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FOREWQRD

'Develapmnﬁ of this standard {s ane of several steps designed to

enhanca equipment

readiness and reduce 1ife cycle costs. Raliability .»_-'

growth tasting consists of conducting cocnsecutive mission profile .
cycles under expectad servics environmental conditicns.  MIL-STD-781 . ..
is used as a guideline for establishing snvironmental test criterda
and other enginearing discipiines as appropriata. Comprehensive.. ..

failure reporting

full-scale davelo
contractor can ma

., analysis, and corrsctive acticn are integral with . -

‘this activity, This test program is intended for application in the

pment phase of equipment acquisition when the

ke design changes for reliability improvemens with- .

out strict.contractual constraints. A successful reliabiTisy growth..... -

test program may
tasts {f relfabil

result in the deletion of reliabiiity demonstration. .
ity requirements are fully achieved prior to -

production commitment.
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RELIABILITY GRCWTH TESTS

1., SCOPE : | S

{ 1.1 General. This standard covers the requirements and procedures -
for reHab“T development (growth) tests. These tests are condicted . -
during the hardware development phase on samples which _have completed
envirormental tests prior to production commitment, and do-not rnp‘lace N
other tests dascr1bed in the cantract or. equir.ment specification. Thesa . -
-tests provide engineering information on the failure modes and mechanisms -
of -a- tast {tem under natural and induced environmental conditions of )
military operations. Reliability improvement (growth) -will result when
failure modes and mechanisms are discovered and identified and-their
recurrence praventéd through implementation of corrective actien.: .-

1.2 Apolication. This standard {s applicable to Naval Electronfc
Systams Command procurements for dévelbpment of ail systems and equipmenc )
subject to contract definition and to the devalopment of other systems
- and equipment when specified in the equipment specification. When
céntract definition is not involved, the application of this standard:
shall be as specified in the Statement of Work (SOW) incorporatad in
the request for praposal., The requirements and procsdurss herein-shall
also ba used for Government in-house develapment of 'systams and equipment,

1.3 Classification. This standard fs applicable tg five droad
categories of equipment, distinguished according to their field service
applications: ,

Category 1 Fixed ground equipment
Category 2 Mobile ground vehicle equipment
Category 3 Shipboard egquipment
A. Sheltared
8. Unsheltered
Category 4 Equipment for jet aircraft
Category S5 Equipment for turbo-prop and helicopter

1.3.1 Ground supoort eauicment (GSE). This standard ts applicable . -

to procurements of GSc as specitied in the equipment specification djf-"‘
contract. When GSE development 13 under a weapon system contract, the -
applicability of this standard to each recommended GSE end item will be
detarmined by the procuring activity after the contractors'- technical
‘data and recommendation for reliability development testmg have been
assassed.

2. APPLICABLE DOCUMENTS

2.1 lssues of documents. The following documents of the {ssue in

effect on the data of invitation for bids or request for propesal, form a
part of this standard to the extent specified herein.

-
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SPECIFICATIONS

MILITARY .
MIL-S-3512 Support Equipment, Aercnautical Spacial;
General Specificaticn for Qesign of
MIL-C-45662  Calibration System Requirement

HIL-STU-Z&O Oafiniticns of I[tem Levels, [tem Ex-
changeability, Modals, and Relatad Terms
MIL-STD-72T Dafinitions of Effectiveness Terms for

Reliability, Maintainability, Human Factars,
and Safety

ML-STD-7S7  Reliability Evaluaticn from Oemanstration Data -
"MIL-STO-781 Reliability Oesign Qualificatian and Pruduction
Accaptance Tests: Exponential Distribution.
MIL-STD-785 Relfability Program for Systems and Equ'lpmenr.
MIL-3T70-81Q Environmentai Test Methads .
© MIL-STOD=-847 Format Requirements for Scienti{fi¢ and
‘ Technical Regarts
MIL-STD-1829 Procedurss for Performing a Fallure Meda ana
) : Effect Analysis far Shipboard Equipmant

HANTBOOKS

MIL-HOBX-217 Reliadility Predicticn of E‘IectrnMc Equi poent
(Capies of specifications, standards, drawings, and nunncat'!ans required by
contracnrs in comecticon with specific procursment functions shoyld be gbe
tained from the procoring activity or as dirscted by the contracting orfficer.)

2.2 Other cublicaticns. The fallowing documents form a part-ef-this—- =

| standard to e extent sgecified herein. Unless otherwisa tndfcatad, the

13:1.113 i{n effect an date of invitatian far bids or request for proposaT shall
apply.
l&%ﬁ@? RARC-TR-7S5-22, RADL Non-electrunic pnrgahn;w

Natabook Ravisicn (Part Failure Dawa, Secticn
2 of RADC-TR-63-458)

(Application for copies should be addressed tg the Matignal Techn{cal

Information Serrica, U.S. Oepartment of Commarcs, 5335 Port foyal Road,
Springtield, YA 22151.)
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‘3. DEFINITIONS

3.1 Terms. Meanings of terms not defined herein are in accordance -: SRS

“I7with the dafinitions of MIL-STD-781, MIL-STD-721, MIL-STD-280, and

HIL-STD-757.

.. 2.1 Corrective maintenance (repair). The actions performedas.a __ ..
.result of failure to restore an item to a specified condition. O -

_3.1,2 Faflure. Details involving failure criterda, to include
required functions and performance parametar limits, as.stated in the
equipment specification and test procedures as approved by the procuring

activity, For tast purposes, the fn'l‘lmi'lna ﬂpnpra] dﬂﬂﬂi"‘[nns shall-

appiy.

a. Failure is an event in which a previously accestable item
does not perform one or more of its required functions within the
specified 1imits under specified conditions. )

b. Failure is also the condition in which a mechanical or -
structura] part or component of an item is found to ba 'broken,- fractured
or damaged which would cause failure under operational -conditions.

3.1.3 Observed mean-time-batween-failures (91. The obsarved mean-

‘time-between-failures (MIGF) 15 equal to the total operating time of the

equipment divided by the number of relevant failures.

3.1.4 Predicted MIBF (8,}. Predicted MTBF (8p) is _that value. of .o
MTBF determinad by reiiability prediction methods and is based an the -
equipment design and the use environment [and shall be -equdl to or grsater

than required MTBF (8q) fn value to ensure with high probability that the -
aquipment will be acceptaed during the reliability qualification test]. ’

- ———

3.1.5 Predicted reliability. That reliability which is expec..ed__-.._ _—
at some future qcate, postulated on analysis of the design and the - :
fatlure rates or the probability of survival.

3.1.6 Problem. A condition of an item in which cne or more ... ..
charactaristics do not conform to the requirements as established by-
the contract or equipment specifications without the use of unspecified
hand] ing or operating procedures. The condition cannot Be corrected to
spécified requirements using controls and procedures normally -available’
tos the gparator, therefore corrective maintznance and eng1neer1ng
disposition are required. Includes failures, unsatisfactory conditions,
discrepancies, defects, and nonconfaormances.

3.1.7 Reliability arowth. The positive {mprovement of the
re]iabﬂity OoT equipment through the systematic and permanent removal
clf failure mechamsms.
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3.1.8 Carrective maiatananca { recair)., The actiens performed .as —.._.

2 resuit of ftaifure, to restore an i1tem 3 a specified conditian.

3.1.9 Test, analyze, and fix (TAAF). A tast procedurs used . ... ... . ...
- during a daveiopment pragram @ acnieve relfability growth by testing -

the equipment undar si

P S e

myiated use environments ta {nduce failures due

to weak dasign or itnadequata parts. The failures ars analyzed and

fixad, that i3,
reCurrenca.

cng'ﬁc:‘!ve action is taken far each failure to prevent
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4. GENERAL REQUIREMENTS

- 4.1 General. The re!iabﬂity growth test is an integral part of a .
- M1 .c-rn.nz_‘l'ﬁmnw program and is 2 formal appreach .to tha 1: L DIl
ana'lyze and fix process of reliability growth The reljability growth o Tl
test shall be planned and conducted 'in accardanca with ‘the requ*lrements S
herefn to crovide data for the evaluation of reliability Jrowth. : Do

4.2 Pre-reliability test requirements ST Sare e

- & ¥ ki3 A 3 W = = -

4.2.1 Prediction, analysis, and test plan. In accordance with the: ===~ _ . .
approved rel{ability program plan, the following items :shall have been : .
complietad and approval obtained from the procuring activity prior to the - Il

{nttiation of raliability arowth tostina. unless specifically ‘dalatod hy: Come -

T RiaLiVUin 97 s Criau b ) ,lul"bll 1 1) 1Cow spLeii Ly SUITWS wy - .-

contract. LTt

.- 4,2.1.1 Reliability prediction. If directed by the procuring activity .~
- and 1f not already completed as required by other contractual documents, an =~ = . .

updated relfability prediction of the test hardware configuration may be

required prior to the start of reliability testing. Thne reliability pre<-. . .- -
diction shall be ccmpleted in accordance with the Paris Stress Analysis ::~: il
Prediction paragraph of MIL-HDBX-217. A prediction shali. be accomplished -~ ..- ~
for each distinct mission phase or mode of operation of the test hardware. '~ °°°
Failure rate data source shall be MIL-HOBK-217. Other failure rate data -~ - ’
so-irces, including contractor in-house data, shall require procuring -

activity approval. The prediction report shall be approved by the pro-

curing activity prior to the start of testing. Unless otherwise specified

in the contract, tast‘lng shall not be initiated unless the design has a -

pradictad MTBF (0,) equal to or greater than the required MTGF. In .-

the event that thg design proposed for testing does not meet this critaria, .

ac:ion shall be as directed by the procuring activity. Unless othemis« .
specified by the procuring activity, GFE is excluded from the FMEA.

4,2.1.2 Failure modes and effects analvsis (FMEA). An FHMEA .shali_be_
performed using procedyres similar to MIL-Si0-1629. ?he FMEA will fndicate .
the critical areas of the design and help in the analysis of fatlures that - ...
mdy occur during the reliabiiity growth test. Futhermore, the failures :
- that eceyr and their symptoms and causes will help verify. the completeness
.and accuracy of the FMEA, and can be used to update the FMEA... The results ~

of FMEA are used to recommend changes in desiqn, parts,: mater'lals, processes,. T
tasting, or procedures as early in the system development as possible, $0 - :.

thit {dentified problems can be eliminated or theair effacts reduced.. Al-

though it 1s the objective.of the FMEA to identify all modes of fajlure :. ..-
within the system, its first purpose is the early identification. of all

first-order or catastrophic failure possibilities so that modes can be

eliminatad or minimized through corrective design action at the earliest

pcssible time. GFE is excludaed from the FMEA, unless otherwise directed

¢’ the procuring activity.

_ -4,2.1.3 Tests. The contractor shall determine the relfability
growth (development) tests and obtain approval of these tasts from
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the procuring activity prior to the commencoment of testing. The tests
shall be determined on the basis of requirements of the contract, equip-
cent specification, and this document. Test planning should consider

the time required for failure analysis, and the testing required to verify
carrective action implementaticn. The test planning shall, as a minimum,
includa the following. - : : . ;

a. Test abj-ect'!ve and requirements,
b. test ftem description and mumber to bae tested,

c. test conditions, environmental, operational, and
performanca profiles, and the duty cycle.

d. relifabil{ty growth model and raticonale,

e. test schedules and milestonas, including the tast Y
pregram review scheduie, ) ’

f. test conduct ground rules, failurs eritaria, and : .
{ntarfica boundaries ,

g. - tast facility and equipment dascriptions and
_ requirements, . T T

h. data collecticn and recording requirements .

e Tiusdese moodosneatss 2md wabhods o8 oot aTss
MRS diad FUWEI CHEIT ) G NG Wil U GGl idl

o - .
(A1 LI -

J. CGovermment Furnished Pruperty (GFP) requiremsnts : B
and impact, and Tl
k. description of preventive maintenance to be aczomyiished - . - T

Aol mer Pase -
WARE 1Y wiped we

4.2.2 Reltability aruwth modals. As part of the reliability growth, _
tast planning, te coniractor shall generita a relifadbility growth model based - -
an previcus development programs for systams/equipment of tha same tyve a3
will be developed undar the new procursment, This fs nucessary to help. -
detarmine the length of the reliability growth tast period and to-provide.
graject management with a means of wonitoring progress as the test procaeds.
Unless otherwise specified, the growth model of 5.3 shail be used.

4.3 Test conditions and stress levels. Sinca the purcose of reliabiliry
growth tests 1S TO Induce rallurss o0 uncover weakness in design and com- -
ponemts, the testing shall be done under the canditians Tikely ta he ene
coumtered in fi{eld usa. Therefore, tha stress types and Tevaels shall be
salectad using the mission and envirommental gcrofiles and operational re-

- quiresents as gquides. Typical datailed requirsmants for specific catagaories
of equipment are given in Appendix 8 and £ of MIL-STD-731 which caver tha four
typas cf.cgst canditions, as specified in tha Test conditions/levels paragraphs
af MIL-STU-781. The test ccnditicns/levels wiil ta applied simultanecusly, in
so far as possible, and usually in a cyclic manner.
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‘4.4 Test instrumentation and facilities.. Test instrumentation-and. ... ..
facilities used in conducting the tests shall be capable-of providing or --

meating the conditions of Appendix £ of MIL-STD-781. -

oo 4.4.1 Tolerance of tast conditions. Unless atherwise specified in the
equipment specitication, tolerance of test conditions shall be a< follows:

a. Temperature: plus or minus 2°C {3.6°F) et

b. Vibration ampiitude: Sinusoidal, plus or minus o
10%; random; as specified in MIL-STD-810 and e

MIL-STD-781. ) LLeITTe

Aamiccam a ol deam A

. 4.4.2 Accuracy of test apbaratus. The accuracy of instruments.and
. other tast equipment used to control or monftor the test parameters shall
ba verified periodicaliy in accordance with the requirements of MIL-C-45662
-and to the satisfaction of the srocuring activity. All {nstruments and
test equipment used in conducting the test shall: o

a. Conform to laboratory standards whose calibration -
1s traceable to the U.S. Bureauy of Standards.

b. Have an accuracy of at least cne-fourth the tolerance
for the variable to be measured ’

- MW wwe

¢. Be appropriate for measuring the conditions concerned.

4.5 Pre-test and post-test condftions. Unless otherwise specified
herein, or in the equipment specification, all pre-test -and post-test
measurements and tests shall be performed at standard ambient conditions.
Standard ambient conditiaons are: - -

-

[~fal

s - - oy
ty : U

Ua e

Temperature : 23° * 10°C {730 + 18°F) - .-

Relative humidit

Atmospheric pressure: 7258 :??5 m Hg ) el

+ 50.8 mm (+2.0 in.) Hg
28.5 - 76.2 mm {-3.0 in.) Mg
: Whenever standard ambient conditions must be controiled in order tg cbtain
.| reproducible results, the above shall be used with whatever tolerances are
“required to obtain the desirad precision of measurement. - Actual test con-
ditions shall be recorded during the test period. whether controlled or not.

4,8 Performance of test. : R

4.6.1 Pre-test performance. Prior to conducting any test, theé per-
formance level of the $nsSt item shall be established under standard ambient
conditions ynless test circumstances totally preclude this. A record shall

. be made of all data to determine compliiance with required perfaormance and
to provide reference labels or criteria for checking (when applicable)

desired performance of the item during and at the conclusion of the test.
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The pre-test performance check may be made after fnstallaticn of the ftem
in the tast facfiity {f {nstallatien condictiaons necassitate it. The can-
ditions. of this tast will be standard ambient unless otherwise specified,

4.6.2 Perfarmance during test. QOperation of the tast {tem {s.required ..
during the speciried tast cycle and a recard shall be kept of the data far
comparison with pre-tast and ‘past-test performance. The conditians duriag
the performanca check shall be those specified in the equipment specifi-

‘cation and defined {n the test plan.

4.6.3 Past-tsst performance. Operaticn of the test {tem {s required
at conelusion of tha test and a record shall he kapt of the data faor com-
"parisan with pre-tast and during-test performance. The conditions of tast
will be standard ambient uniess otherwise specified. .

Failure recording, analysis, and carrective action svstem {(FRACAS).

4.7.1 Closed-lacoo system. A close&-lcuo fa{lure data collection,
analysis, and corrective acticn sSystem 1% an {mportant gart of the TAAF

. concagt of the reliabil{ty davelapmens test. Therefors, the contractor

shall have a comprehensive clasaed-lcop system to identify, regort, investigats,
analyze. and correct all prablens or failures that accur during the relfabilify
daveiopment tasts, and prevent recurrence of all problems or failures-cdue to
design daficiencies, GFE {s excludad unless atherwise dirscted by tha precuring
activity... The cantractor's existing failure reporting, analysis, and corfective
adctian systan may be ytilized with minizum changes necsssary to meet the
requirements of MIL-STD-785 and this document. The system shall caver all tast
{tems and the {ntarfaces between the tast items and the tast instrmmentation -
and facilities, tast procedures, tast persannel, and the handling and cperating
1::?:1‘1:;-:1@3. The systsn shall pruvide for the activities of 4.7.1.1 through

4.7.4.1 Prub?em and fatlure action. At the cccurrenca ¢f a preblem or .
failure that arfecss satisfactory cgeraticn of the equipmant, t.‘te Faﬂure T
Action paragraph of MIL-ST0-781 shal‘l apply.

4.7L1 Problen and failure reocr-ﬁn . The problem and failure_ rgscaorting
shall de {n accoraanca with the Analysis of Failures paragraph of MIL-STU-781.
The informaticn to be determined shall include, but not necessarily be
‘liurlted :ﬂ. the following:

. The tast operator shall initfata the pmh]e-.n and failyre
,report, rac:r:nng information which will indicate sympeems of
. failyre, . test conditions at time of failure, and {dentification
af failed equipment:.

5. The ecantractor's repair activity shall gbtain information
for each indapendent and degendent failure and shall detzrmine the
.extent of can¥irzation of the failure symproms, identify the failures,
and canfirm all repair action taken.
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. €. Project or design engineering activity shall

analyze and idengify all part failures, analyze the - -

equipment design, and the corrective engineering actfon- 7" -~ - . LT.ToS
taken. [f no corrective engineering action is taken, RS R T
then such action must be justified. ToToo T ot

d. The contractar’'s reliabhility engineering activity TR
shall review the analysis and the corrective action to - - e
ensure that relifability design 1s not degraded and revise =~ " °
the FMEA and reliabflity prediction, {f necessary.

4.7.1.3 Classification of failures. All problems and failures.shall__. - ._. . _°
be classified as specified in the Failure categories paragraph of MIL- STD-7817 -
as. relevant unless determined otherwise by the procuring activity s

4.73.4 Problem and failure investigation. AW} problems, ma‘lfun':ﬂdr'ﬁ..
and failures shall be investigatad to determine cause of each equipment or
part problem or failure, including Government Furnished Property included
in or as a part of the test item. The investigation shall consist of any
applicable method, inciuding labaratory analysis, necessary to determ1ne L
the cause of failure. (See 4.7.1S for GFE equipment.) ° - N S

4.7.L 5 Corrective action. Corrective action shall be as specifﬁuL”___._.,",’

" {n MIL-STD-78T. Corrective action shall be developed and implemented

for-each problem or failure to prevent recurrence. Formal engirieering
change proposal procedures are not required but the procuring activity
will review the corrective actions at the scheduled status reviews prior
to. implementation. In all cases, the failure analysis and the resulting
corrective actions shall be documented by the contractor. The effective-
ness of the corrective action should be demonstrated by -testing under the
same controlled conditions that existed when the original failure cccurred.
Approval snall be cbtained from the procuring activity wnen GFE -failures
rquire corrective action {beyond repair or remval and’ realacemant
required). : .

. 4.7..6 Problem and failure tracking and close-out. ‘The contractor. .
.shall include. as an integrai part of FRACAS, a method of tracking problems
and failures and corrective action implementation. The contractor's ex—. =

. isting .probiem and failure tracking system may be used with minimum changes
- necessary to meet the requirements herein. The status and- rasilts of the

corrective action for all problems and failures will be reviewed at the
scheduled status reviews. Problem and failure closure technical decisions

. for each problem and failure shall be reviewed by appropriate- contractor

technical management personnel to assure adequacy of corrective and close-
out action. Problem and failure clase-out shall require, as a minimum, that:

a., Cause of problem or failure has been identified
and understood,

b. all fafled ftems have been renaired or disposition
o determined,

.
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¢c. corrective action was tiken to prayent or
minimize the recurrence of the problem or

e failure,

d. {f probliem or faflure {s correctad by design
change, that the change has been incarporatad ) R
and tasted proving its effectiveness, ' -

e. an analysis was made to dstermina if any non-
* failed parts were gverstressed and the cver-
stressed parts replacsd, and

. f. the prablem and failyre report close-out has
besnt reviewed By cugnizant technical and
managerent perscnnel to ensure corrective and
close-cut actian adequacy.

4.3 Test orogram reviews. The contractor shall perform test program

raviews that snall oe scneculed milestones throughout the reliability tast.
and shall te identified on the tast schedules. Attendance at these

reviews will include the precuring activity and contractor and their des-
1gated representatives. The procuring agency shall be notified at least
tan days prior to the scheduled data 20 éonfirm the test program.raview. -
Thesa reviews shall be documented by the contractar and’ mcludad s an
appendfx to the Raliability Status Renort.

4.8.1 Test rmadiness reviews, A test readiness review shall ba.
planned and schequled at lcast saven days prior to the start of any test
to assure that the test {tem and all supporting elements are.ready to begin
test. The tast readiness review shall i{nclude, to the extant applicable,
the following:

a. Resylts of raliability prediction and analysis,
. b. stamus of design and fadrication,

¢c. resules of all applicable grevious tescts,

~d. summary of the cpen protlems and faflure,

e. status of pruoblem and faflure closures,

f. avallability of test prucadures approved by
:gs‘trupﬂam perscnnel to indicata technical
' o,

g. status of pravigusly assigned action {zZams,.
h. assignment gf acticn items resulting from the -

l'!ﬁel. and
1. conclusions of review {(test start approvai/disappreval).
4.8.2 Status reviews. Formal reviews shall ce scheduled 3t prenlanned

milettanes during the re{lability davelaopment tmst to permit ‘the contriceor
and precuring activity to review the status of tasting including the rusulcs

10
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achieved. The status reviews shall be schéduled in accordance with the -
‘contract, usually monthly, and shall include, to the extent app1icable. .

but not necessarily be limited to, the f0110u1n9~

a. Current relfability grnwth assessments and pro- - - U7

Jections -based on test results,

b. resylts of current problem and failure investi-
aatians and engineering analyses,

¢. preventive and corrective action recmnnendat1ans, :

d. potential design problems based an the prevent'lve -
and corrective action recommendations,

e. status of subcontractor and supplier, or both, SEREEDRES

rel{ability development tests,
f. status of previocusly assigned action itams, and
g. assignment of action items resulting from the review.

4.8.3 Test comnletion review. A test completion review shall be "

scheduled at the completion of any test. This review shall-be-conducted -

to evaluate the results of the testing in compliance with the require- -

ments of the contract, equipment specification, and this document. -This -

review shall include. to the extent applicable, the following:’
a. Current reliability growth assessments and achieve-
ments based on test results,
D. status of gpen problems and failures,
c. status of preventive and corrective actions,
d. status of previously assigned action {tems,
-]

ags'lnnmpnt of actian igm rneu'!f'h-m from the

revieu. and
f. conclusions of the review.

riIL-8TD-781.
4.9.1 Status regort. The contractor shall prepare a status report
in accordance with MIL-3:10-781.

4.9.2 Failure summary recort. The contractor shall prepare and
mafntain a failure smnnary report in accordance with MIL-STD-781,

4.9.3 Final resort. The contractor shall prepare a final report

in accordance vnth MiL-510-781.

11
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4.10 Government furnished procerty (GFP). ‘ Equipment, facilities,
and matertal rurnished by the goverrment wi be specified in the centrace.
Aay GFP included {n the equipmant to be tasted will he accompanied b}‘ .
applicable existing rel1ab111ty tast data, .

4.11 Inspection. The contractar shall pamit fres accass to his ..
facilities Tar inspection of facilities and recaords by Procuring Activity
perscnnel or its designated mentat‘ive-

12
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5., OETAILED REQUIREMENTS. The detailed requirements shall be as
“‘outlined in the equipment specification, the contract qr-order, or-as
specified herein. to - :

5.1 Conditions preceding the reliability tests. c e

—_——- — - =

5.1.1 Functional and envirommental tests. These tests provide-a-
necassary complement to the reliability development tests and shall be .
completed prior to the start of the raliability development tests, unless
otherwise spacified by contract. Lttt Ll

5.1.2 Thermal survey. A thermal survey shall be performed in

accordance with the thermal survey paragraph of MIL-STD-78Y.: . ST

5.1.3 Vibratfon survey. A vibration survey shall be made prior
to the {nitiaticn of the reiiabi'lity growth test. The survey shall

include vibration amplitude and frequencies expected in operational
use (ses the vibration test methods of MIL-STD-810.) The results of
‘the vibration survey shall be documented and shall be an agenda jtem
for the reliability growth tast readiness review. e -l

'5.1.4 Reliability test procedures. The contractor shall determine . -
the detail tBst procedures in accordance with the reliability test pro-
cedures paragraph of MIL-STD-781. :

5.2 Test orocadures and reauirements.

§.2.1 Equipment performance and operation. The performance and
operaticn requirements and the characteristics to be measured shall be
{n accordance with the equipment performance paragraph of MIL-STD-781.
Equ‘ll?nent operation includes on-off, usage, and equipment {nput voltage
cycling. -

5.2.1.1 Equipment on-off cveling. The equipment on-off cycling - :
{s the number of times that equipment will be turned ON for preoperational .~~~
checks on run-ups, plus the number of times turned ON and OFF from the
completion of one operational mission to the completion -of the next, in
normal operational use. Additional on-off cycling for normal maintenance :
and repair s not included in this definition. . . v

5.2.1.2 Equipment tast cycle. The equipment test cycle (usage -
cycle or performance profile) 1s the time phase apportionment of modes of -
operation and function to be performed by the equipment from the completion
of one operational mission to the completion of the next, in normal oper-
aticnal use. Test procedures shall be defined to. exercise all specified
modes of operation during each tast cycle.  Alternative tast cycles or
performance profiles, when applicable, may be specified in the equipment
specification.

13
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§.2.2 .Performince paramaters and tolerances. The electrical and mechanicl.”
performance gucputs and characteristics to be monitored and measured during the
tast shall be specified in the equipment specification and described {n detail in
the tast. plan and tast procadures and shall include the-quantitative range of

accaptable performance for each parametar. Any performance cutside these Timits -
“'will be recorded as a problem or failure, whether gr not the equipment ceasas to

sperata.

§.2.2.] Menitorina. The specified performance parameters should be moni-
tared in ordar to record problems or failures at any time they ccour during the
duty cycle. Periodic monitoring schemes apprupriata to operaticnal use zmay be
used when approved by the praocuring activity. Built-in test (BIT) included as
part of the equirment desien shall be used as part of. the problem or failure

. dataction mathad.

.

) §.2.2.2 Maasyrements. Maasurements shall be 1n accardanca-with the
measyrements paragrapn ot HIL-STD-781.

§.2.3 Eavirormental canditians, Unless otherwise specified, the. environ- .
mental conditions and the ccmoinations of environmental exposure types and levels .
t3 ba applied during the tast cycle, and their variance as a function of test
time shall be as spacified {n the cantract ar equipment specifications and the -
tast grocedures. Appendix 8 of MIL-5TD-781 discussas the tast conditions for
reliabtlity qualificaticn and acceptanes tasts, including the analyses necassary
to astadlish qanditicns appragriata the the particular system or equipment,

$.2.4 Test cycle (tyofcal). The general features of one-complete tast. ..
cycle, when zamperature cycling is specified, are as specifiad in a through g and
1l1lustratad'in FIGURE 1. Particilar stress levels, rates and frequencies of

changa, and equipment ON-QFF and tsst cycles shall be specified in the equipment
specificaticn and described in the tast plan and tast procsdurs. .

) A. With tast item and vibraticn OFF, coal chamber to lower temperature
and allow aquipment tamperature to stabilize (cald soak).

b. When tost {tom tamperatyre has stabilized at lower temmerature, .
turn equipment ON and perform spgecified number of preoperaticnal checks.

_ €. Upen completing the preaperaticnal checks, heat chamber to highar.
cperating temperatyre with tast {tem ON and vibration QN and commence specifiad
tast cycle for tima spacified, or if no time 1s specified for two hours. Unless
otharwisa specifled in tha equipment specificaticn, tha rata of chamber tommara-
tyre changs shall average S9C/mfnuts, When specified by the procuring aczfvity,
the chamhar temparature shall be cycled between the upper and lower cpaerating
temperatures of the equipment during this porticn of the tast cycle at the
specifiad rata and frequency of changa.

d. Upen czmpleting the tast cycle periad, turm test itas and vibra-

tfon OFF and allow tast item tamperature ta stabiliza at higher temcerature
{Reat scak).

14
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e. When test {tem temperature has stabilized, turn
equipment ON and commence preoperational checks. i

- e s e e o m o

f. Upon compieting specified number of pregperational
checks, cool chamber to lawer operating temperature with
test item ON and vibration ON and commenca specified test cae e
cycle for the time specified, or if no time is specified, - -- - - -
for two hours. Unless otherwise specified, the rate of-- -
chamber temperature change shall average 5°C/minute. When,
specified by the procuring activity, the chamber temperature
shall be cycled between. the upper and lower operating . :
" temperature during this portion of the test cycle at the .
specified rate and frequency of change. = .-

g. . Upon completing the test cycle period, turn test
{tem and vibration OFF and allowtest item temperature to
stabi}i§e at lower temperature (cold soak). Repeat cycle
a .

- 5,2.5 Test items. The test items for the reliability deveiopment
test shall be preproduction equipment as defined in MIL-STD-280. GSE™ 7
preproduction equipment must be representative of production equ1pnents
in design, materials, conf1gurat1on. and workmanshlp execution in
accordance with MIL-5-8512. Advanced deveiopment or engineering devei-
opment equipment may be used when specifically authorized by the-procuring
activity. The number of items selected for test shall be based on equip-
ment complexity, program needs, and the program schedule and shall be
specified in the cantract or equipment specification. Unless otherwise

spacified in the aquipment specification, the number of items selectad for
tasting shall be two and shall be described in the test procedure.

5.2.6 Test Tsnath. The total test time devoted to reliability growth
tasting shall be based on the reliability growth model, the experiénce- of
the contractor, and the quantitative requirements of the equipment's re-
1{ability specification. The test shall be a fixed Tength test and shail
be approved by the procuring agency (as part of the test plan) before
testing starts. It will be the maximum time expected to achieve the

growth in the current reliability necessary to reach the predicted re-
11abllity {usually in terms of MIBF). Fixed length test times of 5 to
25 multiples of the required MTBF will generally provide a test length
sufficient to achieve the desired raliability growth.

§ 2.7 Tnefa1laf1nn of test {tem. Test item shall be installed in

accurae;;e w1£;-;ﬁe instailai;aﬁ of‘Test [tem in Test Facility paragraph
in Appendix E of MIL-STD-781. .

5.2.8 Testing the set-un. The equipment and the test facility
shall be operated after tast item installation to determine that the
test set-up operates pronerly under the required test canditien.

15
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5.3 Relfability arowth modei. The Ouaner reliability growth :
madel shalT De used 1n planning cne TAAF program and as the basis for _

raliability growth measurement and srojection. This model is based un
the premise that, {f corrective actions are Ilmplemented during the course
af a development test pruogram, the reliability growth (in terms of MIGF
improvement) is approximately proportional to the square-root of cumyla- -
tive test (operating) times. With MTBF plotted on log-log paper, using -
MTBF as the ordinate and cumulative tast time as the abscissa, reliability
growth approximatas a straight line. The slope of the line, m, 15 3 .
measure of the growth rate. FIGURE 2 {llustrates the Quane reliability
growth modal, Refarring to FIGURE 2, the prubable range -of reltability growth is
representad by the two lines with @ of 0.3 and Q.6. respectively. A
Tower slope than 0.3 would indicata a relatively poor faflure carrective
action plan and aa m of 0.1 would represent no planned reifability growth
pragram. A slape of 0.6 to Q.7 reprasents the maximum growth rats ta be
- sxpected when strong fa{lure analysis and corrective acticn implementation
activities are carried cut in conjunction with the test program, The growgn
rata that can be axpected for a particular piece of equipment depends on tha
complexity of the hardware, the experience of the manufacturer in davelopin)
such hardware, and the efficiency of his failure analysis. and correcstive
action system, ..

The staps in develcping a ralfability growth tast model are:

. a. Using two or three cycle log-lag gragh paper, draw
rorizental lines at the required MTBF value and at the pre-
. dictad MTBF value (Qp)y.if the two values diffar.

b. Plat growth curve start paint at 100 test hours and
* 10 parcent of predictad MTBF value (for MTBFs of 200 hours.or - - ©- @.
less). [f the 6, fs greater than 200 hours, the growth curve -
should start at 3 test time aqual to SO.percant of the MTBF.

¢. Qraw line representing selectad ¢rowth rate {waich
determines the sicpe of the line, m). The selected growth
rate curve 13 considered the baseline against which reliability .
growth can be evaluated during the reliability davelepment tast.: . -
Appendix A discussas typical growth rates. Le

d. The intaersection of the selectad ¢growth rate curve and
requ:red MTBF line yields an approximation of total test time .

1/ E.D. Codier "Raliability Growth in weal Life", Procesdinas. 1963
Annual Symoosfum on Relfability, New York: (ESZ, Jan., 196

2/ Sone contrictors establish an equicment design goal of 125 pareant
6, for the predictad valus of MTSF.

18 -
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" During actual testing, cumulative values of MTBF versus cumulative
test hours are plotted and compared with the selected growth rate curve.
Assessment of the reliability growth is described in §. 4 In the event
U'ld[ l'lu [dlluru: U‘.I.I.Il’ Clll G] l.clllllb.ivc wu}d bc \.U Pclmll- ECDL i.«l‘.:liﬂl'" . L
nation at some fixed time such as when 90 percent confidence in the upper
test MTBF is achieved. This point is reached at 2.3 times the upper taest
MTBF with zero failure. This alternative would necessitate adding a
* fourth acceptance condition to the three conditions listed in 5.4.1.

5.4 Reliabtlity assessment. Reljability assessment shall be a
continuing activity throughout the reliability program but during the = -
reliability growth test peried, it shall consist primarily -of monitoring
the reliability growth by comparing the achieved reliability progress with--
the planned reliability growth test model. As long as the achieved re--

11ability growth corresponds favorably with the planned growth, as presented -

in the reliability growth test plan procedures, satisfactory performance may
be assumed. [f the growth s significantly less than planned (after enough
data has been collected to establish a growth rate), a careful analysis

mist be made to detarmine the reasons for the paoor performance., Probahbly

an increased effort will be necessary to implement a corrective action plan,
This pian shall be subject to approval by the procurﬁng activity:.:

5.4.1 Reliability qrowth mon1tpring The reliability growth shall be
monitored throughout the test using a graphic plot of the observed MTBF
exprassed as a point estimate. Tre paint estimata {s the cumulative MT3F and
is calculated by dividing the cumulated tast time by the total of the
fajlures that have occuyrred up to that time. The plot shall be made on the
samg graph as the reliability growth test model, described in 5.3. This
piot shall not be adjustaed by negating past failures because of present or
future design changes. This curve shall be identified as Cumylative MTBF.
The best fit (the method of least squares may be used) straight line through
the first few {3 to 6) plotted MIBF points will estabiish the growth rate

and can bas ‘_cmpared d'!re!'f’}l with tha nlannn{l gmufh 11nn Thn l:lnnn {m\

of the best-fit straight Jine drawn through the plotted po1nts represents
the growth rate.

§.4.1.1 Reliability growth test conditions. The reliability growth

test and its associated faitlure anailysis and corrective action activity’
ca? be considered satisfactory if any of the conditions of a through ¢
exist. .

a.  The plotted MTBF values remain on or above the planned ‘growth line.

b. The best-fit straight line {s congruent with or above the
planned line. .

c. The best-fit straight line is below the planned line but its
slope 1s such that a projection of the line crusses the horizontal required
MTBF line by the time that the planned growth line reaches the same point.

19
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[f none of the above conditions exist, it can be assumed that the
planned reliability growth cannat be alhieved with the currant level
af activity. This situation requirvs that a corrective action pldn be
genurated and, after approval by the procuring activity. implemented.
Bafors the corrective actifon plan can be determined, a careful analysis
of the squifment design and related failures shall be accomplished to.

ascertain the problen areas and passible design modifications. .. ..~

.§.4.2 Current reliability. As the reifability growth test continues,
the current grawth line should be constructad and progress toward -~
the predicted MTBF noted. The current MIBF {s the cumulative
MTBF dividad by 1-m. This 1fne wili parallel the best-fit cumyiative
MTBF line and {ndfcata MTBFs at a factor of 1_1_ dbgve the cumuiative

-
MT3Fs. This will provide an indication of what the smogthed present
relfability is at the current cumulative test tima and will represent .
the probable value of MTBF {f no further corrective action were {mplementad.
fharefore, when the current MTBF reaches the predicted MTBF valye, the
raliapility growth necessary to demonstrate the specified reiiability at
a reasonabla confidence level, during a formal reliability demonstration
tast, has been achieved, If this gccurs befaore the planned tarmination
of the growth test, the procuring activity may agprove an early tarmin-.
atian date. .

S.4.3 Alternative: movima average reiiability assessment. A
mnving average of achieved reiiadility may Qe consiructad by arranging' -
the failure times (accumulated test times between failures) for the equip-
ment on test in chronalogical arder of occurrence. The moving average for
any specific mumber af failures fs. computed as the aritmetic mean of the -
failure times selected sequentially and in reverse crder. For example,
the moving average far twa failures is obtained by adding the last two
failyre times and dividing by two; for three failurss, by summing the
iase three faflyre times and dividing by three; dnd <o forth. The numker
of faflures to be used in the computation is arSitrary but is restricted
ts ten or less (sea Appendix A). This curve, if used, will ge identified
as Maving Average and the number of failures used for computation shall ’
be noted. ;

S5.4,4 MTBF estimation from fized-length tast olans. MISF estimation
from fixed-length test plans shall Ge in accordanca with MIL-STO-781. " -

§.5 Failura analysis and carrective action. A closed-lqap system
shall have been imPlemented berare the start af the growth-test £ -
1dantify, recort, favestigata, analyze, and correct all probiems or
failyres that ocsur during the reifability development tests, and prevent
recurrsnce of all problens or failures due to design deficiencies. This
systen (s described. {n 4.7. Reliability gruwth will aqt be attained unless
an effective FRACAS is implemented and rigorously pursued.

hy
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‘5.6 Maintenance. Maintenance during: this test shall be limited. to
correction of ratlures excest as follows. Preventive maintenance shall -
be performed only to the extent specifically defined in: the-test plan or-.

" on the equipment drawing or specification. Adjustment of operator’s - --. --

controls shall not te considered preventive maintenance:--Suspicion of - .

an incipient failure shall not be used as justification for: replacing ~ -.

a part prior to fts actual failure, unless specified by the: procuring -
activity that these may be removed or corrected during maintenance to _: -
prevent failures during the next operating period. I[f parts. are re-. - -

placed during a non-gperating period, the incident shall bé-classified -.:::

as a fallure and aporopriate action taken.

5.7 Test records. When not specified, tast records shall be .
maintained continucuysly in general accord with Appendix_0- of MIL-5TD-78T. 77"

- §.8 Combined onvironments test criteria. The environmenta1-criter1_a__

" to be used for relisbility davelopment testing shall be based: ondctual

environments that will be encountsred by the equipment in the- field.
Typical combined environments versus equipment usage categories are pre-
sented in 4.3 and Aopendix B and E of MIL-STD-781.
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6. NOTES AND CONCLUDING MATERIAL, - R

. 6.1 OQOrdering data. Procurement documents should specify the
following: ' R -

a. Title, numtar, and data of this stand&rd.
b. Application (see 1.2). '
c. Classificazion (see 1.3)}.

. d. If testing may be initiated when the dasign does not have::
-a predicted MT3F (ep) equal to or greater than the upper test MTBF (&g) -
(see 4.2.1.1). o .

e. 1f GFE is not excludad {see 4.2.1.2).

f. Growth model if other than the one specified in 5.3
(see 4.2.2). Lreo-
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h. Equipment, facilities, and matarial furmished by the
. ' Govarnment (see 4.10).

. [f functional and environmental tests are not required to
be écmpleted prior to start of reliability development-tasts (see 5.1.1).

j. Altermative test cycles or performance profiles. when
| appl{cable (see 5.2.1.2).

‘ k. The electrical and mechanical performance outputs and
‘ characteristics to be monitored and measured during thé tast (see 5.2.2).

1. The environmental conditions and the combinatiens of
environmental exposure types and levels to be applied durirg the tast
cycle, and their variance as a function of test time (seé 5.2.3).

\ m. [f the rate of chamber temperature change {s not roqu1rod to
average SOC/minute (see 5.2.4 c and f).

n. if number of items selected for testing if gther tnan two
(see 5.2.5).

o, Extent of preventive maintenance (see 5.6).

23
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6.2 0ata requirements. Oeliverable data required by this standard . -.
fs cited in the follawing paragraphs. | e

Paragraph Qata Regquirement ‘ Applicable DID
8.6.2,5.2.2, Plan, Raliability Test 01-R-7033
§.2.4.5.2.6,5.4 ,
4.7.1.5,5.4.1.1 Plan, Corrective Action DI-R-7038
3.3 ' Rapart, Relianility Status 0I-R-2119
5.1.2 Regpart, Themai Survey 0I-R-7Q36 .
5.1.3 . Rapart, Vibratign Survey 0I-R-7037
5.1.4,5.2.2, .- Prucedures, Reliabilizy Testzs 0l-R-7Q03% ..
$.2.4,5.2.5,5.4 VRO
§.5 Repart, Failure Surmary and - Al =R-7041

Analysis

Presaring activity:
Navy -« EC
(Preject No. RELI-NOOQ7)

24



‘Downloaded from http://www.everyspec.com

MIL-STO-1635(EC)
3 February 1978
APPENDIX A
NOTES ON DUANE RELIABILITY GROWTH MQGEL AND L. o
. AN ALTERNATIVE APPROACH OF MOVING AVERAGE ST T

10. ‘Scope. The information in this appendix is instructional-in nature - - -
for the guidance of the procuring activity and the contractor {n planning
a reliability growth test. [t does not contain direct requirements of -
this standard. ' o It

20. Duane reliability growth model.

~
20.1 General. In 1962 J. T. buanel’ fssued a report that postulated
a growth model which easily utilizes and explains growth test results, and
gives an early reliable indication of where the tast is headed and how
fast it's getting there.
Quane's postulate was that as long as reliability improvemeg} affors
cantinues, his mathematical expression would hold, ecuation-C-1. :

AL = % a X ym c-1

cumulative failure rate
total test hours
failures during W
constant deS?rmined by c¢ircumstances
growth rate=

FAxMIM
[ ]

The original mathematical model was expressed in tezrms of cumulative
failure rate;but,curreantly. since equipment reliability is generally ex-
pressed in terms of MTBF, the C-2 equation &/ is used.

QT M | : c-2

r 4
[}

R MTBF - required
M = MTBF - initia)

time at which initial data point is
plotted {pre-conditioning time)

[a)
—
da

1/ Ouane, J. T. Technical Information Series Report DF 62MD30Q0, General
Electric Co., DCM&G Oept., Erie, PA 1 Feb. 1962.

2/ E. 0. Codier “Reliability Growth in Real Life", Procaedings, 1968 Annual
Symposium on Reliability; New York, [ESE, Jan., 1968.

g} m has bevn substituted for -, since - is the symbo)l for producer's risk.
A/ ASD-TR-7.-27 "fResearch Study of Radar Reliability and Its Impact orn

Life-Cycle costs For the APQ-113, -119, -120 & 144 Racars”, April, 1973
AESD, Gen:ral Electric, Utica - pg. 41

25
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TI: » time az which the ifnstantansqus MTZF of
the equipment under tast will reach the
MTBF requirement :

m = growth rate

Normally, the cumulative MTBF (M.) is measured in test and converted to
instantaneous {(or current) MTBF fm) by dividing by 1 - m, that is,

Hc
"i * T-m

The cumylative MTBF is plocttad versus cumulative test tima, 3 straight
line is ficted to the data and™its slope, m, is measured. The current
MTOF line {s then drawn pariallel to the cumulative 1ine but dispiaced
upward dy an offsat equal to _ 1 . The carresponding test tine at

-m
which this line reaches the required MTBF {s the expected duratien of -
the growth test. Much evidence has been accumglated since Ouane's ariginal
regort that verifies the adequacy of the Quane madel in representing the
real world of reliability growth testing. Futhermore, failure to provide

the -time and.dollar rescurces necassary for reliability growth is an error-..° -

c:lmnitted mych too often in researgh, development, tases, and avaluation
planning. :

20.2 Growth rata factors. The m is the average slooe af the cumu- _ .

lative MTBF curve, Mc, plottad on lag-log paper. Where a systanatic and
delfberate reliability improvement effort is Being made, m is usually
found to Se in the range 0.3 to G.8. The value is:

3. Higher for analeg hardware than for digital harcware.

9. Higher in equipment of low maturity than in producticn
hardwars.

¢. Higher in equirment expused tg severe test conditigns
than in equipment (for example) yndargoing hench tasts - -
(in other wards; the adility to detect a preblem is
directly related to che ability of a particular test
program o cause the failure g accur).

d. Higher i{n proporticn to the effgrt expended in the
hardwars-oriented relifability improvement grogram.
(See footnota 2/ on pg. 25) - o
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‘The growth rate is influenced by: (see'footnote'g/ on pg. 25)

(1) The systematic and permanent remaval of failure S
mechanisms through taking corrective action. el

(2) The rate and efficfency in failure removal.

(3) The statistics of the underlying distribution o
of failure mechanisms whose failure rates prevent

the {nitially released system from achleving its

-full potential.

Removal of avery systematic failure mechanism from a uniformly d1str1buted
set of sources results in a growth slope of m = 0.6. Removal of aiternate:
failure mechanisms from the same source distribution causes a gruwth slope -
of m= 0.23. ~ : Sl

© 20.3 Removal of systenatic fai!ure mechanisms. Available data from -
1ndustry show conclus1vely that products tnlttaliy released for manufacture

P T L B e ] = e e A [ - e - - ol

exhibit a MTBF that is near 10 percent of the inherent, or latent, product

-capability as predicted from parts performance. If My is the predicted - .-

MTBF, Mg/10 1s the initial performanca and 1Qxp -is the initial failure
rata., Furthermore, regardless of the underlying failure-distribution; the -

" {nftial performance is evidently M,/10. This fact implies that the under- .

lying failure distribution 15 bounded, constrained, such that the sum of
the failure rates of all the systematic failure mechanisms which dilute
equipment early performance and the non-pattern failures which one accepts
and identifies as ip is 10xp, that is:

= 0, - 1
A+ = AT = -—
s=1 % P pM -
s3n : :
Thus, =— N - . -
s =1 P

. Thesa systematic., or pattern, failure mechanisms have an assocfated-

failure rate Ag that is relatively close to the equipment failure rate

» but which is severail orders of magnitude above and, therefore, dis-
t?nguishahle from the failure rates of the parts themseives. The removai
of these systematic faijlures through an orderly and planned program of
test, analyze , and fix (TAAF) is one of the basic principles of relia-
bility growth management.. As the systematfc failures are removed and
corrected, the MTBF of the equipment will approach the predicted MTGF,
or 1 , based on part failure rates adjusted for actual use environments.

Ap
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Thers ars many practical factors which tend to limit the value of m:

a. Failure rates of cattern praoblems are destributed
" aon both sides of Ao,

b. The distributions are rarely synmutr_ic.
c. Carrective actions are not always perfect. - e
d. Failures do not occur at the same time.

a. The corrective action cycle time far each
failure mechanism i1s really not the sfame.

f. Every failure cause is not discovered and .
¢) izrinated.

Thesa real-l{fe considerations have led to the conclusicn that a practical
achinvable ypper growth limit of m is 0.6, & number barme cut by extansive
reliability ¢ast data on a variety of electrunic and electmechan!cal
products, .

20.4 Notes on plotting. In general, only data points corresponding

" tg the occurrenca of failures should be retained on the analysis pla€ for
the gurpose of detarmining slope. For presantation purpasess it 1s dasirable
to update to timm now and plot a point which ifncludes all of the test time
accumulated up to time now, even thaugh the last failurs cccurred some time
aga. This {s a reasonable procedure for presentation but yields (meuretically)
a slightly optimistic paint which does not have the sama {nfgrmatfcn content as -
a fatlure point, and should not be included in curves used for slope-detarmine .
ation. When fitting a straight lTine to a Quane piot, the cunylative nature of. -
the data points should be borne in mind. The later points, having more-in-
formatfon cantent. must Ba given more weignt than earlier points, and the

nrormal curve-fitting procedure aof drawing the line through- the canter of

gravity of all the points should not be used. -Unless the data is excepticn-
ally noisy, the best pgrocadure is to start the line on the last data point

and saek the rugion of highest density of points to the left of ft.

20.4.1 4nat 2o olot. Far the basic analytical curve, the ardinate f5 -
cunulative faTlure ratea (or MTBF) and the abscissa is cumulative semathing --
whatever is being done to define faiiure rata, It may be test operate time,
temperature cycles, number of tries or thousands of rounds of ammunitien fired.
- The madal {s sensitive to the relaticnship aming faflure rate, {mproverent
gffort. and dyration of effurt, but does not agpear to care haw the duratian
s measured.

20.5 An examole of a arowth test clan. A hypothetical example of an
‘equicmant reliability growth tesc will oe presented based on the following
dssumptions: :

Required MTBF = 4400 hours {alsa the grediczad value)
{nftial MTZF (Mi) = 43 hours
Growth rata, m = 0.%
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_used to start the cumulative MTBF plot, that is, 104 hours
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" FIGURE 3 shows the plan, m.2 0.5, cumulative MTBF (M¢) growth line,

starting at My and 200 hoursif drawn at a slope of 0.5, This crosses
the 400 hour (9.) MTBF level at 20,000 hours. Hnwpvprt to ‘ebtain the .

Wit TuWW iIWW H SV 3w

expected tast time at which the current MTBF would reach 400 hours, -

the plan tine (heavy dashed 1ine) for current MIBF is drawn parallel :

to and displaced by a factor of __ 1 . above the M. line, that is..at ~ _ - -
l-m

‘values of MIBF 2 2 x Mo. The test time corresponding to the point where

the current MTBF crosses the 400 hour MTBF line is the expected tast time -
to achfave the indicated MTBF. In this case, it 1s 5,000 hours of 12.5 -- "
time 9 .- '

20.6 Monitorina the growth test. The failure data from the eI
hypothetica grcw:n test presentad in TABLE A-I has been plotted (X) ~ 7~~~ 7" 7
on FIGURE 2 show what might occur in monitaring an actual TAAF tes: Ce
There were many early failures and the My at 200 hours was only 16 hours
instead of 40. To get an early indication of the growth rate, the first
seven points for the cumulative MTBF were plotted in the upper left quadrant
of the graph and a best-fit straight line drawn through the points. A line.
with this slope was then drawn from the 100 test hours and 10 hours: MTBF . - i

point to project the measured growth existing at 100 hours. Hawever, ob— ... -
serving the cumulative MTBF's plottad between 1Q0 and 1000 hours, it-is - -
evident that the rate fncreased {m = 0.73) and the projected line through -

those points would come -much closer to the planned cumulative MTBF ‘line

than the first one based on 100 hours of data.

Instead of measuring the slope to arrive at m, the following mashe-
matical eguation may be used.

" REY TR, S

Where T = cumulative operating time ) -
GT observed mean time between failure at time T :

9, = initia) observed mean time between failure at T,
T] = grerating time to the init{al observed faflure
m = 3 constant representing the rate of reliab11ity growth

Picking of 91 at 400 hours for TI and at 1000 hours for T:

O«--

1.716 - 1,423

28. 1
- 2.6

Lo
Q

—le—
[ [
ONI
(=)
&y

V)]
O

r-mu

m a .73 e

This particular data tends to indicate, which is normal far growth tests,
that the first 100 hours of test data need not be plotted but should be

3T ures = 10 hours MTBF.

Now using the additional data up to 1000 hours, the current MTBF line should
be constructed to determine if the projestion of this line could: intersect
the plan for current MTBF line. The current MIBF line is drawn through

5/ one haif 8,
29
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TABLE [. Hypothetical Data for Reliability Develooment Test.-

Cumulative

MOYIRG AVERAGE MT3F

———— e e

Cumilative Curulazive Tima 3 v (1] TALLURE] .
Failure Tess Jatiesn hikts (N IS TABLE [NDEX)_ e
Ceunt Tima FaiTure .- . - -

- /"‘ ’ " z ' 3 4 5 5

1. 1 1 1 G Q 9 Q - Q
2 4 3 2 2 Q. Q Q. ]
3 3 4 3 4 3 a 0. @
4 13 5 k| [ 4. 3 0: 0
] 20 7 4 § 5; 5 4: ¢
6 9 10 5 9 7. 7 8 5
7 42 12 § 11 19 9 8. 7
8 57 15 7 14 12 1i 19 S
9 78 r4! 9 13 18 135 13 12
10 103 25 1¢ 24 21 19 17 H
1 138 32 12 29 26 24 21 13
12 177 41 15 37 3 10 7. 28
13 228 81 18 45 43: 38 3= kb
14 292 54 21 €3 52. a7 &3 . i
15 372 80 25 72 85 <3 gd- &3
135 473 - e} il ] 91 82 73 a7 - 52
17 539 125 s 114 102- EXd g 7
18 757 153 42 142 129- 113 j05. a7
19 926 199 1] 179 . 181, 148 133 121
29 1205 249 &0 224 292 133 187 . 182
21 1518 ns3 72 281 . 2%9 230 209 191
22 - 1879 381 8% 1 337 308 291 256 234
23 ’ 2282 333 98 5 372 2. 327 . 77
24 2588 406 m ' 395 383 364 42 319
25 3099 431 1233 ! 419 407 . 395 379 357

r

kY|
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t belwrary 1'0/1

M7HF values egqual to 1

— X cunylative MTRF values at the 400 and 1900

ngur test time paints:

at 400 hours : 1—l-73 = 3.7 x 26.5 = 98 haurs

at 1000 hours: 3.7 252 = 192 hours -

This {s Tine - C; ~, labeled projected cumulative MTBF, and {s cbserved to
c-os4 the Plan current MTBF line at 800 hours and crosses the 400 hour MTBF
*. e at 2850 hours, well ahead of the plan. This 1s due to the higher than
acrnal growth rate. -
[t will be naoted that the cumulative MTIF plot never gaot highser than

123 hours using the 25 total failures that occcurred in the 3099 hours of test
tima, [t 1s necassary to count all failures when calculatint the cumulative
¥TBF 0 maintain the nearly constant grawth rata (straight line) as failures
ars accumulated.and to enable a realistic projection of the current MTEF. -

- [n-the tast data plat, another slope change gccurred aftar 1000 hours.
uf-rasting indicating a slightly higher growth rata. A new.current MTZF
aroiaction could be constructad based on Che new sigpa but the sample is
smatl (six failuyres) and would give an overly epeimistic value- foar current
a8, (Ia fact, the growth rate for this hypothetical tast is considerabnly
nighsr than usually encquntarsd in actual practice.) The finmal result after
J09Y hours of test time fndicates & current MTBF of about 415 hours and a
cumylative MTBF of 123 hours. )

30. The moving averade aoproach. An altarnative method of monitoring
4 r2itabil{ey develocment (growtn) test is to record all failures and the
rimes of failyre gccurrence as was done in TABLE - [ and calculate a moving
warage MTGF by using the last few failures that have cccurred and the )
~yreesgonding elapsed tast time. The right-hand portion of TABLE I
cresencs the moving-averages utilizing 2, 3 ... 6 failurdés in the ccmou-
tatign. The moving average for 3 given numter of failures {s commutad

di. che arithmetic mman of the corresponding timas batwesn selectes secuen-
tiaily and in reverse order of gccurrence. For exampie, the maving average

af Tw0 failures {s obtained by adding the last two faflure -times and dividing-

3y tug; for three failures, by sumaing the last threa failure times and
dividing by three; and s¢ forth. The number of failures used in the éompu-
tation ts arditrary tut should be restricted to tan or less. [nitially, of

_<ourse, moving averages cannot be computed until encugh failures have cccurred.
Tha times between failures, salectad arvicrarily for this exammle, are arranged

in cnronological arder and indexed by the cumulative failure count. The
Tumuiative test Cime {s the toctal of all time between failures up t3 and
incivding the failure time indexed.
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© 40. Comparison of maving average MTBF and Duane current MTBF. In
comparing this approach with the previous 10g-1og plot, 1t shoula-be noted
that there is no easy way to project the reliability growth.and to estimate
the test hours required to reach the required MTBF. For comparison purposes .

the moving average MTBFs for two and four failures were plotted.on the. tharts ..

of FIGURE 3- as A2 and Ag. It will be observed that near the end of test, .
the Ay and A4 points straddle the projected current MTBF line.. Therefare, ...
t appears that the current MTBF value obtained from a Ouane plot is . LT
gqu:va1ent to the moving average of MTBF based on the last two.or three
ailures. AR ’
" Another advantage of maintaining a continuous plot, deviations fram the
established growth rate are easily discerned and, if a falling-off in . ~°
growth_rate is noted, fncreased effort should be appliéd to expedite carrez-. _ .
tive activity. Also, if a fixed test length has been specified, the Duane ’
current MTBF projection will indicate {f the present improvement- effort. is
‘adequate to reach the desired MTBF. However, the moving average does not
indicate success until the actual value calculated reaches the desired M7TaF, .
which may take the entire test length as required in the sample of TABLE I.’
The 24th failure at 2668 hours did indicate that the 400 hour MTBF had been
attained, but this {s based on only one sample and therefore, has a very low.

level of confidenca. - st e

i3
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