) unless it can be demonstratéd bevuud any
question orf dount that the failure of one itew i turs
produced the failure of one or more othes.iteds., I such
prozf can be demonsirated, each depancent failure may be
classifled as a sezondary fatlure, and 88 sueh is pot to
be counted in the failure totzla of other than the Component
Faillure Suvmary Analysis sheav. Ad=quate proof, necessary
to establish the secondary aspect of certain of the muilipie
failures observed simultaneous.y will be at the discretion
of the authorizsd government repressntative. Au least one
rrimapry {and countable) part or component fasiure muss
erxist aiL each instance of eguipment repair where seccndary
failupes are claimed. :

L. No part, eamponant, or item may be replaced in
any aquirment involved in test unless every such part,
~rmpcaeri, Or item can be proven Lo be outside of spesifita«
tiar tolsrance. Such parts or compenents as have ge-
toricrated for any reason bul dc net fail cutside ol
specifization Lclerances canpol be repiaced. Esc2h inad-
vertent raplacemans under such conuations chall be ccl-ted
as & rrimary fnilure ang shall be called to the stientian
of the aithcerized government representative, When an
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© equipment failure 1s tound to exist, and no part or come
- porent can be prover ¢o be nutside of specifi~ation limivs,

then the equipmenc . .all be reparred to return it to adequate,
operating condition, and the specificaticn {or each item
repatred or replaced shall be altered suin as to refliect
outecf-tolerance condition to the satisfaciion of the
autnorized governme v representative, The failure count
for such repaired or replaced i*ams shall be in astordance .
with rule (3) above. .

5. Except for changes made as a result of & lo¢
decision no preventive maintenance is allowable during
longevity test nor during actual equipment rerair. (Ree
agjussment cf operator controls 18 not sonsidered preventive
maintenanze.} Anticipaticn of failure 3hall in no case be
Justification for any preventive laintenance. .

6. A1l questiors and disputes arising shall be ’
seferied te the authorized government representative for’
ezision, )

7. In initiating the test, the randomiy chosen
aquipment. sample shall be installed in the test facilisy-
aud operated for only that length of time necessary to-ese
tablish that the facility is working properly. and thst
alequate facility adjusiments and calibrations exist. Up. .
to this point ascumulated equipment operating time on the
randeomly chosen equipreat does not count toward the test
{and similarly any equipment failures may be repairved without
failure count), When the equipment selected Jor lonpevity .
test is one having satisfactorily completed the Reliadbility
Index Evaluation it shall be reraired as necessary,.«ll
previoud operating time and failure data shali be trane-
ferred to the longevity test forms and found acceptable
where all primary failures are counted. Thereafter, the |
test shall begin, and all cperating time in the test facllity
shall be counted. If, during the zourse of the test. fa-
eflity diffizuities are encountered necéssitating equipmens
operation in the facility for experimental purpcses. che
tested equipmeni(s) shall bs replaced with other Like
equ:pment(§ not under test {or such experimental period.

8 It shall be permissible for the repair aca
tivity to operate any equipment foilowing repairs thereto
for any desired Jength of time {prior.to resunytion of
Lost) se may szem pertliinent to guarantee that the true
cauge of equipment failure has teen westablished and elim-’

- inated. This shall not ue construed to grant permiassion for
tre repair activity to inordinctely delay returning to the
t2st such equipment or -ejulpments as appear to have ab-.
nvomally high rates of failure. ’

* Q. Requirements for action on data taken shall
be in accordance with ths instructions enumerated under
the heading "i'se of Forws"., Lot decis‘cns, however, are
derriibed under Section II.B, 2-e. "Test Results and
C.nclusions™ are discussed with an arplication exsanples
wader fection II1.B.3.

10. It shall
Frior to the teat ) ¢
operationa or repal.s
from the line.

ts permissitle for the contracter,
S perlom any deelired debuseing
s, on &any sampie randoxly selecied
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11. Rules and precedures (of neelcd repair, re-
piacexent, and;or cclitrasicn of the test facility, to
be made during the test, nust be anticizated and es-
tadlished sublect %o the aprrevsl of thc procuring
agetcy, prior to initiaz:ion of the test. Additional
‘rules needed during the test shall be Ceveloped entirely
a% the discreticn of the avthorized governzent repre-
gentative,

12, Any data takxen during vie test which require
arditraticn and.or resoluticn must be resclved immedlately
talicving the data occursensus., No data cnce resolved
zay be altered, althoug® adaiticngl 2larifying data entry
rav later be made in srcer to assist iy e consideration
piven by. the autharized government r:presentacive,

13. In the case of a lot decisicn, because of
faliure to pass test, re~uiring positive action econsissing
of cesign change, mcdifi~azicn, or rewers actually related
to otserved failures, all equipments on test must undsrgo
tha regquired action pricr o continuing test. It shall
not bs perrissible to restart test with new {untested) .
but properly modifind ejuipmants, . ' . )

14., When eguirments unizr tcst are zodified as
in maregrsph 13, adove, they shsll not be rejected as
fatled 'cn the basis ¢f any previous data but only after .
at least twelve new failures have gccurred, as if a new .
tess were bteing initiated, see Section 11.8. 2-¢{3).

15, Fhules goverai
ear siiall be estadiish
as

ny anticipatibie interruption
21 rriop to initiaticn of

.~ once astatlished should be
on-¢f the authcerized govern-
waprle, test vaiidity is not
nale :
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e. Tast Results and Seaclusicns

Turing the longeyi nenever a deciston is .
reaciied T1at A tested e 18 wither passed or fa{led ~
the test, that declsion s te used o influence a general- o
declelon for the entire 10, A Yot decision based cn the
evavletion of test or a siugle eguiprment i3 statistically
Alzost meaningless {theme fs WO probsttlity that the pere
centage of egu.ozente in tne Lot wnich would yield g
contTR stove 54 and below » ¥, and for re-

. : ots would be gatove 234 as would be
IEDR O e nosa e elSfect that
EYe s ~- 2rac less tran 1% of tne

: L Ivneevesy teuy 10 s0 teste
o s te terted 572 all found to pass
1 sligrerts a2 tested ard ail
Ta Ve e rersertare of falling
a2 is €.
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The procuramsnt coniract shall spscify the number of
equipments to bs lonpevity tested; and preference shall be
given to the test of twelve or more equipments. When c¢ire
cumstances favor the test of fewsr ti.an twelve equipments,
the number spescified fur test shall not be less than two, and
the test history of those tested shall ba reviewed by both
tne contractor and the contracting agency to determine from
censideration of the kinds of failures observed a&s to whether
equipment redesign cor modification should be required for
future procurement even though 21l equipmencs tested are found
to satisfactorily pass the test. The contracting agency shall
give consideration to t* > miximum percentage of short lived
equipments tolerabhle t> supply and maintenance, oxpected dura-
tion of props3sad longevity tests with respasct to procuredent :
schadule and budget, the total number of equipments to be ’ . i M
procured, thy caniractor test facilities available, and the
destructive ..ature of the tests. .

When “he contract specifies that the vequiraed nurber of
equipments tu be longuvity tested are to be tesied in 2 or wore
successive groups, test of 2 later group beginning only after
dacision on an earlier group tert, then if all the equipments
in tho initidl grovs fail the test, equipment redesign or -
medification approved by the procuring ageacy must ba effected
befere further test., If only a portion of the initial group
failes, or if any equipments in later groups fail, complete
tesat Jata shall ve reviewed by both the procuring agency and
tha contractor, and a decisicen shall be made to either (1)

" redesign or modify tne equipment, (2) requirs longevity test .,
of ah increased number of equipments, or {3) lower the -
longevity raquirements specified by coatract.

Of prama {aportance to the contracting agency with
respect %o accertable equipment are those data in the Failed. .
Sompenent Summary Analysis a.d . pelated Fallure Ings. Sueh
. data provide basic information tur the most economical means
: for establishing minimum spare, replacement, and repair *
parts requirsments to provide for the necesaary and subdse- : .
quent operational mainteranca, It 13 to oe nuted that
. this cechnique for factual and. economical logistic predice
* tion has never heretofore been prracticed, and that the test
herein described provides an ideal means both practical and.
economically feasible.

Of prims importance to both the contractor and the -
contracting agency with respect to unacceptable equipment
are thore data enumerated above because they.ldentify
limited life characteristics for critical parts, ccmponents,
and material, chur indicating specific areas for redesign
or modification. Such }ife data will usefully contribute to
the background of reliability information on parte and y ;
materials, of great bonefit to future endeavors. :
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C. vaduesion Tests. ’ .

i. Rellability I=zdex Bvaluazien Method and Procedurss

In the teshnique presented irn 22is scetion for de-
termining that the reliability irndex (N73F! equals or
exceeds the contract specified minimur value for each
produced equipment wif . known high proiatility and low
risis the following basic concerts are eazhasiced:

. {1) For those equipments aciuilly tested, a sample
ef faiiurs occurrsnces is observed, snd the sequential
sazpling test of Seotion II.B.1 &8 urced 20 evsluate the re-
lasicasnip of the MIEF of the equipments iz the tested
sasrle to the contrict specified mizixum MIZP with specified
risks {20€ risk of wrong rejecticn Gesieicn on 1.0 ¥, and
A% riskh of wrong acceptance decisicn zz a lower limit of

Ooc: ‘l‘). . .

ichs irom tested
rcx izaullaneous
iing rlan is em-
ity of untested
$téE

{(2)" In order to =alate observat
esto other but untesced equipsens ¢
etica, a continucug attributes sarc

d whereln decision as to accepiadil
prent is derived Trom data on the tested sazple. In
saxpling plan risks.are established wnich are Jjudpged
=e bast compromise between size and curation of total
rodustion and valuve and cost of sazprle.zesting. The level
&f iisk establlshed by the Iniflal sszpling test as well zs
the sezewhat higher risg associsted with the continued sazpl-
ing, are explained in Section 1II.L.2.. : .
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a. Sampls Salection

Selecticn of samples from ecuivment rroduction upon

which to perform reliability tests is zale in sccordance
with 8 plan which initiallr, and therssfzer whanever any
sancle eguipment 35 found to be substaniard {low MTBF), pro-
¥i3e3 u ic% user's risk of accepting esuipment lots with no
zore then 10K substandard equipments incluied. The sampling
£l8D onvrates on A Jontinuing basls at a reauced sampling
lerel 20 long 83 no substandard ecuipmexts are identafied,
An order that any shift from the producsiza of acceptable
ejsimnts to the profustion of sup-stanzara ecuipnenss will
be observed, and tighterfed sampiing resumed, .
Mo san ‘ag into account
ocs sracl In rate, so that
tes 4178 M 237 pa2ricd of tire,
taa nts aced Tulite a test -
e 8 saff 2y reszit a
sn2 2t 48 w <f actual test
eon ing th muizted. I no
cya Tne numler 1 Jer 5 test Frotp
alt to “al w2 ild fausze the
o Leal "larF, the test
ture ~r2.lal.e iy wiens. In no
case 2 nn .2 a2 mest group
&lidw2z 4n D s-e> the ievel
€l usrrts i3k wed Tiea T4 .Tegl A.l71n
reasonstia Nunlds,
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The selection of equipment samples for test, rather
than being made randomly, is always made consecutively with
respect to the sequénce of equipment availability f{rom
production. Thus the “irst production test to.be made is
made upon 4 group of N equipments comprising the first N
equlpments to become availabvie from production. At any
later time if a test is required either on the basis of the
requirement for testing one group of equipnents once each
month, or for any other reason, ther the equipments chosen
for the test will be the desired number chosen consecutively,
from those not already shipped, with respect to earliest
date of receipt from production. .

The sampling plan requires that a minimum of the -
first 22 equipments produced must all be tested and found
satisfactory before the shipment of any untasted equiprents
is .permitted. For such coniracts as procure 22 or fewer
equipments, all must be teated prior to shipment., .The de~
tection by %est of any substandard equipment (low MTBF) has
the effect of .immediately halting shipment: of untested .
equipments and requiring tlat the next consecutive 37
equipments must be tested and found acceptable bafores resuming .
shipnent of untested equipments. If two or more sub-standard -
‘equipments are datected through test, shipuving of untested
equipnents having been halted and not yet resumed because of
the first sub-standard equipment found, then the 50 consecu-, -
tive equipments must be found acceptabia folilowing the last .
sitbstandard equipment before shipping of untested equipaents
may rasume, ’ .

A1l reliability tests of equipment samples must be pere
fermed upon groups of equipments, and since the size of the
group together with the contract specified T (minimus MTB?) de-
ternines the probable length of test, the size'of the sroule-. .
shall be chosen in accordance with Figure 3. The graph'of Figare
3 relates T, and mouthly production rate, to both the number of
equipnents per test group for earliest test decision, and to
prcbabla length of time for test of that group size. The initial
production test, and the test fullowinz the destection (through
test} of any substandard equipment, shzll always be performed
upon & group of equiprments «f size chomen from Figure 3, enter-
ing the graph for the applicable T and montaly production rate.
For example, if T wers 100 hours, and monthly production yate
i5¢ squipments per month, the size of the test group would be
24 eguipments, If the certract T were-again 100 hours, but the
mehthly production rate were cnly 2- equipments per month, the
test group size weuld be chesen at 4, the minimum numher al-
lowed for test, rather than 3 4s might be extrapolated from the
raph. Howaver, one axcention to the foregoing rule for-size
of test group 1s permitted. Following detection of a substand-
ard equipment, the t -t grcup size may be increasad by the
adaiticn of any number of eguipments in numerical sequence sl
ready on hand ana otherwise ready for shizment., Additional
shortening of test time s ctherety pecssitie when available test
Jecilities perait.

For such procurement as specifies values for T and
mepthly preduction rate, the nterssetisn of whienh falis within
tne sclid zone te the richs F <0 houry averags test time and
S eCUITTRRLS Ter Leit Froan ol Fipure 1 thar shipment without
test ¢f all equipgments In excass ¢f the number remuired for a
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monthly sample test is permitted, provided unacceptatie aquip~
ments are not found among those in the samile tested. Such
shipment of untested equipmen.s is in accordance with the rules
#tated above. Thne number of equipments to be selected for the
‘xonthly sample tast shall bs as specified by contract, or {2
not specified, any number between the minimuwa nuzber found oa
the solid line porticn of the graph of Figure 3 for the con-
tract T {which is that number regquirirg an expscted test time
of 500 hours end independent.of producticns rate}, and the
number established by Figure 3 for the contract 1 and the
menthly production rate. For example, in the absence of
epecification to the contrary, if E is 100

nours, and the monthly production rate is 150 squipments,

then the monthly test may be of aty nunmber of ‘equipmeats
between 4 and 24, If T instead were 200 hours, the number
could be chosen between 8 and 33. ’ .

The sequent’al test method of Jecticn II.B.1, -
which 13 used for testing the equipment samples chosen In
accordance wit!. the foregcing. permits an accedtance or
rejection decision for the entire group under test. Hewever,
Zor the reiiability testing of production eguipment it s
necessary to identify within a test group following a2 re- -
Jection decision just which eaquipment or equipments are
substandard. Such identificatiorn is made in the foilowing
aarner. Following a rejection decision, the group shall
te concinued on test ‘ust as if no decision had yet been : .
reached, However, the data c¢n the group's Leg of Fallures . . .
‘shall be analyzed irmediately. The failure data orn each .
equipment separately, and one such set of data at. a time, .
c=all be cansorea from the group's Log of Fatlures to de-
tarmine if the removal of any one eouipmerit's feilu-e data
{tcgether with that eouipzent's accumulated operating time)

Jwill prevent the rejection decision rreviously reached.
IS it be determined that such censorship for cne or more
specific equipments individ ally dces in fact prevent th2a re-
Jestion decision, then such tentatively revised remaining ,
data shall be scrutinized to determine if an ascceptance de-
cleion could have beern sade at any prior time, If such -
acceptance decision 13 ;ossible tecause of censorship of data
fr¢w tut one specific esuipment, then that specific equirment
stzll be set aside as an unsatisfactory unis and the rezain-
ing equipments raieased for delivery withcut further tast as
acceptable units, If such acceptanze decision is possidle
tacsuse of censorship ¢f data from any of several specific
esuipment s indlviduaily, tnen each of these specific equip-

-
X4

ant8 shall be set asige a¢ unsatiefactory units, the re-
ining grougp released Tror further test as =avisfactory, and
record altered tc ns%e the presence of & d~ulle group

cire, T8, as will te wore comman, censcrah’r 77"523& frem

“a
ne opr soveral speciflic ecutinzments Znaividus iy rermiss olimina-

]
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perait an a-wceptanze decisien, tuen tae entlre group
cuming chese loentifled egquipments shaxl oe continued on
2 urtii the next oprortunity for either an 22cert or re-
t deciaion tares on camnined data less cna censcred dat
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decisicn ss well as justificatiorn of ths later accept
decistion, then each such responsible squipment is to be set
aside as unsstisfactory, tne remainder released as satis-
factory, and a double group f. ilure recorded. If the
opporiunity for next decision is for a2 reject decision, -
and such decision cannot Le prevented by the selection of

: any one set of data for censorship from those sets which
s will prevent the sarlier decision, them a doubie group:
3¢ failure is to te racorded, and simultaneoul censorship of
'}} data sets froa more than one equipmemt is permitted. At
RS- : the time of initial group reject decision, if it is found
AGN that the censorship of no single set of data will prevent
£y the reject decisior, then sisultanecus censorshiy cf zore

than one set of data is permitted, and a double group failure
is to be recorded, By thic means determination shall be made

. . as Lo vhich equipment's or aquipments’! data to withdraw from -
N . 8 group in order to permit conclnsion of ‘test with aecept
I decision besed cn the remainirg equipments within the group.
% Deterwanucion tnat more than one equirsent within the group
s"’

is responsible for an adverse decision shall result in the,
O . " recording of a double group fatlure (even though the un-

s satisfactory equipments number more thaa two). Obviously

i foilewing & doubie group failure, shipment of untested

It . equipment 3 may only resume aftsr 50 comsecutive egquipments
_, . &re tested and found satisfactery.

& To fllustrate the operation of this sampling plan, . -
" Figure &4 has been prepared, show