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in improving this document should be addressed to: Commander, US Army Research Laboratory, ATTN:
AH SRL-EP-RD, Fort 140wwth, NJ 07703-S601, by using the Standardi zat ion Document Improvement Proposal (DD
Form 1426) appearing at the end of this document or by Letter.
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industry and ●i litary servica activities, is herewith acknowledged.
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I$IL-STD-690C

1. SCOPE

1.1 Puroose. This standard provides procedures for failure rate (FR) qualification, ~ling p~ans for
●stablishing ●nd neintaining FR levels at selected confidence levels, and Lot conforaence inSp$CtiWI
procedures associated with FR testing for the purpose of direct reference in appropriate military electronic
parts established reliability (ER) spacificationa. Figures and tables throughout this standard are bas~ on
●xponential distribution. Ueibull distribution will be acceptable in certain coaponmta such as capacitors.
Use of Ueibull distribution for any component must be approved by the qualifying activity. This standard
aLso provides guidance to specificetim writers in tha use of this standard (see appendix) and refermce
aaterial for users of ER parts,

1.2 Application. This atanderd is applicable for reference in ●lectronic parts ER specifications when
the foLLouing conditions exist:

a.

b.

c.

Electronics parta are essentially the eeDS design and are eenufactureci under assential~y continuous
production; the procbction procass is”astabliahad and controlled in acoordmce with MIL-STD-7%1.

The part design and mnufecturing prooesaos produca ● product whose failure rate can reasonably be
asauaad to be constant with ties over its intended life (i. a., an ●xponential distribution of
failurea per unit tiaa).

The aueLifYim activity adainistera this ●tadard to Drovide tks consumer with assurance that the
aualified FR Iavel is ‘king eeintained by a given manufacturer, since these pmceduraa in thaaselves
are not sufficient to assu;e the qualifi-kl F~ level.

1.3 Rethcd of reference. This standard
following procadurea:

a. Procedure I, “Qualificaticm at the

can be referenced

initiaL FR Level”

in ER specifications by specifying the

(ace 5.1).

b. Procedure IX, “Extension of qualification to lover FR LeveLs” (ace S.2).

c. Procedure 111, “tlaintenance of FR level qualification” (see 5.3).

d. Procedure IV, “Lot conformance FR inspection” (vhen specified) (see 5.4).

1
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2. APPLICABLE DOCUMENTS

2.1 Goverment documents.

2.1.1 soeci f i cat ions. standards, and handbooks. The fol louing specifications, standards, and handbook,
form a part of this docuaant to the extent specified herein. Unless otherwise specified, the issues of
these docments are those listed in the issue of the Department of Def ●nse Index of Specif i cat ions end
Standards (DODISS) and supplement thereto, cited in the solicitation.

STANDARDS

MILITARY

MIL-STD-721 - Definitions of Effectiveness Term for Reliability, Maintaimbility, W Factors,
and Safety.

HIL-STD-7%Y - Product Assurance Prograa for Electronic and Fiber Optic Parts Specificatims.

(Ihtleas otherwise indicated, copies of federal and ●ilitary specifications, standards, and hsndxxAs are
available fra the Standardization Docusents Order Desk, Buiiding AD, 700 R&bins Avenue, Philadelphia, PA
19111 -50%.)

2.2 Order of precedence. In the event of a conflict between the text of this docuaant and the references
cited herein, the text of this docuaent takes precedence. Nothing in this documnt, however, supersedes
applicable law and regulative unLess a specific ●x~tion has bean ObtOinSd.

2

Downloaded from http://www.everyspec.com



3.1
are as

a.

b.

c.

d.

●.

f.

9.

h.

i.

j.

MXL-STD-690C

DEFINXTIMS

Reliability term. The definitions of all reliability terms used herein
provided in IIIL-STD-721 with the exception and addition of the following:

Confidence level. This tern denotes the probability of disqualifying a product when the true
failure rate of the product is at the failure rate specified for qualification.

Established reliability. A quantitative aaximm faiture rate dentonstratd under controlld
conditions specified in a Hilitary specificatim and usually expressed as percent failures per
tlwusand hours of test.

Failure rate (FR) level. This teru denotes the aaxiaue percentage of failures (per 1,000 unit
hours) baaadm a specified confidence level.

Failure rate (FR) test. This tera denotes the test required toaccuaIlate data ffwwhich a failure
rate is calculated and is umd synonymously with the standard specification tere “life test”.

Hi@er FR level. This term is a relative tera describing a FR level associated with a higher *r
of faitures per unit tiae.

Inspection lot. A group of electronic parts of fared for inspection at ma tiaa and in cc&finetims
authorized by the applicable ER specificatims.

Lower FR level. This term Is a relative ters describing e FR Level associated with ● fauer *r
of failures per unit tine.

QualifYin9 activity. The military activityor its agent delegated toadninistar the qualificatim
p~raa.

True failure rate. This temdescribes the failure rate that vould be aaaumsd if all unitsof a
cmtrolled process were, in fact, tested. A “controlled process” is me in which FR variation about
its mean is duo to chance causes.

Truncatim. Truncatim is a “cutoff” point for Life test data, that establishes a precise point in
t+9e in vhich the manufacturer can choose the elimination of previous extended life test date when:

(1) A Life test failura has occurred and the mmufacturer has detershad the causeand i~laoantad
corrective actim accaptabla to the qualifying activfty.

(2) The manufacturer seeks
occurring after ● life test

The truncetim point ia not
less reliable and the “new”

an ●xtensim of failure rate on the basis of new design i~rovaaents,
failure or failures.

a random event. There mnt ●xist a clear distinction betuaan the “old”
improved design (ace 5.5).

3
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4. GENERAL RE9UIREHENTS

4.1 FR levels.

a. FR levels are reLated to operation of the part at the stress level apacified by the applicable ER
specification.

b. Provisions are made for FR leve~s ranging from 1.0 to O.001 percent per l,CXIO coaponent part hours.
In the ●vent the existing FR level of ● currant product is higher then 1.0 percent, an additional
levet (level “L”) shall be added which wiLl represent tha state-of -theart for the part.

c. ALthough the failure is expressed in percent per 1,000 hours (%/1,000 hr) throughout this standard,
aa~~ing plans end statistical tables may be used for FR levels ●xpressed either in terms of percent
per 1,000 cycles, operations, or in terms of duty cycle and streaa level.

d. Were a FR laval is required for periods other than 1,~ hours, an appropriate conversion factor
my be applied.

Exeaple: 1%/10,OW hours is equivalent to O.1%/l,UXl hours, or vhen specifying X/10,000 houra, the
unit-hour requiraaant is to be multiplied by 10.

●✎ Tables are p~widad to shov the relationship between true failure ratas and selected confidence
Levels.

4.1.1 FR Level determination. Deter@ inetion of FR Levels shell be based upon deta from all FR tests.
Data shall be accumulated froa:

a. The qualification FR -le. The specification designates the -r of aa@e units to be
inspected, nwber of permissible failures, duration of FR tast, and other criteria that aay apply.

b. Inspection lots which have been submitted for FR cmfomance inspection during ●ny qualification
period or interval. Data eccuaulstad shell aeet the specification requirement referenced in 4.?.la.

c. Samples subjected to extended FR tests. The data shetl be addad at the specifid tiae of
aeesureaant end not at the end of the FR teat.

4.1.2 qualification am rovaL for hiahe r FR levels. Qualification approval grental on one of the lower
FR levels shell include approval for all of the higher established FR Levels. For exqle: a$elification
approval for level ‘R” shall include approvat for Levels “P”, “R”, and “L” (if “L’ is daaifp’atad in the ER
specification).

4.1.3 SugolYillg to highe r ER levels. Parts qualified end aerked (coLor coded or part nudared) to louar
failure rate lavels are substitutable for higher failure rate leval parts with procuring activity Sppf’WaL.
A manufacturer may supply to aLl higher FR Levals than that to vhich he is qualified, and may elect to use
the sample size associated with the FR leve L to be supplied on orders or contracts. Electicm by the
manufacturer to app~y this option does not negate the requirement to aeintain qualification in accordance
with procedure 111 (see 5.3).

4.1.4 FR merkinq. All parts shell be marked with the FR level to which they are qualified, ●xcept when
the contract or purchase order specifies higher FR merking under the substitution criteria of 4.1.3.
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4.1.4.1 ~adirq . Were parts have been protkEed for part manuf acturer’s stock to s SPSCI f fe
fafluro rate lewl and ~lffication has bean s~equmtly extended to ● louer faflure rate level, the
●xist{ng stock my be remarked to tho lttest qualif i ad fsi luro rat. level provfti:

●. The loiter fs{ lure rete shal i have been ech ievad ●olel y through the acctsdat ion of FR test data Ui th
no change in materials, process ccmrols, process 1 imits, except es ●ccepted by the queiif ying
activity in accordenco ~ith the correct ive-plm-of-sction requirements of MI L-STD-790.

b. The msmf acturer provides ● uri t tan datai 1 proctire of the remarking process and test data to
stbatentiate that the ramrking procedures do not affect the part rel iabi I i ty or performance md the
proca&re is ecceptad by the qualifying activity.

c. Parta ahe(l have passed the ER specification cpality assurance provisions and shall hew bean in
stock for no mre than 3 months, ●xcept ulwre the aanuf scturer provi dee teat data s~tent {at i w
1- stor~e periods.

d. If parts ●re remrked, date ad lot code ahel[ not bechangad.

4.2 Jafke eri~. Devistimof ma or more apacifiadparstere beyond theapecifiad limits shalt
constitute s failure. If more thm ma parmeter {e to qtly to the FR teat, failweof more than one
par~ter m ● single qle shall cmatitute one feflure in *temining confo~e to the eccaptmce
criterfa.

4.3 FR teat reco~ . Teat records ahali be maintained for the period rqirad to stitamiste the FR
level qalificatim nd shall incl~ the date derived frm the FR teats. The format ie suggested m figure
1. Aru mesaurrnt thet ind{cetea failed marts shell be cleerlv marked and idantiftad as such in the teat
record- (for oxqtfm of data sea 4.4). A’ qle mit uhich fails ●t my given tim {ntSWd aha(~be
recorded ●s a failure imadletely fo[louing the previom neaaurmt and for ●ll @aaquant maauramta.
The mrwfacturer my ~ fai (ad s~ie mlts frcm the teat. 1 f the ‘Cti rsmbar predicted for the
mintawtca ~iod is ●meadad or the faf lure is attributed to m uxssual occurrence, the mfacturer sha
ititately mtify the ~ltfyhg activity (see 5.3.3).
hours

If ● faiiad s~le mit is not raaved, the teat
~letad ti~t to ita feilure shall not be recorded with the -lativa cqmnant hours. Al

fai lures occurri~ chri~ my FR test shell be reported to the qJSl ffying ectivity ●t the time of fai lure.
A(L FR data recorded ehal 1 be variables tvoe date: sttributea tvoa data ia not =cmt~le. excmt as

1

pamfttad in the ~(icable ER specification. Fi~re 1 type da;e eheli be - wa~lebLe-t#w! ;~tad by
the fiove~. A ~letive type record as shown en figure 2 shall be s~ittad to the qmlify{ng activity
at the md of each a@icable saintanance period (eea 5.3), or when requested by the ~lifYiw =tiVitY.

4.4 Were FR teat is known to be faulty as a result of teat ~i~t fei lure, the
teat date obtehad ehal 1 be antered in the test record ●tmg uith ● cmpletc ●xplanation d bitted to
the qlal ff ylrql activity. The Wl ifying activity shell determine whether the fei lure will be used {n the
COWutation of the FR level. There ahail be qLe technical end statist{cs[ evidence that the cause of
qipmt feilwe has bean ~ end will not recur in future prfition. iio FR ample lots cm be
removed frm test uithout the aW’OVSl of the qtatifying activity.

4.5 . FR quelificetim is m integrel phase of the total ~lificetim
r~irrnts in ER apacificetiom. The moctirea spscif i ad herein pertain onlY to the reliabil itY
ra@iraaants of th~ epacificatims. O&lification. ●t my FR tavet” shell
percent or a 90 percent cmf i dance 1wel. FR qJalificetion proca&rea ere

●. Proctire 1, WUalificatim at the initial FR Ievel* (see 5.1).

b. pr~re IX, o~Ext~im of tpalificatim to 10MW FR icvo LS” (s@S

c. Procedre 111, ‘Maintenance of FR levet tpalificationm (see 5.3).

be s~ifiad ●t ●ither ~ 6D
●s follow

5.2).

4.6 Jot con formance FR insoec tion orocedure (*en soeci f i-~. A lot conformance FR inspect im (procedure
IV, sea 5.4) may be specified then reliability essurmce beymd that guermtd by proca&re [i[ (see 5.3)
is required. The 1ot conf ommce FR i nspact im provides the manufacturer Mi th 8 high ●ssurance of
acceptance of product at the spat i f i ad FR Level, end at the sme time provides the consumer wtth reasonable
prottct ion against ecceptmce of products worse than the spci f ied FR level.

5
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6.7 l)isme itionof SMOLO units. SaapLeunlts subjected to extendad FR tests shaLl not be shipped. Uhen
the ER specification requires compliance with procedure IV end allow the ahipnent of lot confornsnca FR
inspection samples, these units may be delivered on the contract or order provided:

a. The

b. The

c. The

lot has passed the FR tests.

pert terminals were not soldered.

pert meets initial tolerance requirestents.

Y

Lot *r 1 Lot size I,LXX) Record no.

Xtes of product ion Sewle size 110 Test tsaperature

T me desi anetion in lot Quantity in lot Quantity in saaole

cLR25BD6uMGIl 500 55
CLR2SSE4(XXKM 5m 55

>otel unit hours
Totat unit hours Total unit hours since Last seas
since last mess since last seas

gl

NOTE :

Designated test time shell ba entered before life test is initiated.

only one faihme slwll be charged per unit rqardless of number of parameters failed.

All measurements which exceed rquire!sents shell be significantly aerked as failures by underlining
OF circling the measuressent.

FIGURE 1. Examples of FR test records.

6
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RELAY LIFE TEST RECORD

Lot date code: Lot record no.

I Part numbers in lot Quantity in lot Quantity in saaole

Sample serial
wmbers

Designated test
operations 1 /

Test aeesuraaants Welifa Post-Lif ● Pre-life Post-Life Pra-Life Post-1ife Pra-life m t-life Pre-Life Peat-lifQ

Dielectric

Insu lat ion
raaistancc

Coil currant

Coil resistance
1 1

Contact
resistance #l

contact
resistance #2

Ccmtact
--. : ------ #z
r-cslsbarrb= WJ I

contact
resistance #4

Pickup voltage

DroOout voltage

operate tiaa

Release tire?

Contact bounce

Failure to
overate

Contact ●iss

Contact sticking-
ytldina

Case fuse blown

Jnit operations

Fai lure

Total rnmber of unit operations: Total nmber of failures:

~/ To be designated prior to start of test.

FIGURE 1. Examples of FR test records - Continued.

7
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t date code: Lot record nUI?kW:

t size: Semp(e size:

rt nuhrs in lot: Quantity in lot:

Quantity in samle:

apta serial -m

ntact resistance

Isulation resistance

nit oparatim hours

otal ope rat i ng hours

ai lures

Xnit

et ore

IL—

@

—

—

—

11

tf ore her

5(

!f ore p&l

—

—

—

_

‘ter—

.

—

—

—

~

‘ter

FIGURE 1. Examples of FR test records - Continued.

8

Downloaded from http://www.everyspec.com



I! IL-STD-690C

ot record
usbar

mber of part!
n test

~tal nutir of
ours on test

‘ot a 1 number of
unit hours

ithout fai lure!
since last

rneasureaent

lumber of
failures
observed

:umulative
unit

failures

Note: A fai lure is essmed to have occurrd imadiately after tha previous raading. The fai Lure shel 1 be chsrgad but
the cmponent hours accuauLstad on tha fai Lad unit since the last measurement shal 1 not be antered.

FIGURE 2. Example of maintenance of FR level record.

9
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5. DETAILED REWIREHENTS

5.1 Procedure 1, “Qualification at the initial FR level”. Qualification at the initial FR level shall be
predicated upon accumulation of valid data meeting the requirements of 5.1 .2a or 5.1 .2b, as applicable. FR
tests shall be conducted for the specified duration and singla saqAe size. The qualifying activity a$y
grant quel i f i cat ion at a FR Level lover than that specified provided the menuf acturer perf or-s all tests
requi red for initial qualification and submits valid data f roe current production which substantiates lover
failure rates.

5.1.1 @licable data. Data ahe 11 b accumulated free saWle units selacted f roa a production run and
produced with equipaent and procedures noreel ly used in production. One of the prerequisites for valid &ta
is that aLl lots produced during the production period are represented. The data shall be froa the $a@
product in current production; i. ●., data f roe products of preceding designs shell not be acceptable.

5.1.2 FR aemiing PIWIS (FRSP).

a. Single sawling plans based on a 60 percent cmfidence level are provided in table X (see table IX
of appendix).

b. Single saqling plans based m a 90 percent confidence level are provided in table 11 (see table IX
of appendix).

TA8LE 1. FRSP-60.

I FR IWelified I Cumulative unit hours in ●illions I
I level I FR I (c = nuaber of fai lures permitted) I
Isyeboll Lwel ~/ t 1 I 1 I i I ) I I I {
II ~c=o Ic=l Ic= 2 Ic=3 ]C=k Ic=5 Ic=6 Ic=7 IC=8 Ic=9 Ic=1O I

I 1%/1,000 hrl I I II II I I
lL-1~/11 1( ’’n” m! divide!J by “L”! I I I I I I
In-1 1.0 [ .09161 .2021 .3111 .4181 .524 I .6291 .7351 .8391 .943 I 1.048[ 1.1521
[P-l 0.1 I .916 I 2.02 I 3.11 I 4.18 I 5.24 I 6.29 I 7.35 I 8.39 I 9.43 I 10.48 I 11.52 I
IR-I O.01 I 9.16 I 20.2 I 31.1 I 41.8 I 52.4 [ 62.9 I 73.5 I 83.9 I 94.3 I 104.8 I 115.2 I
Is-1 0. CX)I191.6 1202 1311 !418 1524 1629 I 735 1839 I 943 11048 11152 I

~/ For FR level expressed in teras other than %/lWC) hour, see 4. Ic end 4.ld.

~/ Mhere a FR level greeter then 1.0 percent is required, level “L” shell be specified and the cumulative unit
hours computedas shown.

TABLE II. FRSP-90.

) , 1 I
I FR Itilified I Cumulative unit hours in ❑ilLions I
i levell FR I (c = n-r of fai lures oernitted)
i symbol i level Ii I I I I I 1 I 1 1
II Ic=o Ic=l Ic= 2 IC=3 Ic=4 Ic=5 Ic=6 ~c=7 Ic=8 ~c=9 ic=10 I

I I 1 1 I 1 1 I 1 t I 1 1
[ 1 i

I 1%/l,O(KIhrl I I I I I I I I
IL -1 ~/ j ](”M” m! divide!l by “L”! I
II! : ~ :.: I .2301 .3891 .532 I .6681 .7991 .927 I 1.0541 1.1711 1.3031 1.421[ 1.5441

1P ] 2.30 I 3.89 I 5.32 I 6.68 \ 7.99 I 9.27 I 10.54 I 11.71 I 13.00 I 14.21 I 15.44 I
IR - I 0:01 I 23.0 I 38.9 ~ 53.2 I 66.8 I 79.9 I 92.7 I 105.4 I 117.1 I 130.0 [ 142.1 I ?54.4 I
Is-1 0.001 1230 I 389 1532 1668 I 799 1927 11054 11171 11300 I 1421 11544 I

II For FFf level expressed in terms other than %/1000 hour, see 4. Ic and 4. Id.

~/ Uhere a FR level greater than 1.0 percent is rqui red, level “L” shall be specified and
the cumulative unit hours computed as shown.

10
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5.1.2.1 True failure retes for FRSP-60 end FRSP-90. Table 111 gives tuo points on each of the operating
characteristic curves for FRSP-60 end FRSP-90, as folbfs:

a. The true failure rates rquired of the product so that the process will qualify 19 times out of 20;
and

b. The true failure rates of a product whose process will fail to qualify 9 tiaes out

TABLE III. True failure rates for FRSP-60 end FRSP-90
(pram red for 1%/1,000 hr FR level).

I tirof I True product failure rate
I feilures I rquiredto qualifya
I permitted I process 19tiaes out of 20

(%/1,000 hour)

‘

/ I 1-
1 : I :.% I :.5
I I I
1:1 0:26 I 0:15

\ o-= / :.:033

~:
I 0:42 I 0:28

1;1 0.45 0.31

I I 0.47 / :.:
1:1 0.50 I
I I 0.52 I 0:3s

I 10 I 0.54 1 0.40

True product fai Lure rate
which would fail toquelify
● process 9 tiaea out of 10

(%/l,ooo hours)

FRSP-60

2.51
1.92
1.71
1.60
1.53
1.47
1.43
1.41
1.3s
1.36
7.34

FRSP-W

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

of 10.

NOTE: For other then H (1%) FR level, divide above FR values by 10 for P (0.1%) level; by ICK)for other
than R (0.01%) level; by 1,000” for S (0.001%) level. -

. .

5.1.3 Failure FR test. All ee~le units subjected to the specified qualification test shetl be
aaintainad on test for the total tiae specitled for the extended FR teat.

5.1.4 Failure to qualify. Uhen the nusber of failures peraitted is exceeded, the manufacturer shall
discontinue the FR test and shel L notify the qualifying activity. The manufacturer aey request approval to
reinstitute quell ficetial testing on a new set of sa~le units provided the failures have bean malyzed erxl
the cause of failure has been corrected as specified in RIL~STD-790.

5.?.5 Details to be SPSC ffted. The following details are to be specified in tha ER specification:

a.

b.

c.

d.

e.

f.

Xnitial FR Level s-l end FRSP-60 or FRSP-90, as applicable (see 5.1.2).

Duration of ER test (specify rated, and where applicable, accelerated conditions) (see 5.7).

Number of sample units to be inspected and number of faihres permitted for FR test (see 5.1).

Duration of extended ER test (specify rated and, where applicable, accelerate conditions (see
5.1.3).

Number of samples to be continued on FR test (specify rated and, uhere applicable, accelerated
conditions (see 5.1.3).

Failure criterie (see 4.2).

?1
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5.2 Proceduro 11, “Extension of me lificetion to bar FR lwet!. The manufacturer my mtmd the
qualification grented under Procedure x to a louer FR level. APPFOVai by the qUStifyi~ ●ctivity Of such an
extension shall be based on the saae saapling plan, test duration , end fai Lure criteria of Procedure I end
the additional criteria prescribed in this procedure.

5.2.1 Applicable data:

a.

b.

c.

d.

●.

Date shall be accumulated from ER tests performed during qualification et the initiel FR level
maintenance of quel if i cat ion, and ●xtended FR tests, and when specified, from lot conformance FR
impaction.

Any data used to extend qualification shall inclde the results of all FR tests perforaed during the
prrxluct ion period represented by the data. Date shal L represent successive inspection tests
starting uith current production to the date of the ohieat data subaitted.

Unless ●pproved by the qualifying ●ctivity in accordance uith RIL-STD-790, tha data shell represent
a product which haa not changed si~ificmtly (in taras of procaas, aeterial, design, or
construction) during the prtxhction period.

Extension of qualification to levels “P”, ”R”, or “S” shell not be granted based upon data uhich are
uhol ly f roa in~lete FR tests. As a ●iniua, data froa ~Leted FR tests m the saaa aeaple size
as that required for initial qualificetim shell be included in the total data submitted. Where the
ER specification contains specified life acceleration factors and ●ssociated accelerated life tests,
data froa coapleted acceleretd life tests shell be considered as equivalent to data froa ~Leted
extended FR teats.

Data f roa FR tests conducted to specif i cat ions other then the ER specif i cat im for which
qualification is desired asy be subaitted for consideration to the qualifying activity. C~lete
inforaat im concerning the spacif i cation tested to the test procedures, requi reamts, etc., should
be provided to support the validity of the data. Only data generated under conditions -l to or
sore stringent then those specified in the applicable ER specification shell be considered as valid.

5.2.2 Extent and limitation of coveraoe. Extensim of the initially qua~ified FR Level to the next tower
level sha Ll be within the same liaits of qualification coverage as the initial quetificetion submission.

Example: iihen initia~ qualification is limitti to the individual style subaitted, the next louer FR Level
qualification shell be on the saae basis. ilhen axtension of a qualified level to tower Levels (such as
“P” (0.1% /l, CKK) hrl to “R’’(O. 01%/7, CKX) hr) or “R” (0.01 %/1,~ hr) to “S” (0.001 %/1,~ hr)) is involved,
consideration aey be given to the -ining of data f ra two or sore styles of siai lar construction. In
these cases, when peraitted by the ER specification, permission to ~ine the data shall be obtained froa
the quetlfying activity end shall be based on the simi Larity of design, construction, aeterials, and
rqui rmts of the styles involved. ilhen data froa two or sore styles are ~ined, the data shall also
be separately recorded for each style. Extension of qualification she(l cover only the styles repreamted
by the data.

5.2.3 Details to be soe Cified. The extent and limitatim of coverage (see 5.2) is to be specified in
the ER specification.

5.2.4 Extension of fai lure rate Co@ionel). Manufacturers say designate, at their option, specific
samples to load on Life test for the sole purpose of acc~lat ing hours to extend a failure rate. These
s~les aust be randoaly selected f roa the aenuf ●cturer’s production and cover the ful 1 range of values
that, upon successful completion, wi11 provide for fai Lure rate ●xtension. The test hours awwulated for
this test cannot be used by manufacturers as pert of their f ai lure rate maintenance testing (see 5.2.2).
If this option is chosen, the manufacturer shatl notify the qualifying activity:

a. That this option is being used prior to loading samples.

b. Detai 1s of the sastple parts that wi 11 be used in the upload (date codes, values, stylas, etc. )

c. Prior to discontinuing the test for any reason. NOTE: The qualifying activity has the option of
rqui ring the ssnufacturer to do a complete fai lure analysis on fai led test samples and rqui re the
manufacturer to notify customers of affected products.

12
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5 3 pmc~ure IX], Waintenence of FR level aUSlifi Catim”:

8.

b.

c.

d.

e.

5.3.1

a.

Pleintensnce of quelificatim at the qualified FR level shal L be predicated upon compliance with the
requirements of 5.3.2. The qualification maintenance period shell be specified in the ER
specification, and is not an option to be selected by the aenufacturer. At the beginning of each
qualification maintenance period, the mnufacturar shell elect and record the Wit-hour requimaant
(“C” number) that will be Inet within the qualification maintenance period specified and notify the
qualifying activity. If a manufacturer selects a different unit-hour “C” requirement than used
during the previous qualification maintenance period, the manufacturer is rquired to notify the
qualifying activity of this change at the beginning of, or prior to, the new maintenance period.

The maintenance period in effect shatl not be changed, regardless of the unit-hours accumulated.
Unit-hours that ●xceed those requird for the asinteneme period shall be at the aenufacturer’s risk
(within the original “C” n-r). Hovever, these unit-hours ny be used for failure rate extension.

Qualification shell be maintained periodically, in accordance with 5.3.2, as long as the product
raaeins que Lified at any given FR leveL.

The saae ~ination of data parmittd in establishing lower FR Levels (see 5.2) may be used in
maintaining these FR levaLs. Nouever, the FR leval established in accordance with ProcaAre I shall
be maintained separately for each style qualified, unless otherwise specified. If qualification has
bean granted at tha “R” or “S” leveL and production is not sufficient on each styLa to mintain the
unit hours required by table IV, the ●inimm !n&er of unit hours required for any one style vould
be the unit hours required to mintain that style at the “P” FR Lwel. These unit hours eey be
obtained f roa units which are on extandd FR tests or f ma parts manufactured for test. Data aay be
cc4ined f ros all simi lar styles for the reosining unit hours required for the “R” or “S” FR level.
In instencas where qualificetim by similarity is not detai Led in the applicable specifications,
determination of si~i Larity and information regarding consolidetim of data is to be obtained froa
the applicable -ilitary specificetim and the qualifying activity. W qualifying activity has the
opt ion of styLe groupings if excessive failures occur in MS particular styla.

Where the menufacturer determines that they wi L 1 not meet the minimum unit hours required during the
maintenance period, the qualifying activity shal L be notified immediately.

Applicable data:

Data free all FR tests underway or codined during the applicebla qualification asintanence period
(see 5.3.2) shell be applicable. Only that portion of the data generated *ring the maintenance
period shall be applicable. specifically tha eourcas of thesa data ●re:

(1)

(2)

(3)

beta fra initial qualification samples that were mintainad m test for ●xtended FR testing (see
5.1.3).

Data accuaulatsd f roa samples subjected to the FR tasts spaci f isd for lot conformance FR
inspection when this procedura is specified (see 5.4) . This includes both data fros the
reLat ivaly short t iae lot cmf or~nce FR test as weL L aa the data generated from those samples
continued on the extendad FR test.

Data accumulated froa saaoles subiectad to extended FR tests in those specifications vhere lot
conf ornance FR inspection” is not ~pecif ied. In these specificetims, test eaaples shell be
selected f mm each inspection lot. These aamptes sha 11 be accumulated and placed on the
specified extended FR test at Least once a month or on a Lot-by-tot basis. A ●inimum samp Le size
frm each Lot shal( be specified, however, the manufacturer may increase this senpLe size so that
the unit hours generated within the specified qualification maintenance period meet the
applicable rqui rements of table.

b. During the FR tests, parameter measurements shal( be made periodically as specified. The data so
accumulated since previous measurements shal 1 be recorded and added to the total unit hours
accumulated from the beginning of the qualif i cat ion maintenance period. Data sha L 1 be recorded from
al t samples on test during the maintenance period whether or not they are from inspection lots
formed during this period.
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c. The data she 11 be rapresentat i we of the styles end ranges of values produced over the production
period covered by the applicable maintenance period.

d. Data fron FR tests cmp~eted during previous uelification maintenance periods shall not be used
“?”(this data may be used for extension of qualI lcatlon to a lover FR level).

5.3.2 FR semlim IJlans. Single sa~ling plans based on a lo-percent confidence level are providd in
FRSP-10 table IV. Tabte V gives two points on ●ach of the operating characteristic curves for FRSP-10, as
follows:

a. The true fai Lure rates required to aaintain qualification 19 tiees out of 20.

b. The true failure rates which uould cause disqualification 9 tisas out of 10.

TABLS IV. FRSP-10.

I I I I I
I FR lQuali-lWelificationl Cuwlativa unit hours in sillicms
Ilevel Ified ~~aa~nance ~ (c = n*r of fai Lures permitted)
Is*lIFR ~

lLeveL I(inmntha) I

I i~/j 1
1 1 I [ 1 1 I I I I r I {

II lAl Blclc=O1c =llc=21c=3 Ic=41c= 51c=61c=71c=81c =91c=IoI

IL --’
I I

Iiy 1316!y! \
) I I r I 1 I I I

(“M” row divided by “L”) I
lM --

11111
11.0 I 316 1~/ 1--- I .0532~ .1101 .1751

lP --
.243 I .3151 .389[ .4671 .5441 .6231 .7011

]0.1 I 6 19 16 l--- I .532 I 1.101 1.75 I 2.43 I 3.15 I 3.891 4.67 I 5.441 6.23 I 7.01 I
lR -- 10.0 I 9112 124 l--- I 5.32 I 11.0 I 17.5 ~2~.3 I 31.5 138.9 146.7 I 54.4 162.3 170.1 I
Js -- 10.001 ~12 ~15 1--- \l~;5 153.2 II1O 1175 1315 ~389

I_
1467 ~544 1623 Im I

1111 IllI 1 1 1 1 1 1 1
Expressed in %/l, OW hours. For FR level expressed in term other then %/1,000 hour, see 4.lc and 4.ld.

Where a FR leve~ greeter then 1.0 percent is required, level “L” shall be specified and the cumulative unit hours
computed as shown.

Each lot.

Applicable to FR level “S” only.

TABLE V. True failure rates for FRSP-10 (pr~red
for 1 percent per 1,000 hours FR OsveL).

I Nuaberof I True failure rate I True failure rate
I failures I required to asintain I which vould cause
I permitted I qualification 19 times I discpslification

I I outof20 I 9tiaasoutoflo

iyi (c)

I
Ill
121

3

!4/
15

6 I
!71
181

(%/1,000 hrs)
0.49
0.67
0.74
0.78
0.81
0.83
0.84
0.85
0.86

1
I

]

191 0.87 I 2.3
10 0.88 2.2

1 I 1

I

I

I

(%/7,000 hrs)
21.8

7.3
4.8
3.8
3.3
2.9
2.7
2.5
2.4

Not e: For other than M (1 percent) FR level, divide above FR values by 10 for P (0.1 percent)

level; by 100 for R (0,01 percent) level; or by 1,000 for S (0.001 percent) level.
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5.3.3 Failure to maintain FR level qualification (se. 4.32. Fai lur~ to maintoin ● qualified FR Lsvel in
accordance with 5.3 shell result in loss of oua Lificatlon at that FR LweL. Loss of auallflcatlon to ● FR
shal L take place at my time during the qual~f i cation maintenance period when the -r of fei lures
recorded ●xceeds the number of fai lures parrnitted. The extant of the product affected by the loss of
fai lure rate wi 1 L be deterninad by the qualifying activity and may inc Lude al L product represented by the
unit hours on test during the aaintenmce period in question. If, hovever, tho -r of fai Lurm recorded
exceeds the number of fai Lures permitted (i. e., “C nusber”) by one, the cfuaLifying activity say permit the
sumufacturer to mdify the test plan in an effort to maintain the original failura rate LeveL. This
modification to the test pLan shall only be aLLoued one time per maintenance period, shell onLy be allowed
to tha next higher “C” nutir, and shal L only be alloved with qualifying activity approvaL foLloving
eva Luat ion of the nature and cause of the f ai lure. FR data sha LL be reviewed by the qualifying activity to
justify reastabtishwnt of qualification at a higher FR leveL. ReastabL ishaant under these ci rcuastances
shall be to FRSP-60 or FRSP-90 (see 5.1 .5a). ALL data generated over the production period (corraspmding
to the qualification maintenance period in FRSP-10) shal L be revieud in reestablishing qualification. FR
data shall include the dato which caused disqualification. To extend qualification free the reestablished
FR LeveL to the Louest leveL held, the manufacturer ahaLL be required to east the ease requiramnts
specified for Procedure 11 (sss 5.2). Rauwal of life test ~les that have fei M during performance of
the life test shaLL be in accordance with the fol Loving:

●✎

b.

c.

Wan the fsilure of ● ae@e is within the W$ -r predicted for the mintenmce perid, the

~factursr is parsd ttad to r~ve the fai lad sWLe mit from the life teat. Prior notlfftatim
md -oval by the +slifying activity is not r~ired M long as the “C” -r fa not exceeded.
Life teat data ●ssociated with the fai[ure as wet 1 as the failure itself shall be comtad toward
meti~ the maber of tnithours and selected ‘C” *r for the maintenance period. manufacturers
●re not perdtted to discard any smple(s), Life teat data, or failures without prior notification

md~oval by theqalifying activity.

Uhen the fai (ure of a sasple resuLts in exceeding the specified “C” tir for the aaintsnsnce
period, the manufacturer is persi tted to rasove the saqle(s) f roe the Li f ● test at the
eanuf acturer’s risk and shal 1 notify the qua L if ying activity iaadiateLy. Nanuf acturers are not
permitted to discard any sanpLe(s), Life test data, or failures without prior notification and
approveL by the qualifying activity.

When Li f ● test fai lures are attributed to an unusua L occurrence (e. g., test aquipaent eaLf unct ion or
fai lure) the manufacturer is persitted to rasove the saspLe(s) f roe the life test ●t the
menuf ●cturer’s risk and shat L notify the qualifying ect ivi ty imediate(y. Manufacturers ere not
permitted to discard any sesple(s), life test data, or fai lures without prior notification and
approval by the qualifying activity.

5.3.4 *lottim f~f~~e r ●te aaintanence ora~. fo{lue rstae R mdSo@YC~ . The
mmufecturer my selectthe ●blotting proctie ●t his opti~ uith wlifying activity qqmwal. Wwn
aehctirw the adlottimg option,the aanufactutwr shall admit ● stblot proc@ma plan to thewlifyinn
activity prior to the inittstion of the mintamnca period. The mblot procaduw is used to
~trate/velidate failure rate tevels for each sdot in additim to theoverallfailure rate (sss 5.3).
Theprocedwa plan shall incLde:

a. The overal L “C” nutir end unit hours seLect4 for the overall plan.

b. The definition and description of individual subLots (styles, combination of styles, values, and
vaLue ranges, etc. )

c. The “C” nusber and wit hours for the individual sublet (sea 5.3a).

NOTE : The individual subLot unit hours she Ll seet or exceed the unit hours raouired by the individual
II Nc

d.

e.

f.

nuaber for the fai Lure rate level (see tabLe IV).

The sum of individual subLot unit hours shal L swator ●xceed the unit hours required by the overall
‘C” number for the faiLure rate Level (see tabLe IV).

The combination of subLots and ranges seLected shall meet the requirements of 5.3. Ic, except as
rqulred to meet the minimum unit-hours requirement.

A(( changes to the previously accepted pten sha((
qud{fying sctivity. The sdnission and approval
maintenance period.
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5.3.4.1 Feilure to meat overall “C” number. The following criteria only ●pplies uhera theoverall “C”
number has bean axceadad: Mhere the combined lot subi ssion exceeds the selected “C” = nu~r, the
sublott ing plan is reviewed to determine if the subtot numbers were ●xceeded. If fai lures have occurred in
cmly one style above ●nd beyond the stated limit in the subletting table, thosa styles that did not ●xceed
the sublet “C” = number can be released with the qualifying activity’s approval. Where a “C” number has
been exceeded for more than one sublet, the manufacturer has fai Led to maintain FR and shall notify the
qualifying activity and proceed as stated in 5.4.4.

5.3.4.2 Overall “C” number not exceeded. Uhere the overall “C” number is not ●xceeded, evaluaticm of the
individual sublet is not required, ●ven though the individual sublet “C” nuabar is ●xceeded.

5.3.4.3 Example of sublet calculation. The foLLouing example provides guidance for use of the sublet
maintenance option (sea table VI):

a. Five styles are combined for “S” failure rate Level under period A.

b. AC= 2 failure rate maintenance plan is ●stablished for a 12-month period.

c. This requires 110 ●ilLion unit hours for the 12-mnth period.

TABLE VI. Exaade of sublet calculation Dlan.

I t
Failures occurring I

I
I I 1 I I I

I (Exaqles) I
Unit hours lC=#~ A ~ B I Cl D I E ~

t 1 I I I I I
lSublotl>or= 10.5=illion I O II 10121011 I

I 1 I I I I
I SubLot 2 >or = 53.2 million I 1 I 1 I 21 1 Iolol

I
1 1 ( 1 1 1

I i
lSublot3>or= 10.5rnillion I O I 1 I 0101 0 I 1 I

I r I I 1 1
I Sublet 4 >or = 10.5 ●illion [Ololllololol

1 I
I Sublet 5> or= 10.5 million iololoio!3io~

I I I I

I Total > or = llO.O nillion Ic=21 1 i 1 i ~

5.3.5

a.

b.

A. Al L sublets

B. All sub~ots

c. only sub~ot

D. &lLy sublet

E. Overall “C”

affected by reduction of fai lura rate

affected by reduction of fai Lure rate

“l” affected by reduction of fai lure rate

“5” affected by reduction of fai lure rate

number not ●xceeded; a 11 lots acceptable

Details to be specified. The foLlowing detai 1s are to be specified in tha ER specification:

Applicable qualification maintenance peritxl (see 5.3.2). For those ER specifications where
Procedure IV is specified, the maintenance period designator letter shall correspond to the lot
samp[ing plan letter of Procedure IV, e.g. , period “A”, when plan “A” is $pecifi~.

Data comblnat Ions permitted (see 5. 3d).

16
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5.4 Procedure IV, “Lot conformance FR inspect icm”. Uhere Procedure IV is specified (Bee 4.6), ample
units shell be selected et random from each inspection lot. As far as practicable each style, value, class,
grade, etc., allovad in lot formation, which are in the lot formal, shall be represented in the sample in
approximately the sase proportion as in the inspection lot. Permissible combinations of styLes and values
represmtad in the inspection lot shal 1 be the same combinet ions pemi tted for Procedures I and 11.

a. The minimum number of sample units to be subjectd to lot conformance FR inspection shall be as
specified in 5.4.1. Manufacturers may test Larger sample sizes than indicated herein; the number of
fai lures permitted shall be 1.

b. Uhen the volume of prcduct ion or the f raqumcy of orders are such that, temporari Ly, c~liance with
this procedure presks an economic problem, the qualifying activity shal 1 be
discretion of the qualifying activity, alternate sample sizes and aeintenmce
provided.

5.4.1 Samlifm plans. Unless otherwise specified in the ER specification, the lot
sampling plans shell be as specified in table VXI.

TABLE VI 1. Lot conf ormence FR plan.
t r 1 1

i I Sample size for Lot I Nu@m of I
FR leveLs I conformance plan I faitures I

cont~ctad. At the
periods shalt be

conformance FR

5.4.2 Extended FR tests. A minima nuabar of semple units as specified shell be selected at randoa from
each inspection lot and subjected to the specified extendad FR test. The amufacturer my
samp Le size froa Lot to lot , if desired, in order to deveLop the necessary ntir of unit
rquired for Procedure 111 or IV; however, each sample shalt be tested for the full length
for Procedure 1 (see 5.1.5d). The units aeLectad for the axtendad FR test aay be ●ither:

a. Froa those subjected to Lot oonforaanca FR inspection tests of Procedure IV, or

increase this
hours of data
of ties specified

b. Froa raaaining units in the inspection lot. In any case, the units to be subjected to the extendad
FR test shall be predeterained before any FR tests are initiated. The extended FR test my be
●ither initiated periodically with units accuuLatad froa each inspection lot, or my be initiated
on a lot-by-Lot basis. The units selected for extended FR tests from each Lot shall be
represmtative of the styles and values included in the lot to the maxima ●xtmt possible.

17
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5.4.3 Action in case of failure:

a. Uhere the lot conformance FR inspection enables ●ar ly shipmnt of an inspection lot, a f ai lure, to
the lot conformance fai Lure definition, should result only in disallowing early shipment of the
inspect ion lot. If continuation of the test to the full qualification period does not result in an
unacceptable number of fat lures, to the fai lure definition, the inspection Lot WY then be ahippd.

b. Those units in a rejected lot uhi ch were predesignated for extended F!t testing she 11 ●ither reeain
or be placd on test for the full length of ti=.

c. Failures in excess of those permitted during extendad FR testing shall be reported to the qualifying
activity, and to all knovn recipients of the parts free the inspection lots represented by the
ee~la.

5.4.4 Detaile to be ●vacifiad. The follouing details we to Im qacifiad in the ER apacificatim uhan
Procdure IV ia utilized:

a.

b.

c.

d.

e.

Lot confomame plan (the plan letter shall correspond to the qualification maintenance period
letter of FRSP-10) (sss 5.4.1 and 5.3.2).

Duration of lot conformance test.

Failure criteria (sss 4.2).

Permissible codination of styles and values that may be repreemtad in en inspection lot (sss 5.4).

Disposition of seaoles and inmection lot (ship semles with the lot, ship lot at specified test
period, keep sampl& on test, etc., ) (see 4.7)’.

5.5 Procedure for truncation of Life test data. Truncation shall not be used to avoid a change in the FR
level. The truncation point shall occur, with the qualifying activity’s approval, ●ither:

● . After life test fai lure(s) has occurred and an assignable cause has been found end corrective action
acceptable to the qualifying activity has bean successfully iaplaoented.

b. Following i~laaantation of a nev design or process im mvament end a fai lure rate ●xtension is
being sought.

An i~roved FR shalL not be granted by the qualifying activity unti 1 the first test samples after the
truncation point have completed the teat. If the truncation prucadura is used, no device shall be taken off
test even if the data generated by the device on test is not to be used for dateminat ion of the ‘new” FR.
FR shell be maintained for the currant aeintanance period. ltandoa failures are not ceuse for trmcetion,
and trmcetion shall not be used to avoid t! change in the FR level. Also, truncation shall not be d if
the ceuse of the fai lure(s) cannot be datermind.

18
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6. NOTES

(This section contains inf ormetion of e general or ●xplanatory
nature that may be heLpf ul, but is not mandatory. )

6.1 FR Level conversion. FR levels my be converted to aean tiae to fai Lure (MTTF) as follws:

MTTF = 100,000 + %/l, OCXl hours.

ExaepLe: Uhere FR level P = .1 percent per l,OW hours.

MITF = IO0,0U2 + .1 = 1 failure per 106 hours.

6.2 CoaDU tation of the unit-hour raw i resent. Table VIII is ● coaplete PoiBson distribution table that
is suitable for coaputing unit hours. To calculate mit hours with a ‘C” nukm of O (for tables I, 11, or
IV), detemine the probability of acceptance (Pa) by subtracting the FRSP value (.60, .90, or .10) ha 1.

Exeaple: Pa = 1 - .60” .40

Froa the Poisson tebLe, find .40 under the C = O colum. This valua of ‘m” is found, by interpolation, to
be .916 for level H qualification and “m” in the table is the total of failure rata I (Lambda) aultipliad by
the tiBe (test hours).

unit hours = a + A (lX/l, WO hours).

unit hours =m+i =.916+ .IXID’l = .09’16 ●illion hours.

Values for P, R, end S levels are fwnd by m.tltiplying the previous Lavel by 10.

6.3 COSPU tation of the true failure rate. Table VIII is used again to coapute the true faiLure rates for
qualifying 79 of 20 ti~s end for rejecting 9 of 10 tires. To calculate the true failure rate to accept 19
out of 20 tiaes (=.95), lcmk up .% in the C = O coluan (interpolation is needed). The value of “m” is found
to be .051. Referring to paragraph 6.2, I (true failure rate) is found by dividing “a” by the tioe for
FRSP-60.

Rapeat the process to determine the true failure rate for FRSP-90.

To calculate the true failure rate to reject 9 out of 10 tines (Pa “ 1 - .90) look UP .10 in the C = O
CO1- (interpo Latim is needed). The value of “Q” is found to be 2.30. Referring to paragraph 6.2, ~
(true failure rate) is found by dividing “m” by tiae for FRSP-60.

Example: I=n+t= 2.30+ .0916 rnil Lion hours = 2.51% per I,(XJO hours.

Repeat the process to calculate the values in table V.

6.4 subject term (key word) listinq.

Confidence Leve Ls Fai Lure rate sampling pLan (FRSP)
Cum Lative unit hours Maintenance of qualificetim
Established Reliability Qualification
Extension of quelificatim Qualifying activity
Fai Lure rate (FR) Truncatim of data

6.5 Chmqes from previous issue. flarginal notations are not used in this revision to identify changes
with respect to the previous issue due to the extensiveness of the changes.
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TABLE VIII. Cumulative Poisson rmhsbi lities.

rc
m

0.01
0.02
0.03
0.04
0.05

0.06
0.07
0.08
O.w
0.10

0.12
0.14
0.16
0.18
0.20

0.22
0.26
0.26
0.28
0.30

0.32
0.34
0.36
0.38
0.40

0.42
0.44
0.46
0.48
0.50

0.52
0.54
0.56
0.58
0.6C

0.62
0.64
o.6t
O.@
0.7C

O.n
0.74
O.?t
o.7t
0.8(

o

.990

.980

.970

.%1

.%1

.942

.932

.923

.914

.905

.887

.869

.852

.835

.819

.803

.787

.m

.756

.741

.726

.712

.698

.684

. 6m

.657

.644

.631

.619

.607

. 59s

.583

.571

.560

.549

.538
.527
.517
.507
.497

.487

.477

.4M

.458

.449

1

.~ ~

.Om

.Ooo
.999
.999

.998

.998

.97

.996

.995

.993

.W1

.988

.986

.982

.979

.975

.972

.%7

.%3

.959

.954

.949

.944
.938

.933

.927

.922

.916
.910

.904

.897

.891

.885

.878

.871

.865

.858

.851

.844

.837

.830

.823

.816

.809

2

.Ooo

.Ooo

I.m
I.om
I.000
I.000
I.000

I.000
Iwo
.999
.999
.999

.998

.998

.998
.997
.996

.996

.995

.994

.993

.992

.W1

.990

.988

.987

.986

.984

.982

.981

.979

.m

.975

.973

.971

.968

.966

.963

.%1

.958

.955

.953

3

I.000
1.000
1.OCO

1.WO
1.(IW
I.000
I.mo
1.000

l.m
1.mo
.999
.999
.999

,999
.999
.999
.998
.998

.998

.998

.997

.997

.997

.996

.996

.995

.995

.994

.994

.993
. W2
. W2
. WI

4

I.000
I.om
1.(M)

1.000
I.000
1.000
1.000
I.ml

1.000
1.000
I.000
I.000
Iwo

1.00C
.999
.999
.999
.999

.999

.999

.999

.999
999-

5

1“001
I.ool
1.00(

I.m(
I.m
I.oll
I.oa
I.ocl
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TAME VIII. Cumulative DO iseon Drobebitities - Continued.

~

c

0.82
0.84
0.86
0.88
0.90

w
o.%
0.98
1.00

1.10

: :E
1.40
1.50

1.60
1.70
1.80

::E

2.20

:::
2.80
3.m

3.20
3.40

;::
k.oo

4.20
4.40
4.60

$:

5.20
5.40
5.60
5.8a
6.00

6.20
6.40
6.60
6.80
7.00

7.20
7.40

;:;
Ll_OQ

o

.440

.432

.423

.415

.407

.399

.391

.383
.375
.368

:E
.2n
.247
.223

.202

.183

.165

.15a

.135

.111

:E
.061
.05a

.041

.033

.027

.022

.ms

.m5

.m2

.mc
-w
.007

:E
.(mi

:E

.Ooi

.Ooi

.m

.001

.Oo1

. ml

.001

.001

.00(
(xx-

1

.802

.794

.787

.780

.772

.765

.758

.750

.743

.736

.699

.663

.627

.592

.558

.525

.493
.463
.434
.406

.355

:2
. al
.199

.171

.147

.126

.107

.092

.078

.066

.056

.048

.040

.034
,029
.024
.021
.o17

.ms

.m2

.ma

.009

. m7

.006

.005

.004

.U)4
~

2

.950

.947

.944

. 94a

.937

.934

. 93a

.927
,923
.92a

:%
.857
.833
.809

:%
.731
.704
.677

.623

. 57C
.518
. w
.423

. 38C

.34(

:=
.2%

.27C

.185

.161
.74:

.125

. m

.09!

.08i

. Ofi

.O&

.054

:H
.034
. 03(

.025

.OZ

.01$

.01(
~

3

.990

.989

.988

.988

.987

:E
.983
.982
.981

.974

.966

.957

.946

.934

.921

.907

.891

.875

.857

.819

.779

.736

.692

.647

.603

.558

.515

.473

.433

.395

.359

.326

:2

:%
.191
.17C
.151

.134

.11$

.105

.093

.08z

.072

. Q6z

.055

. O@?
~

4

.998

.998

.998

.998

.998

.997

.997

.997

:E

:Z
.989
.966
. ml

.976

.970

.964

.%6

.947

.928

:%$
.848
.815

.781

.744

:Z
.629

.590

.551

.513
.476
.440

.406

.373

.342

.313

.285

.259

.235

.213

.192
.173

.156

.140

.125

.112
~

5

.Ooo

.Ooo

.Ooo

.CM30

.Ow

.Ooo

.Ooo

.Ooo

.999

.9W

.999

.998

.998

.997

.996

:Z
.990
.987
.983

.975

:E
.935
.916

.895

.871

.844
,816
.785

.753

.Z?O

.686

.651

.616

.581

.546

.s12

.478

.M

.414

.384

.3s5

.327

.301

.276

.253

.231

.21a
@

6

:%

.Oao

:E
.999
.999

.999

.998

.997

.997

.995

.993

.988

.Wt

.976

.966

.955

.942

.927

.909

.889

.867

.844

.838

Xl

:E
.67C
.6X
.60f

.574

.542

.511

.48C
-45C

.4X

.392

.365

. 33e
~

7

.Oal

.Ooa

.Ooc

.999

.9W

.9W

.997

.995

.992

.98e

.983

.9n

. %s

.96C

.94$

. 93t

.921

.905

.887

.867

. ~:

.82i

.797

.771

.74

.nt

.687

. 65t

. 6Z
- 5%

.565
,535
.51(
.481
45:-

&

l.cm
1.Ulo
1.000

1.000
.W9
.999
.%8
.996

.994

.992
.988

:%

.972

.964

.955

.944

.932

.918

.903

.886

.867

.847

.826

.803

.78a

.755

.729

.703

.676

:%
~

\

c

I

5.60
5.80
6.00
6.20
6.40

6.60
6.80
7.m
7.20
7.40

7.60

::g

9

i .Ooo
I.aoo

.W9

.999

.95S

.997

:E
.992

:=
.980
.975
.968

.960

.951

.941

.929

.916

.902

.886

.869

.850

.830

.810

.788

.765

.741

.717

I
15 16

I.CUJO
I.wa

.999 1.000

.999 I.000

.999 1.000

.999 .999

.998 .999

.998 .999

.997 .999

.9% .9X!

.995 .998

.993 .997

.992 .996

~

1.000
1 .alo

1.Om
.999

:E
.997

:E
.992

:=

%
.972
.%5
.957

.949

.939

.927

.915

.901

.887

.871

.854

.835
~

Jl_

I.ooc
1.0(%

.9W

.995

.995

.9W

.997

:%

.992

.99(

. 9M

.984

.98f

.97!

.%$

.96:

.95!

.947

.937

. 92(

.91:

. 9(X
w-

17

:!%
.Wa

:E

12—

.mc

.Ooc

.00(

.9%

.9%

:E
.9%

:E.99?
.Wf

.98!

.981

. 98i

. 9T

.9i7

.96i

.%’

. 95A

. 94!
93(-

18

?.aoa

I.ooc
1.CUC

999-

’13

1 .m
1.00(
1.OCX

.99!

.9%

.99!

.WQ

.Wi

.99(

.99!

.99

. w:

.99(

.98

.9&

.984
. 97(
. 9i-
96(-

19

14

I.m

I.m
1.00(
.W!
.9%
.9%

.W1

.991

.9W

.99(

. 99J

.99

.W

. 98{

. 98(

.98:
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TABLE VIII. Cumulative DO isson mobebi lities - Continued.

Lc

8.2
8.4
8.6
8.8
9.0

9.2
9.4

;:;
10.0

10. s
11.0
11.s
12.0
12.5

t3. o
13.5
14.0
14.5
15.0

16.0
17.0
18.0
19.0

0

.CK1

.00(

.Oa

:%

.Oa

R
.00

1

.003

. CK12

.002

. ml
-ml

.Oo1

:%
.Oo1
.000

.Cm

.Om

.Ooo

.OcK)

2

.012

.010

.009

.007

.0Q5

3

.037

.032

.028

.024

.021

.018

.m6

.o14

.012

.mo

.007

.005

.003

.002

.002

. ml

.Om

.(IW

.Ooo

.Ooo

4

.089

.079

.070

:E

.049

.043

.038

.033

.029

.021

.ms

.ml

.008

.m

:%
.CN12
.W1
.Om

.Ooo

.Ooo

5

.174

.157

.142

.128

.116

.104

.093

.084

.075

.067

.050

.038

.028

.m

.(YI5

.ml

.008

.006

.CX)4

.W3

. ml

.Om

.Ooo

6

.290

.267

.246

.226

.207

.189

.173

.157

.143

.130

.102

.079

:E
.035

.026

.019

.m4

.010

.008

.004

:%
~

7 8

.565

.537

. SW

.482

.456

.630

:%
.356
.333

.279

.232

.191

.155

.125

.100

.079

.062

.048

.037
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TABLE VIII. Cumulative PO isson probabi Lities - Continued.
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TABLE VIII. Cumulative PO i sson prohbi lities - Continued.
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TABLE VIII. CUMUl@tlVe m isson probabilities - Continued.

m 61 62 63 64 65 66 67 68 69 70 77 72 73 74 75

39.0 I.cco

40.0 .999 I.000
41.0 .999 .999 .999 I.OMI
42.0 .998 .W9 .999 .999 I.000
43.0 .996 .997 .998 .999 .9W I.000
44.0 .994 .996 .997 .998 .999 .999 I.000

45.0 . WI .994 .996 .997 .998 .999 .999 .999 I.000
46.0 .986 .990 .993 . W5 . W7 .998 .999 .999 .999 1 .CKm
47.0 .979 .985 .989 . W3 .995 .997 .998 .998 .999 .999 Iwo
48.0 .971 .978 .984 .989 .992 . 99s ;% .997 .998 .999 .999 I.O(KI
49.0 .959 .%9 .m .984 .9MA .992 .9% . w? .998 .999 .99!4 .W 1.000 i
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GUIDANCE FOR SPECIFICATION URITERS

10. SCOPE

10.1 -. This appendix provides an out(lne and description of requirements which are to be included
in ER specifications. Their use ui~l insure uniform requirements and procedures in al~ ER specifications.
This appendix is a mandatory part of the standard. The information contained herein is intended for
compliance.

20. APPLICABLE DOCUMENTS. This section is not applicable to this appendix.

30. QUALIFICATION

30.1 (qualification at the initial FR level. Qualificaticm shell be granted at the FR level representing
the state-of-the-art. Unless valid data froa current production substantiates other FR levels,
qualification shell be granted at the “M” (1.0%) level. Que Lificetim at the “H” (1.0%) level shalt be
based on resutts of qualification FR tests on a single s~le size. A aamling plan in vhich the aexiaua
number of failures pereitted is greater then zero shell be used. In those ER specifications in vhich the
initial qualification ER test is shorter in tiae then the ●xtended ER test, aLl units subject to the
qualification FR test shall be maintained on test for the tiee specified for the extended FR test. It is
preferred that qualification be granted at initial failure rate through testing of a specified ~le size
and that quelificatiom to lower failure rate levels be accomplished by accumulation of data from successive
inspection lots. In this manner the failure rate will be more representative of production capability and
history.

30.2 Extension of qualification to Lwer FR levels. Extension of qualification to louer FR level shall
be ac~lished by accumulating data from FR tests performed on sample selected from successive inspection
lots . Qualification at lower failure rates is thus based u~n data taken over a Long period of production
and not a single saWle produced at one tire., Exfansion of qualification is granted at the same confidence
level (60% or 90%) as uaa used for the initial FR qualification.

30.3 Maintenance of FR level qualification. Maintenance of FR level qualification shall be aonitored by
=ans of a seapling plan basal on a 10 percent confidence Level. The sa~lirsg plan should provide the
necessary *r of cumulative unit hours (excluding permitted failures) required over a specified tiae
period to mintain the qualified FR level.

30.4 Verification of qualification. Every 6 months the manufacturer shell mapile a su-ry of the
resutts of quality conformance inspection and extended FR test data , in the fora of a verification of
qualificatim report, and foruard it to the qualifying activity uithin 30 days after the end of the
reporting pericd as the basis of continued qualification approval. In addition, the manufacturer shatl
ieaediately notify the qualifying activity vhenever the FR data indicates that the aenufacturer has failed
to ueintain the qualified FR level or the periodic inspection data indicates failure of the quelifid
product to meet the requirewnts of the specification. continuation of qualification approval shell be
based on ●violence that over the 6-mnth period, the follwing has been met:

a. The mnufacturer meets the requirements of NIL-STD-790.

b. The manufacturer has not aodified the design of the item.

c. The specification rquirenents for the item have not been amended so as to affect the character of
the item.

d. Lot rejection under the applicable inspection groups does not exceed the specified percentage or one
lot, vhichever is greater (see 5.3).
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e. Requirements for periodic tests are met, if applicable.

f. The records of FR tests substantiate that the “L” (specified percentage), “M” (1. W), or “P” (0.1%)
FR level has been maintained or that the manufacturer continues to meet the “R” (0.01%) or “S”
(0.0012) FR ievel for uhich qualified, although the total compnent hours of testing does not, as
yet, meet the requirements of 5.3.

Uhen periodic requirements were not met and the manufacturer has taken corrective action satisfactory to the
Government, periodic retesting shall be instituted. A summary of the retesting shall be forwarded to the
qualifying activity within 30 days after ~letion of the retest.

40. LOT CONFORMANCE FR INSPECTIONS WHEN SPECIFIED)

40.1 Samplim plan. Uhen lot conformance FR inspection is considered necessary, the sampling ptans of
table VI, provided herein, should be used. They provide reasonable assurance of Lot quality and that the
lot under inspection is not significantly different froa previously accepted lots. In view of the fact that
in most ER specifications, 100 percent of the product uili have been subjected to burn-in/screening tests
which are designed to eliminate early life failures, the need for lot conformance FR tests should be
carefully considered. The effect of these Lot-by-lot tests on the price and detay in delivery of ER parts
should be ●valuated against the additional quality assurance infomstion to be gained.

50. GENERAL

50.1 Fai Lure criteria. The failure criteria for the relatively “short-time” FR test usad for lot
conformance inspection may differ from the faihre criteria established for the ●xtended FR test. The data
resulting from the lot conformance FR inspection test, therefore, should be analyzed in two ways for the two
different purposes it uill be used. First, for purposes of lot conformance FR inspectitm, the fai Lure
criteria established for the “short-time” FR test would be applied. Secondly, for purposes of adding to the
FR test data being accuswlated for FR determinations, the failure criteria established for the ●xtended FR
test wou Ld be applied to determine whether a faihre occurred uith this criteria. Therefore, a failure in
the lot cmfomance FR inspection test aay not necessarily constitute a failure when the unit hours are
recorded for the FR determinations. This is necessary since, for FR determination, the failure criteria
should be the same for all data used. For FR determination, a single failure criteria ahoutd be specified
for all aeasureaants.

S0.2 Duration of FR test. The ER specification shall indicate the duration for the lot conformance FR
inspection test and the extended FR test.

50.3 Screanina tests. In order to provide the consumer with further assurance of the reliability of the
products shipped, ER specifications should include, where applicable, screening tests performed on a 100%
inspection basis. However, before a screening test is included in an ER specification, there shouLd be
sound technicat basis for its inclusim and sufficient data to support its effectiveness on all types of
product included in the specification. These tests should be specified as a prerequisite for quality
conformance inspection and should incMe a rquireaent providing for lot rejection when a specified
percentage of the lot exceeds the acraaning rquiraaants. A burn-in test under conditions of accelerated
voltage and teaparature or other suitable stresses aay be specified ●s part of the screening tests.
Screening tests should be performed only once and preferably in conjunction with the Government inspector
since it should not be rapaatad for the purpose of reinspection.

50.4 Accelerated FR tests and acceleration factors. If ●ngineering considerations permit the use of
velid accelerated test procedures und associated acceleration factors, the acceleration factor shouLd be
applied primarily to reduce the duration of the FR test and not to reduce sample size. Caution must be
exercisd uhere large acceleration factors are involved in reducing the duration of the FR test. The test
time should not be reduced betow some reasonable period applicable to the individual ER specification. In
any case, it is recommended that a portion of the FR test data be developed from unacceterated test
condit ions. Depending on the acceleration factor, the type of electronic part, and the type of FR test, a
requirement that 25 percent of the samples subjected to FR tests be tested at unaccelerated (rated)
conditions is considered reasonable. The data generatd on testing at rated conditions should be evatuated
periodically by the qualifying activity to revaLidate the acceleration factors used.
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60. FR QUALIFICATION DATA

60.1 Expandinq FR sampling Plan. Table IX provides the number of cumulative unit hours for determining
the probability of qualification when the true failure rate is 1%/l,0U3 hours. This table may be used to
expand the FR samp(ing p~ans specified in section 5 of this standard or to develop additional FR sampling
p~ans.

70. APPLICATION INFORMATION

70.1 Reliability data. ER specifications or associated ■ilitary standards should contain as much valid
application and use information as is available to the preparing activity. Reference to MIL-HD8K-217,
“Reliability Stress and Failure Rate Data for Electronic Equipment”, should be made uhen appropriate.
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TABLE IX. FR qua lification data in unit hours (based on exponential distribution and coaputed at 1%/1,000 hr).

r 1 1 1
lConf idencel Cumulative unit hours I Probability of I

} level I c = Number of fai lures permitted I qualification ~/1

/
1 I I I 1 1 I I I I I

Ic=OIC=11C=21C=3 IC=4 IC=5 Ic=6 Ic=7 IC=8 Ic=9 IC=IO I I
I I I I I “~ I

I .01 i 1,000114,844143,7501 82,5001 128,1251 178,7501 233,1251 290,6251 351,2501 412,500! 477,5cE3 I .99 I
I .05 I 5,1251 35,5471 81,7191 136,S631 197,031 I 261,2501 328,4381 398,1251 469,37S1 S42,5001 616,875 I .95 I
I .10 I 10,547 I 53,2031110, @31 174,5311 243,2811 315,1561 389,5311 465,6251 543,2811 622,188! 702,188 j .90 I
I .20 I 22,W51 82,4221153,5161 229,6881 308,9061 390,3131 47’3,4381 557,6561 642,813[ 728,9061 815,625 I .80
I .30 I 35,66411 fJ9,7271191,4061 276,4061 363,3591 451,7191 541,0941 631,2501 722,0311 813,2811905,078 I .70 I
I .40 I 51,0941137,6561228,5161 321,0941 414,7661 509,0631 603,9061 6W,141 I 794,al 890,4301 %,426 I -W I
I .50 I 69,2971167,8131267,4221 367,1881 467,1091 567,031 I 666,9531 766,8751 866,895( 966,79711,066,7971 .50 I
I .60 I 91,6411202,266{3?0,5471 417,5001 523,6721 629,2191 734,2191 838,%51 946,35911,047,55911,1 S1,5631 .40
I .70 1120,391 1243,906136T,5631 476,2501 589,0631 700,6251 811,1331 920,89811,030, ~ll,13&67211,246,8751 .30 /

1160,9381299,3751427,%91 551,563[ 672,1881 790,6251 907,61711,023,2Qll,137,89’111,251,95311,365,0391 .20 1:
/ :: 1230,3131389,0631532,1881 668,1251 799,3751 927,3Ull,053,125 ll,176,95311,2W,0 ll,W,7O3ll,5@,625l .10 1%
I .95 1299,3751474,3751629,3751 775,6251 W5,&511,~0,~l?,l&,375 ll,3l4,Wll,ti3,75Oll,5~,3l3ll,696,79ll .05 I%!
I .99 l@,~lm,~lW,~ll, ~,~11,159,3~11, W,37511,450,~ll, ~,~ll,7m,&511,8~,3ti12, OlL,O63l .01 l:,

J
“$

II Computed with e tolerance of *.WOI.
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TABLE X. True failure rates for C = O (Level M).

I 1 (
[Probability of [ True failure rates at confidence level:

[qualification ~ [ I 1 T [ 1
lWL195% lW/. lWA[7OZl6VL \5W4{40. 13UL12W. \lULl 5X I
1 1 I 1 1 1 1 I 1 !

1 1 I I I
.99 [ .CC12 [ .003 I .004 I .WJ6 I .008 i .011 I .014 I .020 I .028 I .045 I .095 I .1% I
.95 [ .011 I .017 I .022 I .032 I .043 I .056 I .074 I .IW I .IU I .230 I .486 I 1.OW

/ .$Q / .023 I .035 \ .046 I .066 I .088 I .115 I .152 I .206 I .296 ] .473 I I.CHKI I 2.058
.80 I .048 [ .074 I .097 I .139 I .185 I .243 [ .322 I .437 I .625 I I.(KIO I 2.115 I 4.352

I I 1 1 I 1 1 I 1 I I I
.70 I .078 I .I1$I I .155 I .222 [ .296 I .389 ] .515 1 .698 I 1.000 [ 1.599 I 3.381 I 6.959 i
.@ \ .111 I .171 I .222 I .317 I .424 I .558 I .737 11.000 I 1.433 I 2.291 I 4.844 I 9.970
.50 I .151 I .231 I .301 I .431 I .576 I .756 11.WO 11.356 I 1.043 I 3.107 I 6.570113.521
.40 I .199 ~ .306 I .398 I .569 j .761 11.000 11.322 11.794 ] 2.570 I 4.109 I 8.689117.881

1 I I I I I I I I I I 1
I .30 { .262 I .402 I .523 I .748 11.000 11.314 11.73712.356 I 3.376 I 5.398111.415 123.491

I .20 I .350 I .538 I .699 11.000 11.337 (1.756 12.32213.150 I 4.513 I 7.215 115.259131.402
.10 1 .501 I .769 11.000 11.431 11.913 2.513 13.324 14.508 I 6.458 I1O.326 121.837 144.939
.05 I .651 11.000 11.300 11.860 12.487 13.267 14.32015.859 I 8.394 113.422 128.385 !58.415

/ .01 11.000 11.537 11.997 12.8S8 13.821 (5.020 16.638 19.(XI3 112.898 120.623 143.615 189.756

11111111 I II
1 1

NOTE : For other than M (1. CM) fai lure rate level, divide above values by 10 for P (0.1%) level, by 100
for R (0.01%) Level, by 1,000 for S (0.001%) level, or by 10,000 for T (0. OCDl%) level.

TABLE XI. True fai lure rates for C = 1 ( level N).

iPmbability of i
I qualification 1-

-

I .95 ~ ::

I .90

I
~

I .60 1 :209
.50 I .254

I .40 1 .306

I .30 1 .370

I .20 I .454
.10 I .589

/ .~ 1 .719

I .O1 11.000

I I

95x

.031

.075

.112

.174

.231

.290

.354

.426

.514

.631

.820
1.00
I .391

90%

.038

.091

.137

.212

.282

.354

.431

.520

.627

.769
I .Om
1.219
1.6%

True f ai Lure rates at confidence Level:

80%

.050

.119

.178

.275

.367

.460

.561

.676

.815
I.000
1.3W
1.585
2.205

1 I I
7UX 160%150%140%

I I I
.061 1 .073 I .088 [ .108
.146 I .176 I .212 I .258

.218 [ .263 I .317 I .386

.338 [ .407 1 .491 [ .599

I I I
.450 I .542 I .654 I .797
.564 1 .681 I .820 11.wo
.688 I .830 11.LXXJ 11.219
.829 11.om 11.205[1.469

I.000 i~.206 il.453 il.~
1.227 11.480 11.784 12.175
1.595 11.924 12.318 12.826
1.%5 12.345 12.827 13.446
?.706 13.263 13.933 14.795

Ill

30%

.135

.324

.485

.751

1.000
1.255
1.529
1.843

2.223
2.728
3.546
4.323
6.015

20%

.180

.431

.646
I.000

1.331
1.670
2.036
2,454

2.959
3.632
4.720
5.755
8.008

I

mjsxj

~
.418 I

.668 [ l.om I
I.000 [ 1.497 I
1.549 I 2.319 I

2.062 i 3.087 i
2.587 I 3.873 I
3.154 I 4.721 I
3.802 1 5.690 !

4.584 i 6.862 j
5.627 I 8.422 I
7.313 110.946 I
8.916 113.U5 I

12.405 118.567 I

I J

NOTE: For other than M (1 .0%) fai lure rate level, divide above vahes by 10 for P (0.1%) leveL, by ~~
for R (0.01%) level, by 1,000 for S (0.001%) level, or by 10,000 for T (0.0001%) Level.
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TABLE Xl 1. True failure rates for C = 2 (level H).

f r

lProbabi lity of I
IquaLification +———

.

-
I

.95 I :097

.90 I .131

~
I

.60 I :272

.50 I .318

/ .40 [ .369

~

.20 / :g

/ .10

1 .05 I :749
.O1 11.mo

I
1

95x

.070

.130

.175
-244

.304

.363

.425

.493

.574

.680

.846
I.000
1.336

9CM

.082

.154

.207

.288

.360

.429

.502

.5%

.679

.804
I.alo
1.183
1.580

True faiture rates at confidence level:

1 I I I
80%170% 16WJ 50%140%

I 1
I I

.102 [ .121 [ .141 I .164 ( .191

.191 ] .226 \ .263 { .306 I .358

.257 I .304 I .354 I .411 I .481

.359 { .425 I .494 [ .574 I .672

1 I I I
.447 I .529 I .616 I .716 ( .838
.534 I .632 I .736 I .855 11.000
.625 I .740 I .861 II.(XIO 11.170
.726 I .859 11.000 11.161 [1.359

1 I I I
.845 11.000 {1.164 11.352 11.582

1.000 11.184 JI.378 JI.600 11. BZ5
1.244 11.472 11.713 11.990 12.329
1.471 11.741 12.027 12.353 12.7S4
1.964 12.325 12.707 13.143 13.679

1111

304

.229
L27

.575

.202

1.000
1.1%
1.397
1.622

1.889
2.236
2.780
3.288
4.392

Zoii

.285

.532

.717
I.000

1.247
1.489
1.742
2.023

2.355
2.788
3.467
4.7m
5.476

I
Im I 5%

-

.743 I I.000
1.00 ( 1.346
1.3% I 1.879

m

2:077 I 2:7%
2.431 1 3.272
2.823 I 3.8W

3.287 i 4.424
3.891 I 5.237
4.838 I 6.512
5.722 I 7.702
7.642 I1O.287

I

NOTE: For other than M (1. OX) failure rate level, divide above values by 10 for P (0.1%) level, by 100
for R (0.01%) level, by 1,000 for S (0.001%) level, or by 10,000 for T (0.00MZ) level.

TA8LE XIII. True failure rates for C = 3 (level H).

I I
lProbabiLityof I True failure rates at confidence Level:
Iqualification I 1 1
I 199x ~95x i90x i80x 170x Idox Isw i40x t 30X i 20X i IOX I 5X

.99 i .082 i .106 i .123 i .150 i .I= i .IW i .225 i .2571 .2981 .359 i .4~ ; .604

/ .= I .137 I .176 I .204 I ,248 I .287 I .327 I .372 I .425 I .494 I .5% I .782 I 1.000
.90 I .175 I .225 I .261 I .316 I .366 ~ .418 \ .4751 .544 I .631 I .760 I l.~ I 1.278

I .a I .230 I .296 I .344 I .416 [ .482 I .550 ( .626 I .715 I .831 I 1.000 I 1.316 I 1.682

I I 1 I 1 I I I I r I
.70 ( .276 I .356 I .414 I .501 I .580 ~ .662 I .753 I .861 I 1.000 I 1.203 ! 1.584 I 2.024

! .~ I .321 I .414 I .481 I .582 I .674 I .769 { .87411.000 } 1.162 I 1.398 I 1.840 I 2.351

/ .50 I .367 I .473 I .550 I .666 I .771 I .879 ~1.000 (1.144 I 1.328 I 1.599 I 2.104 I 2.689
I .418 I .538 I .625 I .757 [ .87711 .00011.13711.300 I 1.510 I 1.818 I 2,392 I 3.057

+ 1
I I .476 \ .6I4 i .7I3 i .863 il.000 fI.141 ~1.297 il.uu ~ 1.723 I 2.on i 2.729 I 3.487

I .20 I .552 I .711 I .82611 .000 (1.158 [1.321 [1.502 {1.718 I 1.996 { 2.401 I 3.160 I 4.039

I .10 I .668 I .861 11.00011.211 {1.403 11.60011.82012.081 I 2.417 I 2.909 I 3.828 I 4.892
.05 I .776 [1.000 11.161 [1.406 11.62911.858 12.112 12.616 I 2.806 [ 3.377 [ 4.444 ( 5.680

1 .M [1.000 11.289 {1.497 11.813 I2.1OO 12.39512.72313.714 I 3.618 I 4.354 I 5.730 ] 7.323

I 111111111 Ill

NOTE : For other than M (1. OX) failure rate level, divide above values by 10 for P (0.lX) level, by 100
for R (0.01%) level, by I,(l(Xl for S (0.001!4) Level, or by IO,CX)O for T (0. CX)OIZ) levei.
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TABLE XIV . True faiture rates for C = 4 (Level M).

!
iProbabi lity of i

Iqualification -

True failure rates at conf ldence ~eve~ :

1 I
60% I 5rA ~ 4(M

1 1

.245 I .274 I .309

.376 I .422 I .475

.465 J .521 I .587

.590 I .661 ] .745
I

I
.694 I .778 I .876
.792 [ .888 11.000
.892 11.000 11.126

I.OCKJ 11.121 11.263

—.-1 1 I
3CM I 202 I 1 CM I 52

~

. 5b2 i .638 I .810 ] 1.000

.670 I .788 I I.W ] 1.235

.850 I I.WO I 1.270 I 1.568

I I 1
1.000 I 1.176 I 1.494 I 1.844
1.141 I 1.343 ] 1.705 I 2.105
1.286 I 1.512 I 1.920 { 2.371
1.441 I 1.695 I 2.153 I 2.658

1 I 1
1.621 I 1.907 I 2.421 [ 2.990
1.850 I 2.176 I 2.763 I 3.412
2.200 I 2.588 I 3.286 I 4.057
2.s20 I 2.964 I 3.764 I 4.647
3.191 I 3.753 I 4.766 I 5.884

I II

7WL

.218

.334

.413

.524

.617

.704

. m.

.a89

‘

I .95 1 .170
.90 I .210

1

-

.60 1 :358

.50 I .403

-

.20 I :580

.10 I .689

.05 I .790
.01 11.ow

1

.140

.215

.266

.337

,160
.246
.304
.386

.191

.293

.362

.460

.541

.617

.695

.m

.397

.453

.510

.572

.455

.519

.584

.655

.643

.734

.873
I.000
1.266

.737

.841
I.CXXI
1.145
I .450

.876
I.000
1.182
.362
.725

.Ooo

.141

.357

.554

.968

1.125 il.261 il.420
1.284 [1.439 11.621
1.526 11.711 11.927
1.748 [1.960 12.208
2.214 12.482 12.7%

I ii

NOTE : For other then H (1.0%) failure rate level, divide above values by 10 for P (0.1%) level, by 1~
for R (0. OIX) Level, by 1,000 for S (0.031%) Level, or by 10,000 for T (0. ~lZ) level.

TABLE XV. True fai lure rates for C = 5 ( level M).

iProbsbility of

I qualification

I
~

.95

I .~

+

I .60

I .50

I .40

True fai lure rates at confidence level:

+

*

.829 I1.OW I
I.000 I 1.206 I
1.238 I 1.494 [

I {
1.433 I 1.729 I
1.615 I 1.949 I

1.799 ~ 2.170 I
1.997 I 2.406 I

I 1 1 I I I
99zl%%lsu%180%170%~6m 150%

1
I I I 1 I

.137 I .170 I .193 I .226 I ,255 I .284 I .315

.200 I .249 I .282 I .330 I .373 I .415 j .461

.241 I .300 I .340 I .399 I .450 I .5m I .556

.298 I .372. ~ .421 .494 I .557 I .620 I .688
1

I I I I I
.345 I .430 I .487 I .571 I .645 I .718 I .797
.3891 .4851.5491.6441.7271.809 1.898
.433 I .540 I .611 .717 I .809 I .9m 11.000
.481 I .599 I .679 ! .7% I .898 11.000 11.110

[ I I I I r
.535 1 .667 [ .756 I .886 11.(XXI 11.113 11.236
.604 I .753 I .853 11.000 11.128 11.2S7 11.394
.708 I .883 /1.000 11.1~ 11.324 11.474 11.635
.802 11.000 11.132 11.328 11.499 11.669 11.852
.000 11.247 11.412 11.656 11.869 12.081 12.309

Ill Ill

I
30%120X

=

.578 I .669

.698 I .807

.864 I I.om

=

1:127 I 1:304

1.255 I 1.453
1.393 I 1.612

X

1:750 I 2:026
2.053 I 2.376
2.324 I 2.6$K)
2.899 1 3.355

40%

.351

.513

.619

.767

.887
1.000
1.114
1.236

1.376
1.553
1.822
2.063
2.572

2.223 i 2.682 i
2.509 I 3.026 I
2.942 I 3.550 I
3.332 I 4.m9 I
4.155 I 5.m2 I

I
I

NOTE: For other than M (1 .0%) failure rate level, divide ahve values by 10 for P (0.1%) level, by 100
for R (0.01%) (evel, by 1,000 for S (0.001%) leve~, or by 10,000 for T (6. CK3JIX) leve~.
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TABLE XVI. True failure rates for C = 6 (level H).

iProbabilityof i True fai(ure rates at confidence level:

Iwalification ~
19%195% 190% [80%170%

I 1 I 1
I .99 I .161 ~ .197 I .221 I .257 I .287

.95 I .227 I .2~ I .312 I .362 I .405

.90 I .269 I .329 I .370 I .429 I .480

/ .~ I .327 I .400 I .450 I .522 I .584

1 I I I 1
I .m I .373 I .457 I .514 I -5% I .667

.60 I .416 { .510 t .573 t .665 I .745

i :; 1.460”

‘
I .M I :626

.10 I .726

I .05 I .817

I .01 ]1.000

I 1

.563 I .633 ( .734 I .822

.620 I .697 I .809 I .905

.685 I .m I .894 11.000

.766 I .862 11.000 11.119

.889 11.000 11.160 11.298
l.~ 11.125 ]1.305 11.440
1.224 ]1.3n ]1.598 11.788

Ill

6ozi50xi40xi30zi2m
I I I

I I
.318 I .350 I .326 I .431 ] .492
.447 I .492 I .544 I .607 I .694
.531 I .5LM I .645 I .720 I .823
.645 { .710 I .784 I .875 ! 1.00

I i 1 I
.737 I .811 I .8% I l.OtSI I 1.143
.823 I .905 11.000 J 1.116 I 1.276
.908 11.000 II.104 1 1.233 I 1.409

I.LXX) 11.1tl’1 11.216 I 1.357 I 1.551

1.105 il.216 jl.343 i 1.499 i 1.713
!.236 11.361 11.503 I 1.677 I 1.917
1.434 11.579 11.744 f 1.946 I 2.224
1.613 11.776 11.%1 I 2.189 I 2.502
1.975 12.174 12.4(II I 2.680 I 3.063

11[1

10%

.598

. f%3
1.WO
1.215

1.389
1.550
1.712
1.885

2.082
2.330
2.704
3.041
3.722

5%

.710
Iwo
1.186
1.442

1.647
1.839
2.031
2.235

2.470
2.763
3.206
3.606
4.41s

NOTE : For other than H (1 .(X) fai lure rate level, divide above values by 10 for P (0.1%) Level, by 100
for R (0. OIX) level, by l,WO for S (0.001%) level, or by 10,000 for T (0. ~Z) kvet.

TA8LE XVII. True fai Lure rates for C = 7 ( level ?l).

1 1
lProbability of I True fai lure rates at confidence level:
I qualification I I I I I I I
I l~i95xl~180x17mi60xi50z i4m13m12wl~m15z

( I I 1 I I
I .W i .182 ! .221 i .247 i .284 I .316 i .346 i .379 I .416 I .460 I .521 I .624 I .730

.95 I .249 I .303 I .338 I .389 I .432 I .475 I .519 [ .569 [ .631 I .714 I .85S I I.m

I .90 I .291 I .354 I .3% I .455 I .5(M I .555 I .607 I .666 I .738 I .835 I I.WO I 1.170

I .80 I .349 \ .424 I .474 j .545 I .606 \ .665 I .727 j .798 I .883 I 1.000 I 1.198 I 1.401

I I I I I 1 1 1 r 1 r I
.70 I .3% I .480 I .536 I .617 I .685 I .752 I .823 I .903 I l. COO 1 1.132 ~ 1.356 I 1.586
.60 I .437 / .532 I .594 I .683 [ .759 j ,833 I .9?2 11.000 \ 1.108 ] 1.254 ] 1.502 I 1.756
-50 I .479 I .583 I .652 ] .749 I .833 I .9t4 11.000 11.097 I 1.215 I 1.375 I 1.647 I 1.926

I .40 I .524 I .638 I .713 I .820 I .911 11.000 11.094 11.200 I 1.329 I 1.504 I 1.802 I 2.107

I I 1 I I I I I I I I r
I .30 I .576 I .700 I .782 I .9UI 11.OW 11.09811.201 11.317 I 1.459 I 1.651 I 1.978 I 2.313

.20 I .640 I .778 I .869 11.00011.111 {1.220 11.334 [1.464 I 1.621 I 1.835 \ 2.?98 I 2.570

/ .10 I .736 I .895 11.000 [1.150 (1.278 11.403 11.535 {1.683 ~ 1.864 I 2.7fl I 2.528 / 2.%6
.05 I .822 11.00011.11711.285 {1.428 11.567 11.715 11.881 I 2.083 I 2.358 I 2.824 I 3.303

/ .01 11.000 11.217 11.359 11.564 11.737 11.907 12.086 12.289 I 2.535 I 2.869 I 3.436 I 4.019

11111111 Itll
I

NOTE: For other than H (1 .W) fai lure rate level, divide above values by 10 for P (0.1%) level, by 100
for R (0.01%) level, by I,00U for S (0.001%) level, or by 10, ~ for T (0.000 IX) level.
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TABLE XVIII. True failure rates for C = 6 (leve( H).

I Probability of j True failure rates at confidence level:
Iqualification 1 I I I I I I I I I 1
I ~99%]95% 19W18CM170%\ 601 50%140%130%120%110%1 5%

I I I
I .W [ .202 I .243 I .270 I .309 I .341 I .373 I .405 ] .442 I .486 j .546 j .647 j .748

.95 I .270 I .325 I .361 I .412 I .456 I .498 I .561 I .591 I .650 I .730 I .864 I 1.OW

/ 90 I .312 I .376 I .418 I .4~ I .527 I .576 I .627 I .684 I .752 I .845 I 1.000 I 1.157

I .m I .369 I .445 I .495 I .565 I .624 I .681 I .742 I .809 I .890 I l.~ [ 1.183 I 1.370

I 1 I 1 I I 1 1 I I I I
.70 I .415 I .500 I .556 I .635 I .701 I .765 I .833 I .4X)9 I 1.000 I 1.123 I 1.3291 1.S38

1 -60 I .457 I .550 I .611 I .698 I .~ I .842 I .91711.000 I 1.101 I 1.236 I 1.463 I 1.693
.50 I .498 I .~ I .667 I .761 I .842 I .91911 .00011.091 I 1.201 I 1.349 I 1.5% I 1.M7
.40 I .542 I .653 I .726 I .829 I .%6 11.CKJO 11.08811.187 I 1.307 I 1.468 I 1.736 I 2.010

I
I .30 ! .592 I .713 ! .793 I .905 !1.000 jt.092 jl.le~ 11.296 ! 1.427 ! 1.602 I 1.896 i 2.I95

.20 I .654 I .788 I .876 11.000 II.105 11.206 11.313 11.432 I 1.576 I l.~ I 2.094 I 2.424

.10 I .747 I .900 11.000 11.142 11.262 11.378 11.49911.635 I l.~ I 2.022 I 2.392 I 2.769

.05 I .829 11.KxI 11.111 11.269 [1.402 11.53011.665 11.817 I 2.~ I 2.24t5 I 2.657 I 3.076

.01 11.OCXI 11.20611.33911.53011.690 11.845 12.008 12.790 I 2.411 I 2.708 I 3.204 I 3.708

Il!lllll II II
1

NOTE : For other than H (1 .0%) fai lure rate level, divide above values by 10 for P (0.1%) level, by lW
for R (0. OIX) Level, by 1,~ for S (0.00W) level, or by 10,000 for T (0.0001%) level.

TABLE XIX . True fai lure rates for C = 9 ( level l!).

lProbebi lity of I True fai lure rates at confidence level:
I qualification I I i I I I I I

199% 195% 190X 180% 170% 160% I 50X140%130Z

I I I I I I I I I
.W i.ml.2a l.ml.3nl.wl.3wl.~7 1.4631.507
.95 I .289 I .345 I .382 I .433 I .476 I .518 I .561 I .609 I .667
.90 I .331 I .3% I .438 I .497 I .546 I .594 I .644 ~ .699 I .765

/ .~ I .388 I .464.1 .513 I .582 I .640 I .6% I .754 I .819 I .896

I I I I I I 1 I I
.70 [ .433 I .518 I .572 I .650 I .714 I .776 I .841 I .913 I l.~
.60 I .474 I .%7 I .627 I .711 I .782 I .850 I .921 11.(XIO 1“1.095
.50 I .515 I .616 I .681 I .~ I .849 I .92311 .00011.086 I 1.189

/ .~ I .558 I .667 I .737 I .837 ] .92011.000 }1.064 11.176 I 1.2SS

I I I r I 8 I I I
I .30 I .607 I .725 I .801 I .910 11.00011.087 {1.178 11.279 I 1.400

\ .20 I .667 I .797 1 .881 11.000 11.09911.195 11.295 11.406 I 1.539
.10 I .757 I .905 11.00011.135 11.248 11.356 11.469 11.5% I 1.747
.05 I .836 11.000 11.105 11.254 11.380 !1.499 11.624 11.764 I 1.831
.01 11.000 11.196 11.321 11.500 11.649 11.792 11.942 I2.1OB I 2.308

11111111 I

m

.566

.744

.854
I.000

1.116
1.222
1.326
1.437

1.562
1.718
1.949
2.154
2.576

lox

.663

.872
1.WO
1.172

1.307
1.431
1.5%
1.684

1.830
2.o12
2.283
2. 52k
3.017

5%

.760
I.000
1.169
?.344

1.499
1.641
1.782
7.931

2.099
2.308
2.619
2.895
3.461

NOTE : For other than H (1.0%) failure rate Level, divide above values by 10 for P (0.1%) level, by 100
for R (0. OIZ) leve(, by 1,000 for S (0.00 IX) level, or by 10,000 for T (0. WOIZ) level.
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TABLE XX. True fai lure rates for C = 10 (LeveL M).

I I I
I Probabi lity of I True fai lure rates at confidence level: I
I qualification I I

199z195~lw18cr417m16w~ 5w140xlw41207il10zl 5X j
I I I

t
1 1

I 1
.99 i .237 I .282 I .3Io I .350 I .382 I .415 I .448 ! .484 I .528 I .585 I .680 I .~4 I

/ -m.95 I .306 I .364 I .400 I .452 ( .495 I .536 I .5~ I .625 I .682 I .756 I .879 I 1.000 I
I .349 I .416 I .456 I .514 I .563 I .610 I .658 I .712 I .776 ~ ,861 I 1.WO I 1.138 I

.m I .405 I .481.1 .529 I .598 I .654 I .708 I .764 I .827 I .901 I 1.000 I 1.162 I 1.322 I

I I I 1 I 1
I .70 I .449 I .534 I .587 I .663 I .726 I .786 I .I%8 ! .918 I 1.(XIO { 1.110 ! 1.289 ~ 1.467 I

I .60 [ .490 I .S82 I .640 I .723 I .791 I .857 I .92511.000 [ 1.090 I 1.209 I 1.405 I 1.599 I

I .50 I .530 I .629 I .692 I .782 I .856 I .92611 .00011.081 I 1.179 I 1.308 I 1.519 I 1.729 [
.40 I .572 I .679 I .747 I .844 I .924 11.00011.07911.167 I 1.272 I 1.412 I 1.640 I 1.867 I

.30 ~ .6I9 I .=5 ! .809 I .9I3 !1.000 !1.083 11.~69 11.264 I 1.378 ~ 1.529 I 1.~6 I 2.021 ~

I .20 I .678 I .805 I .88611 .00011.095 11.185 11.28011.384 I 1.508 I 1.674 I 1.944 I 2.213 I

I .10 I .765 I .90811 .00011.12911.236 11.338 11.M 11.562 I 1.702 I 1.889 I 2.1% I 2.@7 I
.05 { .842 11.OCQ 11.101 11.24311.360 11.47311.59011.720 I 1.874 I 2.080 I 2.416 I 2.750 I
.O1 ]1.000 ~1.187 11.307 11.475 11.615 11.749 11.888 12.042 I 2.225 I 2.469 I 2.868 I 3.265 I

!1111111 I Ill
L I

NOTE : For other than II (1.0%) failure rate level, divide above values by 10 for P (0.1%) level, by ICCI
for R (0.01%) Level, by 1,000 for S (0.00IX) level, or by 10, OLXI for T (0.0Ch31%) Level.
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