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FOREUORO

1. tIiIL-STD-781C% a complete rev~slon of i41L-STO-781Band makes extensive use of appendices.
The appendices expand and clartf var~ous sections of the standard and will aid both procuring

{activity and producer fn the SPP ~catfon of thfs standard.

2. The def~nit~ons of the mean-the-between-failures (MTBF) requirements have been changed to
. clarify the use of 00 and O which are test plan parameters.

i
01, the lower test MT8F, is

an unacceptable MT6F based n minimum requirements. 00 is the upper test MT8F and the accept-
~le HTBF. The ratio ofO toO is defined as the discrimination ratio. Specifying any two of

ithese three parameters, gi~en th desired decision risks, determines the test plan to be utilized.
“ me new definitions enable the lower test 14TBFto be held constant (fi”ichshoul,dbe the case

since that value is the threshold of the required MTBF) when choosing a test plan. Previously,
urtderi41L-STO-781B,the minimum acceptable i4TBFchanged with the test plan making the concept
of a minimum acceptable (or a lower limit) MTBF ineffective. For example, under MIL-STO-781B
definitions O was the specified value oft4TBF and ifO = 400 hours and Test Plan 111 was the
required qualification test plan, 01 would equal 200 ho8rs; if Test plan Vwas used. Q would
equal 133 hours; if Test Plan V1 was used, Q would only be 80 hours. $Furthermore, th predicted
FfTEFwas required to be no less than themin~mum acceptable$l. Wever, to assure a high
probability of reaching an accept decision under a particular test plan, the equipment’s design-
predicted #iTBFshould approach 00 in value.

3. The other major change in MIL-STO-781 Is the use of combined environmental test conditions
(t~erature, vibration and motsture) based on the actual mission profile environments encountered
during the equipment’s useful life. Altitude may be included if the procuring activity determines
that it is cost-effective. Furthermore, facilitation cost for cohining altitude with the other
environments would probably not be cost-effective.

iit

e 4. 7Me ●mdud diould aotbm Invoked m ● blmket baeis but eech requlremrot useemd la ta-
Of tim d. -US em eat-up ●0 @At the p?OCUti~ Sctititymay referuma thomvitb
8putfLc parts of tbo ●MMIsrd ad $moked h tba ●qulpmem ●pecificatlai, for exaple; cdlaed
eati~ta for turbopropaircraft md bellcopter equipmnt (Sutfoo S0.5 of APP B).
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1. SCOPE

‘1.1 Scope. This standard covers the requirements for reliability qualification tests
(preproduc~ and reliability acceptance tests (production) for equipment that exper~ences a
distribution of tines-to-failure that is exponential. These requirements fnclude: teSt
conditions, procedures, and various fixed length and sequential test plans with respective
accept/reject cr{teria.

1.2 A plication. The application of this standard is intended to provide the procuring
activity n$h decision information prior to award of a production contract, based on realistic
test and evaluationof equipment performance and reliability, under specified environmental
conditions. It is also intended that the standard provide guidelines for determining test con-
ditions which shall apply to production reliability acceptance testing. These tests should be
accomplished under one of the following locations and conditions, selected frcm the listed order
of priority and authorized by the procuring activity.

a. Test in goverrsnentorc~rcial laboratory independent of thedeveloptng/
producing contractor

b. Have prime contractor test subcontractors’ products under govermtcnt
surveillance

c. A11ow contractor to conduct these tests in his own facilities, under strict
government surveillance, where such an arrangement is shown to be in the best
fnterests of the goverrrnent

)JFurthermore, it {s the intentof this standard that both performance and reliability be assessed
in a test program of statistically valid length under combined, cyclic, and time-varying environ-
mental conditions which simlate those expected in service use.

L 1.2.1 Alternative applications; Th{s standard may be applied on a program requiring only
the development of equipment where the final development model is to be used for reliability
design qualification. However, this standard is not applicable to reliability growth testtng.
This standard may be applied on a pure production contract where the reliability design has
already been quailfied.

1.3 Classification.
distinguished according to

Category 1
Category2
Category3

Category4
Category5
Category 6

This standard {s applicable to six broad categories of equipment,
thefr field serv{ce applications:

Fixed ground equipment
Nobile ground vehicle equfpment
Shipboard equ~p~nt
A. Sheltered
B. Unsheltered
Equipment for jet aircraft
Equipment for turbo-prop and helicopter
Air Iaunched weapons and assembled external stores

1.4 Relationship to total reliabilftyp rogram. Uhen testing in accordance with this
standard, the annim.untest program shall normally cons!st of”a preproduction reliability
qualification test; and a series of lot-by-lot production reliability acceptance tests or an
all equipment production reliability acceptance test. However, prior to the initiation of
these tests, and normlly in conformance with the approved reliability program plan required
by MIL-STO-785, several related tasks shall be completed, ahd approval obtained from the
procuring aCtiVity. Appendix Ade$cribes the nomal reliability program tasks for amilitary
procurement, including full-scale development.

In practice, this would generally be acc~li~ed by dssnonstrattngac acceptable performance
baseline through detafled performaricemeasurement before the reliability tests are initiated.
After completion of these detailed perfo~ance ~asurements, selected performance test criteria
are then used during the reliability test to assure acceptable equipment performance. As a
@Iininum,all failure indications that w{~l cause initiation of corr~tive maintenance action
#nfieId service must benmn{tored.
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‘a

,,,

2. APPLICABLE DOCUMENTS

‘2.1 Issues of documents. The following documents of the issue in effect on the date of
invitation tor bids or request for proposal, form a part of this standard to the extent specified
here$n.

SPECIFICATIONS

MILITARY
MIL-C-45662 Calibration System Requirement

STANDARDS

MILITARY
MIL-STD-167-1

MIL-STD-721

MIL-STD-785
MIL-STD-81O
MIL-STD-1399
MIL-STD-1543

MIL-STD-1670

EauiPment (Tree I -Mechanical Vibration of Shipboard
Environmental and Type 11- Internally,Excited)”
Definitions of Effectiveness Terms for Reliability,
Maintainability, Human Factors and Safety
Reliability Program for Systems and Equipment
Environmental Test Methods
Interface Standard for Shipboard Systems
Reliability Program Requirements-for Space and
Missile Systems
Environmental Criteria and Guidelines for Air Launched
Weapons

HANDBOOKS

MILITARY
MIL-HDBK-108 Quality Control and’Reliability - SamjjlingProcedures

and Tables for Life and Reliability Testing (Based
on Exponential Distribution)

MIL-HDBK-217 Reliability Prediction of ElectronicEquipment

(Copies of specification, standards, drawings, and publications required by contractors in
connection with specific procurement functions should be obtained from the procuring activity
or as directed by the contracting officer.)

2.2’ Other publications. The following documents form a part.of this standard’to the extent
specified herein. Unless otherwise indicated, the issue in effect on date of invitation for
bids or.request for proposal shall apply.

AD-AO05667 RADC-TR-75-22, RADC Non-electronic Reliability Notebook
Revision (Part Failure Oata, Sect’ion2 of RADC-TR-69-458)

(Application for copies should be addressed to the National Technical Information Service,
U.S. Department of Commerce, 5385 Port Royal Road, Springfield, VA 22151.)

GIOEP Government Industries Data.Exchange Program, Summaries
of Failure Rates

,-.

(%plication for copies shouldbe addressed tothe Fleet Anal~sis Center,GIDEP Operations ~~
Center, Naval Weapons Station, Seal Beach, Corona Annex, Corona, C 91720.)
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3. DEFINITIONS

3.1 General. Meanings of terms not defined herein are in accordance with the definitions
inktIL-STOZ~

3.1.1 Contractor. Contractor includes (iovernmcntor industrial activities developing/
producing milltary systems and equipments.

3.1.2 Oecision risks.

3.1.2.1 Consumer’s risk (6). Consumer’s risk (B) is the probability of accepting equipment(s)
with a true MTBF to the lower test MTBF (Q ). (The probability of accepting txluipment(s)
with true MTBF le%han the lcwer test MTBF (Ql\ will be less than 13.)

3.1.2.3 Oiscrimtnation ratio (d). The discrimination ratio is one of the standard test
plan parameters which establlSheS he teSt plan envelope. This ratio discriminates betweent?l
and O.. 00

d=
5

3.1.3 Failure. Oetails involving failure criteria, to include required functions and
performance parameter limits, must be stated in the equipment specification and test procedures
as approved by the procuring activity. For test purposes, the following general definitions
shall apply:

a. Failure is an event in which a previously acceptable item does not perform one or
more of its requi?ed functions within the specified limits under specified
conditions.

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

3.1.4 Failure types.

3.1.4.1 Oependent failure. A failure caused by the failure of an associated item (dependent
failures are not necessarily present when simultaneous failures occur).

3.1.4.2 Independent failure. A failure which occurs without being caused by the failure
of other parts or ttle equipment under test, test equipment, Instrumentation, or the tist faciltty.

3.1.4.3 Intermittent failure. The momentary cessatfon of equipment operatton.

3.1.4.4 Rultiple failures. The simultaneous occurrence of two or more independent failures
(when two or more tallea parts are found during trouble shooting wh~ch cannot be shown to be
interdependent, multiple fa~lures are presumed to have occurred).

3.1.4.5 Pattern failures. The occurrence of two or more faflures of the same part in
idei!ticalor equivalent application which are caused by the same basic failure mechanism.

3.1.5 Failure classification. All failures are relevant and chargeable unless and until
determined to be nonrelevant or nonchargeable or both by the procuring activity.

3.1.5.1 Relevant f?ilure. All faflures that can be expected to occur In subsequent field
servtce. All relevant failures shall be used in c~utat~on of demonstrated 14TBF.

3

Downloaded from http://www.everyspec.com



?llL-sTD-781C
21 .pctober 1~77

3.1.5.2.Nonrelevant failure. A failure caused by,acondition external to the equiPment
under test w~is not a test.requirement and not expected to’be encountered in field}service., .

,.
3.1.5.3 Char eable fai~. A relevant, independent failure of Contractor Furnished’“ ““’;”

‘-Equipment (CFE under test, plus any dependentfailures caused thereby, classifiedas one failure
and.used to determine ‘contractualcompliance with acceP.Vreject criteria. .,., ,:,.

3.1.5.4 Noncharcteablefailure. A relevant failure ofCFE, caused’by and dependent upon “
an independent failure of Govermnent Furnished Equipment (GFE) or CFE of another contractor,,
and therefore not used.to determine contractual compliance with accept/reject criteria. ... ,

3.1.5.5 @ipment design (ED). Failure in this area places the cause directly upon the
design of the equipment; that is, the design of the equipment caused the part in question to
degrade o.rfail, resulting in an equipment failure; for example, acircuitd esignwhlch over-
stresses a part or other improper application of parts.

3.1.5.6 Equipment manufacturing (EM)_. These failures are caused by poor workmanship during
the equipment construction, testing, or repair prior to start of test. This would also
include possible overstressing of parts by the assembly process during the construction of the
equipment.

3.1.5.7 Part design (PD). This category of failures consists of parts whose failures
resulted directly from the inadequate design of the part. This would include such areas as.the
longevity of the part and its ability to withstand continuous temperature cycling.

I 3.1.5.8 Part manufacturing (PM). These failures are the result of poor workmanship during
assembly of the part, inadequate’inspectionor testing.

3.1.5.9 Software errors (SE~.. These errors cause equipment failures when a computer was
partof the equipment under test. .NOTE: If software errors are corrected and verified during
the test, such errors shall not be chargeable as equipment failures.

..

3.1.6 Mean-time-between-failures (MTBF).

3.1.6.1 Demonstrated MTBF (~). The probable range of f~ue MTBF under test conditions;
observed MTBF within a stated confidence interval. .

l“ 3.1.6.2 Observed MTBF t). “Observed ~T8F 6 is equal to the total 0Peratin9 time Of the
equipment divfied by the number of relevant failures.

3.1.6.3 Lower test MTBF (O1). Lower test MTBF (%) is that value which is unacceptable
and the standard test plans wllf i~eject, with high prob bility, equipment with a true MTBF that
approaches Ell(0 is equivalent to noncompliance with reliability requirements and will be included
in”Section4 of \he equipment specifications).
,.

3.1.6.4 Upper test ~TBF (9A). Upper test MTBF (O.) is an acceptable value of MTBF equal

to the discrimination ratio times the lower test MTBF (Q ). The standard test plans will accept,
with high probability, equipment with a true’MTBF that a~proaches 130(both 90 and 91 should be
identified in Section3 of the equipment specifications).

3.1.6.5 Predicted MT6F”(Q_). Predicted MTBF (9P) is that value of MTBF determined by
.

reliability prediction methods and is based on the equipment design and the use environment
(fd should approache in value to ensure with high probability that the equipment will be
ac?epted during the reliability.qualification teSt).

r

3,1.7 “Mission refile. A mission profile is a thorough description of all of the major
p?annedevenls and C%dltlons associated with one specific mission. As such, a mission profile
is:one segmentof a life profile (for example, a missile captife carry phase, or amissfle
free flight phase). The profile will depict the time span of th”eevent, the expected
environmental conditions, energized and non-energized periods, and so forth.

,4
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O*r*ttonal ltfe profile. An operational l~fe profile Is a thorough descripttonof
and conditions assocfatecfwtth an itemof equipment fro??the”tlme of final factory
until its ultlmate dtsgosftlon (for example, factory-to-target sequence). Each

$tgnlficant operational llfe event, such as transportation, do-mant stirage, test and check out,
standby and ready !rmdes,operttlonal deployment, mission profiles, and so forth, art addressed,
Including alternate possibilities. The profile depicts the time span of each event, the environ-
mental conditions, operatirigmodes, and so forth.

3.1.9 Procuring activity. Procuring activity, as used in this standard, refers to the
govermmt agencyor the prime contractor in their dealings with their suppliers.

.=

s
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4. GENERAL REQUIREMENTS

4.1 General. The reliability qualification and acceptance’tes,tsare”intregralparts,of a
reliability program such as MIL-STD-785, or MIL-STD-1543, and shall be planned and conducted in
accordance with this standard., The required reliability testing.shall be done under environments’
conditions as specified in the test plan document and test procedures. Applicable reliability
tests.are described below. ,,

4.1,1 First article (Preproduction) reliability q ‘ualification test. The purpose of this

test is to.demonstrate that the,equipment design will’meet specified performance and reliability
requirements under specified environmental conditions. These tests shall be conducted on items
which are representative of production configuration in order to provide documented test results
as inputs to the production decision.

4.1.2 Production reliability acceptance tests (sampling). These are a periodic series of
tests conducted during the production run to ascertain whether equipment continues to meet
specified performance and reliability requirements under specified environmental conditions.
Unless otherwise specified in the contract, a production reliability acceptance,test will normally
be performed on each lot produced beginning with the first lot delivered,after award of the pro-
ductioncontract (see 5.5.l.2).

4.1..3 All equipmentpreduction reliability acceptance test. This test shall be.specified.
when the”contract requires that each and every equipment produced be subjected to a reliability
acceptance test beginning with the first equipment delivered after award of contract. It,may be
used in lieu of the sampling type reliability acceptance test on production equipment. ,.-

4.2. Reliability test planning.

4.2.1 Integrated test planning. The reliability test plan document shall consider al.l’other
tests that are required by the contract in order to avoid duplication of”test effort and to take
advantage of the results of other tests. An overview of integrated test planning is presented in
Appendix A.
,, ●“

4,2;2 Reliability test plan document. To implement the requirements ,ofthis.standard, an
overall reliability test plan document is ,required. This document shall include.descriptions of
all reliabl,lityqualification and acceptance tests and burn-in procedures. I-tshall refl,ectthe
requirements of the equipment specification and this standard (see 5.1.2). The reliability test
plan document shall be submitted to the procuring activity for approval, prior to initiation of
test. ,, ., .,

,. ,.
4.2;3 Reliability test procedures. Detailed re-1.iabiliiytest procedures shall.be prepared

for the reliability tests that are incfuded in the reliability test plan,document. .

4.3 Test conditions/levels. Th,ecombination of environmental test conditions and ’levelsto
be applied under the provisions of this standard, and their variation as a function of test time,
shall cepresent the field service environment and mission,profile of the equipment under test.

:

,4.3.1.Definitionof test conditions.”

..
A specific profile of stresses to be applied during

the test shall be speclfled in the equipment specification in accordance with one of the following
procedures, listed in order of preference. It is the purpose of this standard to introduce more
realisti,c”envi.ronmentsduring the reliability test, hencethe preference order. When components
of the systemto be tested experience different environmental stresses due.to location on the
operational platform, a composite test profile shall be developed,subject.to”the approval of the
procuring activitywhen’measuring vibration .stresses. The mechanical impedance effects should be
accounted for in establishing vibration levels. Stress types and levels applied durini”the test,

.,+.,,. .,,.
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or direction for ascertaining appropriate stress types and levels, shall be delineated in the
solicitation by the procuring activity in the following priority.

a. Measured stress. Stress types and levels applied during the test shall be defined by
the procuring activity and be based on measured environmental stresses at the proposed
equipment location(s), in the proposed application(s) (operational platforms), and
during performance of a typical mission profile(s).

b. Estimated stress. Uhen measured stress data from the proposed applications are not
available, measured environmental data from a sfmilar location tn a similar application
for a similar misston profile may be used to determine the stress types and levels to
be applied during the test.

c. Minimum stress. Nhen the stress types and levels are not specified by the procuring
activity, when measured environmental stresses for the proposed application are not
available, and when measured environmental stresses from a similar application are not
available for estimating, then the stress types and levels applied during the test
shall be those delineated in Appendix B.

4.3.2 Combined environmental conditions/stresses. Unless otherwise specified, the stress
types of TABLE 1 shall be cOmblned In he same chamber at levels and rates of change appropriate
to the measured stress data from the intended operational environment. FIGURE 1 presents a
typical test cycle showing the timing of various conditions. The following stresses include the
minimum factors to be considered.

4.3.2.1 Electrical stress. Electrical stress shall include equipment ON-OFF cycling,
OpeTi3tiOtI in accordance with lCS specified operating modes and duty cycles, and input voltage
variance above and below the nominal value specified in the contract.

4.3.2.2 Vibration stress. Vibration test levels and profiles shall be tailored to the
specific inten~d application of the equipment including its mounting location and the classifi-
cation category of its use in the field. The minimum factors to be considered in the definition
of realistic vibration stress shall be: (a) type of vibration (sineWave, complex or random);
(b) frequency range; (c) amplitude; and (d) manner and axis of application. The intent of this
requirement is to produce, in the equipment on test, a vibration response with a character,
magnitude, frequency range, and duration similar to that produced by the field service environ-
ment and mission profile. The mechanical impedance effects (the interaction of equipment, fixture
aircraft attachment structures, and shakers as they would influence the laboratory simulation of
the effects of in-flight vibration environments) shall be accounted for in establishing vibration
levels for all tests. As a minimum, the weight reduction criteria in Test F!ethod514.2of
liIL-STO-810shall be applied.

4.3.2.3 Thermal stress. The thermal stress profile shall be a realistic simulation of the
actual thermal environment fhat the equipment experiences in its service application. The minimum
factors to be considered in the definition of realistic thermal stress shall be: (a) starting
temperature (heat soak, cold soak) and turn-on (warm-up) time; (b) operating temperature (range,
rate of change and frequency of change); (c) number of temperature cycles per mission profile;
and (d) cooling airflow (rate and fluctuations).

4.3.2.4 Hoisture stress. ROisture levels shall be sufficient during the temperature cycles
to produce visible condensation and frosting or freezing when such conditions can be expected in
field service. The humidity need not be held constant during the test cycle and may be increased
to produce the desired result by injecting water vapor at appropriate times in the test cycle.

4.3.2.5 Procedures for deriving test conditions. The information and procedures presented
in Appendix B shall be used to derive test conditions and stress levels if such data is not
provided by the procuring activity.

T
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TABLE I. Test conditions matrix.

Sununaryof Combined fnvirorunentalTest Condition Requirwents

FIXED , GROUND SHIPBOARD
GROUND VEHICLE “SHELTEREO

T

UNSHELTERED

ELECTRICAL STRESS

Input voltage Nominal + 5%-2% Nominal t 10%’ Nominal t 7%* Nominal ? 7%*
Voltage cycle high, nominal and-+one per test cycle

low

VIBRATION STRESS

Type vibration sinewave swept-sine swept-sine** swept-sine**
single frequency log sweep continuous continuous

Amplitude (See APPENDIX B for stress levels),
Frequency range*** 20 to 60 HZ 5 to 500 Hz
Application ~ 20 minimum per sweep rate (See APPENDIX B ~ )

equipment 15 minimum once/hr

THERMAL STRESS (eC) A B C ●*** LOW HIGH LOW HIGH:— LOW HIGH— . ,. —
Storage temperature --- -54 85 -62 71 -62
Operating tempera- 20 40 60 -40 TO 55 0 TO 50 -28 :;

ture (CONTR)LL~O)
Rate of change --- 5“/min. 5“/min.
Maximum rate of ,- - - 10°/min. 100/mini 10°/min.
change

MDISTURE STRESS

Condensation none l/test cycle See APPENDIX B l/test cycle
Frost/freeze I/test cycle ‘ l/test cycle

* SeeMIL-STD-1399
** See MIL-STD-167-l
●** Frequency tolerance t 2 percent or t 0.5 Hz for frequencies below 25 Hz.

****See 50.1.4 of Appendix B

c
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TABLE 1. Test cond{ttons matrfx (continued~.

, <)

AIRCRAFT’ AIR-LAUNCHEO
wEAPONS ANO

TRANSPORT, ASSENBLEO
FIGHTER BOMBER HELICOPTER TURBO-PROP EXTERNAL STORES

ELEC~ICAL STRESS

Input volta e range
!

nominal 2 10X t 10% ? 10%
Voltage cyc e (nominal, higt and low voltage, one cycle/th&% cycle or per APPE~O!!%B)

VIBRATION STRESS

Type vibration random random swept-sine swept-sine swept-sine***
109 sweep

~l{tude (~ SEE APPENOIX B
and random

b)
Frequency range 20-2000 Hz 20-2000 Hz 5-2000 Hz**** 10-2000 Hz 20-2003 Hz
Application continuous continuous sweep rate continuous continuous

15 min. one/hr (see APPENOIX B) (see MIL-STO-1670)

THERFtALSTRESS (●C) .LOH HIGH LOU HIGH LOW HIGH LOU HIGH LOW HIGH

Storage temperature (non-oper.) -54 +71 -54 +71 -54 +71 -54 +71 -65 +71
Operating temperature range (~ See APPENOIX 8 ●)
Rate of.change (m{n.) S“/min. S“/min. 5°/rein. S“/m{n. 5“/m~n.
Ouration (ncdnal) 3 1/2 hours 3 1/2 hours 3 1/2 hours 3 1/2 hours 3 1/2 hours

NOISTURE STRESS

Condensation (l/testcycle _________ - ----------------- --)
Frost/freeze (l/test cycle ----- ------- - ----------------)

** Frequency tolerance ? 2 percent or t 5 Hz for frequencies below 25 Hz.
** See 50.5.3 of Appendix 8.
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PRiME
VOLTAGE

VIBRATION

ECJUIPMENT
OPERATION

HIGHER
TEMPERATURE

TEMPERATURE
(%)

LOWER
TEMPERATURE

,.

I
t I

HIGH

I “
I ‘-- LOW ;;

,,

Time(Hm.)

---- Equipmentoff[tentsaoperetedifrequired)

1

Applies to

—Equipmentoparated inaccordanrxwithdutyeycle temperature
cycle “

A. Timefordsemtmrtoreachstabilizationathighertemperature

B. Timeofequipmentoperationathighertemperature

C.OptionalHotSoakandhotstart-updsackout

FIGURE 1. Setnpleenvironmental test cycle.

..-,
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4.4 Optional non-statistical production reliability acceptance test (sequential environment).
The purpose of this test is to verify that production workmanship, manufacturing processes,
quality control procedures, and the accumulation of Class 11 changes do not degrade the reliability
which was found to be acceptable by the reliability qualification test. The test shall be aPPlied
to all production items with the item operating (power applied). The required test duration and
number of consecutive failure free thermal test cycles (minimum of two) which each deliverable
Item cwst exhibit shall be specified by the procuring activity. The vibration, temperatm
cyclfng, and moisture environments together with any others which are deemed necessary may be
applied sequentially. The equipment duty cycle and the sequence, duration, levels of the
environments, and the vibration option to be used in this test require approval of the procuring
activity, and shall be submitted in accordance with the test program requirements. l%e accelera-
tion spectral density shall be in accordance with FIGW.2. The vibration options are as follows.

4.4.1 0 tion I.
+

Each equipment shall be exposed to 10 minutes of random vibration in one
axis in accor ante with FIGURE 2 with power applied. All failures occurring during this test
shall be corrected. Tolerance for the random vibration shall be -3 dB measured in accordance
with the random vibration test paragraph of !tethod514.2 of !4IL-STD-81O.

4“4”2%%%&ance of -3 d,.
Same as Option I except broadband/complex vibration may be used in lieu

of random W1

4.5 Statistical test plans (AppENDIx C).

4.5.1 General. These statistical test plans are to be used for estimation of true MT8F and
determinatio~ntractual compliance. The Q and Q are for the purpose of establishing accept/
reject criteria and shall not be used for prcje?tion o} equipment MT8F.

4.5.1.1 Standard test plans. The test plans of this section contain statistical criteria
for determining co~llance with specified reliability requirements. They are based on the assump-

0

tion that the underlyin distribution of individual times-between-failureswill be exponential.
!The exponential assumpt on infers a constant failure rate; therefore, these test plans are not

appropriate, and will not be applied for any test planned for the specific purpose of eliminating
design defects or infant mortality type failures. The test plans are categorized as follows:

a. Fixed length test plans (Test Plans IXCthrough XVZICaad XIXC chroush XXIC)
b. Probability ratio sequential tests (PRST), (Test Plans [C through VIC)

Short run hi h risk PRST plans Test Plan VIIC and VIIIC)
:: i! [All equipmen reliability test Test Plan XVIIIC)

TABLES 11, 111, IV and V present the parameters of the standard test plans.

4.5.1.2 Operating characteristic and expected test time curves. Graphs presenting Operating

Characteristic (OC) and Expected Test Time (ETT) curves are given in Appendix C. OC curves show
the probability of acceptance versus the true MTBF (in multiples of 01 and 9.) while ETT curves
show the expected test time versus the true MT8F (in multiPleS of 01 and Oo).

4.5.2 Requirements.

4.5.2.1 Selection of test plan. The test plans to be used in preproduction reliability
qualification and production rellabflity acceptance tests shall be selected from Appendix C of
this standard, specified in the contract and equipment specification, and described in detail in
the reliability test plan document. In general:

a. A fixed length test plan must be selected when it is necessary to obtain an estimate
of true MT8F demonstrated by the test, or when total Wt time must be known in
advance. Therefore, a fixed length test plan should normally be selected for pre-
production reliability qualification tests.
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FIGURE 2. Random vibration acceptance test.

TA8LE 11. Summary of test plans (fixed length).

Accept-reject
Test

True
decision Discrimination (multiples (equal (equalTest plan risks Ratio 9./91 of 01) or more) or less)

o
lXC 12:0% 9,9%
xc

1.5
10.9%

45.0 37
21.4%

)lIc
1.5

17.8%
29.9

22.1%
26 ;!

XIIC 9.6% 10.6%
21.1 18

XIIIC
;:;

9.8% 20.9%
18.8 14
1;.:

:;

XIVC 19.9% 21.ti
1:

Xvc
:::

9.4% 9.9% 3.0
5

Xvlc 10.9% 21.3%
9:3

XVIIC 17.5%
3.0

19.7%
:

3.0
:

::: 3 2

12

.-
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TIWLE 111. Summary of test plans (high risk f!xed length)*.

I I I I AcceDt-reject I
I Test failur&

True durat{on Reject Accept
decis$on Discrimination (equal

Test plan risks Ratio 9./01 or less)

6
Xlxc 28;S 31.3% 8.0 7
Xxc 28.8X ::;

6
28.5% 3.7 3

XXIC 30.?$
2

33.3S 3.0” i.1 1 0
*

●For more futly tailorable fixed-length test plans see APPENDIX C, Section 30,9.

TA8LE IV. Sumnary of test plans (stan

i I
True

decision Discrimination
Test plan r$sks ratio O./O1

ma B

Ii: 22:;% 2;:2% ;::
Illc 12.8X 12.8X 2.0
lVC 22.3% 22.5$ 2.0

Su!@I).”

Accept-reject
criteria

I@pendix C
figure

c-1
c-2
:-;

C:5
C-6

TA8LE V. S&nary of test plans (short run high risk PRST~.
*

Accept-reject
True criteria

decision Discrimination Appendix C
Test plan risks ratio O./O1 figure

a a
vlIc 31 9% 32.8% c-7 ,
VIIIC 29:3X 29.% ::; ~8

XVIIIC ●*

~or additional PRST plans with higher discrimination ratios and
different risks refer to MI1-HD8K-108.

.*Test Plan XVIIIC is the all equipment reliability acceptance
test. See4.!i.4 for details.
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b. A sequential test plan may be selected ’whenit is only necessary to.accept/reject
predetermined MTBF values (Q , 9 )“with predetermined risks of error (e,fl), and

twhen uncertainty in regard t8 to al test time is relatively unimportant. Therefore,
either a fixed length or a sequential test plan may be selected for production
reliability acceptance tests. ,,

c; The all equipments hypothesis test plan may be selected when it isnecessary to”
accept/reject every unit of the production run. CAUTION: The combination of
an all equipments test plan with realistic combined-stress conditions may impact
test and facilities and must be carefully evaluated.

2

,,

4.5.2.2 Equipment performance. ‘Theparameters to be measured and the applicable acceptance’
limits shall correspond with theperformance requirements of the equipment specification and shall
be included in the test procedures (see 5.1.3).‘, ,.’. ,,

4.5.2.3 Equipment quantity. The quantity of equipments to be tested, nOt necessarily,
simultaneously, shall be~ned as required herein or as specified in the contract.

:a. Sample size (reliability qualification)., The sample size required for the qual-
ification phase test plans shall betas specified in the contract, or as agreed by
the contractor and the procuring activity.

.b. Sample size (production reliability acceptance). Th& minimum number of samples
to be tested per lot is 3 equipments unless otherwise specified by the procuring
activity. The ”re’commended,sample siz’eis 10 percent of the equipments per lot,
upto a maximum of 20 equipments per lot. ‘

‘c: All equipment production reliability acceptance. Under this test plan, all pro-
duction equipment is subjected to the reliability acceptance test. All equipment
acceptance testing (100 percent sample) should only be specified under exceptional
circumstances, as determined by the requirements of safety or mission success. ●

4.5.2.4’Test length. When sequential test plans are specified, test length shall be ’planned
on the basis OT maximum allowable-test time (truncation), rather than the expected decision point,
to avoiilthe probability of unplanned and uncontrollable test cost and schedule overruns. Test-.
ing shallcontinue until the total unit hours together with the total count of relevant ‘equipment
failures permit either an accept or reject decision in accordance with the specified test plan,
except the all equipment production reliability acceptance test. For the all equipment reliability
test, testing,shall continue until either a reject decision is made or all contractually required
equipments have been tested. Equipment ON time (that is, equipment operating time) shall be used
in determining test length and compliance with accept/reject criteria. Testing shall be monitored
in such a manner that the times to failure may be recorded with reasonable accuracy. The monitor-
ing instrumentation and techniques and the method of estimating MTBF shall be”included in the >
proposed reliability test procedures. Each equipment shall operate.at least one half the
,averageoperating time of all equipments on test.

4.5.2.,5 evaluation criteria. The test data on operational performance parameters, relevant
failures,,and,total test time shall be evaluated against the approved test plan/procedures.

.

4.5$3 Sequential test plans. Probability ratio sequential test plans (PRST) are stated
in detail in Appendix C. The accept-reject criteria for the standard sequential test plans are
shown:graphically and in tabular.form in”Appendix C along with the,corresponding operational
characteristic curves and the expected test time curves based on assumed value of true MTBF.

,,
4,05.’4Test Plan XVIIIC (example-all equfpment production reliability acceptance). This test

plan shall be used when each unit of production (or preproduction equipment if approved by the
prqcui-ingactivity)equipment is to be given a reliability acceptance test. The plan is shown in
FIGURE 3 and consists of a reject line and a boundary line. The reject and boundarylines are the
same as the.reject and accept lines of Test Plan IIIC but.both lines are extended as far as necessary
to cover the total test time required for production run. The equation of the reject line is
fR= 0.72T’+ 2.50 where T is cumulative test time in multiples of Ql, f is cumulative nur~er of
failures. The plotting ordinate is failures and the abscissa is in multiples of 91, the lower test
MTBF. The boundary line is 5.67 failures below and parallel to the rejection line. Its equation
i$ fB= 0.72T - 3.17.

a
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e 4.5.4.1 Test duratfon. The test cfurat{onfor each equipment shall be specified in the test
prwcedure as approved by the procuring activity. The maximum duration may be 50 hours and the
mfnimum 20 hours to the next higher integral number of complete test cycles. [f a failure occurs in
the last test cycle, the unit shall be repaired and another complete test cycle run m verify repair.

4.5.4.2 Evaluation. When thfs test plan ts required, all production units shall be subjected
to the environmental test conditions as set forth in the approved test procedure. Cumulative
equipment operating time and equipment fa{lure shall be recorded, plotted on chart of Test Plan
XVIIIC, (FIGURE 3), and evaluated in accordance with the test procedure requirements based on the
criteria of FIGURE 3 and 4.5.4.3 through 4.5.4.3.4.

.
4.5.4.3 Reject-accept criteria for Test Plan XVIIIC.

4.5.4.3.1 Acceptance. After be4ng tested to the specified duration of 4.5.4.1, each equipment
shall be considered acceptable after meeting the specified normal performance acceptance test,. unless the reject line is reached.

4.5.4.3.2 Rejection. Should a plot of failures versus ttme reach or cross the reject ltne, the
equipments {n test are no Ionger acceptable. The test shall then be tetmfnated and corrective action
in accordance with 5.9 shall be perfotnted.

4.5.4.3.3 Reachfnq the boundary line 3 . Should a plot of failures versus time reach tie
boundary line, the plotting of accumulated t{m shall follow the boundary line but censoring test
time as necessary ateach failure to maintain an accuraw failure plot without crossing the
bounda~ line. Thus the test time plot will notbe true accumulated test time. All test time
shall be recorded in the test log to maintafn capability b determine true accumulated test ttme.

4.5.4.3.4 Alternative all-equipment production reliability acceptance test plans. An alter-
native all-equipment production rellabilfty acceptance test plan may be used in ieu of Test plan
XVIIIC. That fs, a unique test plan maybe developed from any basfc PRST plan, Test Plan IC through
VIIIC, basedon the actual test plan used during the qualification phase. A set ofaltemative two-

0

line all equipment production reliability acceptance test plans are provfded in APPENDIX C,
Section 30.8.

4.6 MTBF estimation from observed test data. When the procurfng activity must not only have
a stattsttcal bas~s for determining contractual compliance; and it must also have a basis for
estimating the MTBF values to be expected in field service, a fixed length test plan must be used.
All agencies conducting reliability tests under the pmv{sion~ofthls standard shall provide the
procur{ng activity wtth current values of demonstrated 14T0F(OJ as part of each requfred test
report, when required.

~’lf It is desired to maintain an accurate/true plot of accumulated test’time and failures, thfs
can be done on the same chart by continuing the plot into the region beyond the boundary line.
Iiowever,toinaintain the proper reject criteria, the first failure occurring after the boundary
line is crossed must be shifted vertically to the boundary line to start a second plot (dotted
line) withfn the Accept and Continue Test region, if failures occur often enough. If another
failure does not occur for an extented period there would be no second plot and theoriglnal true
plot would continue. Then the next failure would be plotted on the boundary line directly above
the true plotted point (failure 7 of FIGURE 4). If several failures occur in rapid succession,
the second plot (dotted line with failures vertically spaced at exact single failure intervals)
would reach the reject line and testing would be terminated and corrective action would be taken.
After approved corrective action is accomplished, the testing would resume and the true plot
would continue as above. The cumulative number of failures and time as shown by the true plot
would be read directly from the failure and tim scales provided on the ordinate and abscissa.
However, the failures plottedon the boundary lineor above after.the time plot crossed the
boundary line would have tobe labelled since the number could not be read off the ordinate.
After a reject occuri and corrective action is approved, return the true plot to the boundary
line. Continue the true plot on real tire?,and agati numerically number the subsequent failures
●s shownon fa$lure 16 of FIGURE 4.
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FIGURE 3. Reject-accept criteria for Test Plan XVIIIC.
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4.6.1 Exclusion of hypothesis test values. Since they are assumptions rather than test results,
neither the upper test.value 79.) nor the lower test value (91) of any hypothesis test plan shall be
used in estimation of demonstrated HTBF; rather the demonstrated.MTBF (Q) must be,calculated from
demonstrated test results. Producer’s risk (a) and consumer’s risk (s) are excluded from these
calculations since they refer to the probability of passing or failing the test rather than to the
probable range of true MTBF demonstrated during the test, However, the test parameters values”
(Qo, Q1; a, B) shouldbe provided to assist in the understanding of how and why the data was gathered.

4.6.2 ~ecified confidence interval. In order to obtain an interval estimate of the demon-
strated NTBF, the procuring activity must specify the confidence interval to be used. It is
suggested that a confidence interval be selected such that its lower limit is,equal to (100 -
consumer’s risk) percent - that is: 10 percent consumer’s risk, 80 percent confidence interval;
20 percent consumer’s risk, 60 percent confidence interval, 30 percent consumer’s risk, 40 percent
confidence interval.

4.6.3 MTBF estimation from fixed-length test plans. When a fixed-length test plan is specified,
an interval estimate of the demonstrated flTBFof the test sample, under test conditions, shall be
estimated within the specified confidence interval. When a test report is due, the agency conducting
the test shall estimate the MTBF and confidence,interval utilizing the following procedures.

4.6.3.1 MTBF estimation at’failure occurrence. This calculation shall be made when a test
is in process or has terminated in a reject decision.

a. Calculate the observed MT8F (~) by dividing the total operating time of the equipment(s)
at the occurrence of the most recent relevant failure by the number of relevant failures.

b. Enter TABLE VIa or FIGURE 5awith total failures and the specified confidence interval.
Read out the lower and tipperconfidence multiplier for that number of failures.

c. Multiply observed MT9F (;)(calculated by step a. above) by both the upper and lower
confidence limit multipliers to obtain the lower and upper demonstrated MTBF values.

d. Record demonstrated MIBF as the ’specifiedpercentage of confidence, followed by the
lower and upper MTBF values in parentheiis:~= XX percent (lower limit
~BF values will be rounded off to the nearest whole number.

If the values are not available in FIGURE 5a or TABLE VIa
be obtaine~”by computation as follows.

MTBF rnultipler= 2r ,lower limits

X’( )

l+c, 2r
T

2r”. ,upper limits

x’ ( )

~,2r

where r = number of failures
~2: ~~~::~: statistical distribution

MTBF, upper 1imit MT~F).

then the correct values can

Forexample: using 90 percent confidence interval, c =“.9
Then l+c= .95 and l-c = .05

T T

Example: The specffied confidence interval.i 80 percent. The 7th failure occurs at 820
hours total test time. $Therefore, observed ,~BF( ) is 117.14 hours. Enter TABLE VIa (or FIGURE
With7 failures and the 90.percent upperand lower,limi.tsshows a lower.limit multiplferof .65
andan upper Iimit multiplierof 1.797. !The product of these multipliers with observed MTBF ( )

5a

9

-.

.

●
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a
y{elds a lower limit MTBFof 77.9
percent probability that the true
mobability that the true MTBF of the simple equipment is equal to or

!
rester than 77.9 hours, and

percent probability that ft fs equal to or less than 210.5 hours. Demonstrated !4?BFat
point in the teStWill be reported as: ~ = 80 percent (77.9/210.5)hours.

a 90
this
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hours and an upper lioitf4TBF of 210.5 hours. There is an 89
14T6Fwill be bounded by this interval (there is also c!90 percent

TABLE Via. Demonstrated MT8F confidence limit multipliers<
for failure calculation~.

TOTALUL?=21
or FA.IWR3S
----------------

1.
--------- -------

2
-------- --------

3
----------------

4
----------------

5
---------. ----

6
----------------

7
---------------.

8
----------------

9
----------------

2.0
----------------

u
----------------

12
----------------

13

14

15
----------------

16
---------------

17
--------.-------

18
----------------

19

20
----------------

30

CO!!?IDZNCS1WE7WAL9 I-------- “------- -------- -------- -------- -------- ---

40% l-1~ 1

------- ------- --

T 1

-------- -------- -------- --------

.801 2.804 .621 4.481 .tb34 9.491
1-------- -------- ----------------- --------- -------

.820 >.823 t .M 2.b26 I .515 3.7611

1 1
.------------------.-------------------------,----

.830 1.568 .701 1.954 .564 2.722
1

--:-G---i: iii--l-----------------l---:~~;---;:&;-l
.725 1.7b2

T
------------------------------------------------

.849 1.376 .7Lk 1.618 I .626 2.0551
J J--------- ------- --------- -------- ---------------- -1

1 1----.-----.---------------------- -----------------
.863 L.af$ .7-71 1.479 .665 1.797 1

1 !

--------- ------- ----------------- ----------------

.9@ 1.267 .7a2 1.!$35 .689 1.7M 1
-L---------------- ---------------- --------- --------

.874 1.247 j .796 1.400 ; .693 1.6~ 1

t ~
-.------ -------- -------- -------- --------- --------

.878 L 230 .799 1.372 .704 :.607 I
-------- :-----.-

t 1--------------------------------
.882 1.215 .806 1.349 .714 1.567

1

----------------1---::---:
.--z------ ------ ----------------- ----------------

.886 1.203

.899 1.193
----------------

.*2 1.184 1- .823 1.W‘---------------j-”-~?~---ill-l

1 i

. . . . . . . . -------- --------- -------- --------- -------

.895 2.2,76 .&28 1.2W .71b5 1.’:56
1----------------

T 1

---------------- ----------------

.a37 1.169 .832 l:z72 .751 l.k~
1---------------- ---------------- ----------------

.W ~.163 ~ .836 1.262 1 .7s7 11.J419,

1

.- -------------- --------- -------- --------- -------

.902 1.157 .840 1.253
1

.763 :J@
1

1 .843 1.24b 1
.------------------------------- _:i%+_.i:;-6-l
.@ 1.152

~,
4---------------- ----------------- . . . . . . . . . ------- 4
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4.6.3.2. MTBF estimation at acceptance. This calculation shall be made when the test is
terminated.in an accept decision.

. .

a. “Calcula@ the observed MTBF ($) bydividlng the total operating time of theequipnient
by the numberof relevant failures.

b. Enter TABLE VIb or IIGURE 5bwith to~l failures and the specified confidence interva’
Readout the lower and upper confidence multiplier for that numberof failures.

c. Multiply observed TBF (~)(calculated by step a. above) by both the upper and lower
Conflilencemultlpl.iersto obi,ainthe lower and upper demonstrated MTBF values..,

d. Racord demonstrated MTBFas the specified percentage of confidence followed by the
louer and upper,blTBFvalues in.parenthesis: ~,’”Xx perCent {lower limit ~BFO upperlimft~BF),
MTBF values will be rounded,off to the nearest whole number.

@

.-

s)

.

e. If the values are not available fn FIGURE 5b or TABLE VIb, then the correct values can
bqobtainedbyc omputationas follows: ●
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where r =

12=
c.

MIBF-multiplier = **, Iovarlilnfts

n , upper .lfmits

X*

number of failures

CM-square statistical distribution
confIdence

Example: The specified confidence tnterval is 80 percent. The test reached an accept decision after
920 hours of testing with 7 failures occurrtng during that period. Therefore, obserwed ~BF (o Is
131.43 hours. Entering TA8LE VIbwfth 7 failures and the 90 percent upper and lower llmlts shows a
ltnterltmit multlplierof O 595 andan upper lfmltmtultlpllerofl.797. The product of these uultl-
pllers with observed lWBF ($) yields a lower lim$t MT8Fof 78.2 hours andan upper limlt MTBFof
236.’2;hours. There Is an BO percent probability that the true MBF is bounded by-this iniwval
(then is also a 90 percent probability that true MTBFof the sample equipment is equal to or
greater than 78.2 hours, and a 90 percent probability that it is equal to or less than 236.2 tium).
Oeimnstrated $fTBFat the end of the test will be reported as: ~= 80 percent (78.2/236.2)houm

4.6.4 Projection of expected field MTBF. The contractor (or test agency, if other than the
contractor) 3s responslble for providing demonstrated MTBF under test conditions. The procuring
activity is responsible for projecting expected MT8F under field service conditions. However, this
responsibility may be delegated to the contractor or test agency when so specified in the contract.

TABLE VIb. tkxmnstrated t4T8Fconfidence limit multipliers
lfor time calculation..

I I CONFIDENCE INT~S

I t
---- ---- ---- --

40% r
‘--6~----

F 80%
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5. DETAILED REQUIREtlENTS

5.1 Conditions precedinq the reliability qualification test.

5.1.1 Reliability prediction. If directed by the procuring activity and if not already
completed as requlref.ibyother contractual documents, an updated reliability prediction of the
test hardware configuration may be required prior to the start of reliability testing. Failure
rate data sources shall be MIL-HD8K-217, RADC-TR-75-22 (AD-AO05667) and GIDEP (in the listed
order of priority). Other failure rate data sources, including contractor inhouse data, shall

. rquire procuring activity approval. The prediction report shall be approved by the procuring
actfv~ty prior to the pretest readiness review. In the event that the design proposed for test{ng
displays an undue risk (Op low ccmpared with O.), the design is not ready for test.

5.1.2 Reliability test plan docunent. The reliability test plan document shall be
cmpleted and approval obtained fran the procuring activity early in the program, in accordance
with the COAL, to allow adequate time for the preparation and approval of test procedures prfor
to the reliability qualification test. See Data Item Description entitled Plan, Reliability
Test for List of Itms tobe covered, DID number DI-R-7033.

5.1.3 Reliability test procedures. After approval of the reliability test plan docunent,
the (contra~or or independent) test agency shall prepare detailed test procedures. These shall
be submitted to the procuring activity for approval, in accordance with the contract data
requirements list (CDRL) (OD1423), before the start of the applicable test. Appendix O presents
considerations for use in the preparation of these procedures.

5.1.4 Reliability test plan and procedures. At the option of the procuring acttvity, the
reliability iest plan docunent and the test procedures may be combined tn~docuaent.ent$tled
Reliability Test Plan and Procedures and subinittedfor approval in accordance with the CORL.

5.1.5 Thermal surve
~

Unless previously accanplished, a thermal survey shall be performed

e

on the equipmen o e ested under the temperature cycle and duty cycle required in the
reliability qualification test procedures. The reliability test sample should not be used in the
the-l survey; otherwise the time thus accumulated constitutes a mandatory test screen on all
production equipments (see 5.1.8). However, if due to equ$pment availability and with the pro-
curing activity approval of such use, the tire?thus accumulated shall not constitute a mandatory
test screenon all production equipment. The thermal survey shall be utilized for identification
of the component of greatest thermal inertia and the establishment of the time temperature
relationships between it and the chamber air. These relationships shall be used for determining
equipment thermal stabilization during the test. The lower test level temperature stabilization
takes place when the temperature of the point of maxiwm thermal i~ertia is within 2 C of the
lower test level temperature and its rateof change is less than 2 C/hour. Upper test level
temperature stabilization takes place when the rate 0$ change of the point of maximum thermal
inertia at the upper temperature limit is less than 2 C/hour. Deviations may be granted for
large test items. The techniques and results of the thermal survey shall be described, plotted,

. and submitted to the procuring activity for approval as required by the CORL (001423), prior
to initiation.of reliability testing. The equipment thermal survey need be made only once for
each identicat equipment type representative of the manufacturer’s normal production under the
current product~on.

.
5.1.6 Vibration surve . Unless previously accomplished, a vibration suwey shall be per-

formd on Calegory 1 equipmynt (fixed ground) to search for resonant conditions between20 and
60 Hz in order that they may be avoided during the fixed frequency vibration test for the
reliability qtialificationtest.

5.1.7 Test unit configuration. All test units shall be representative of the design
approach approved at the Critical design Review (COR). and shall be the best available representa-
tion of the production configuration. Normally, all development test shall have been completed,
and any design, process or specification changes resulting therefrom shall have been
incorporated prior to the start of preproduction qualification tests.
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3’ After procuring activity approval of the reliability test5.1.8 Pretest readiness review .
procedure and before start of the reliability test, the contractor,shall convene a reliability
test readiness review at the contractor’s test facility. The purpose will be to review the ~
prerequisites and to ensure compatibility and understanding of all”test requirements set forth
in the approved test plan/procedures. The contractor shall notify the procuring activity a
minimum of 10 days before conductof the review to enable procuring activity representation.
The results of the pretest readiness review shall be documented by the contractor and made
available to the procuring activity at least two days prior to the start of the test.

;
5.1.9 Preconditioning burn-in. Equipment used in the reliability tests must be represen-’

tative,of follow-on production. Equipments submitted for reliability testing shall receive no
special,preconditioning other than that which will be used for preconditioning of all production
equipment. This preconditioning may be at the option of the contractor unless specifically
required by contract. This applies to all preconditioning at all levels of assembly. Failures
occurring during preconditioning are not chargeable for accept/reject decisions, but shall be
recorded, analyzed in accordance ”with5.6.2 and appropriate repair action taken. Repair shall
be limited to that necessary to restore equipment to its pre-failure condition in accordance>“
with drawing requirements, The last repair during burn-in shall be verified by a failure-free
operating period of at least two complete test cycles (vibration and temperature) unless other-

1:
wise specified by the procuring activity. The preconditioning burn-in and the environmental
stresses applied shall be approved by the procuring activity as part of the reliability test
procedures (see Appendix D). Contractors shall have the option of preconditioning equipment
prior to specified preconditioning. However, the contractor shall provide the details of the
additional preconditioning test procedure in the test procedure document. The additional pre-1.
conditioning shall be applied to all units of production and no changes in the procedure shall
be permitted unless approved by the procuring activity. The fo?lowing summarizes and notes
additional considerations:

a. The necessity of burn-in to stabilize failure rate before test.
b. All equipment, including test units, to receive same burn-in:
c., Failures during burn-in do not count for accept/reject, but are to be eliminated

under the Correction of Defects,clause. ●
d. Duration of burn-in and failure-free interval to be determined, if any
e. Environmental stresses selected to reveal maximum defects in minimum time -

without causing failure modes that do not appear in field service - rather
than for precise simulation of the”operational environment..

5.2 Inspection and surveillance. Surveillance visits to the contractor’s facility, ‘useof
procuring activity inspection personnel, and any other appropriate means for assuring compliance
with reliability requirements shall be made by the.procuring activity. The contractor shall
provide necessary administrative support, as required in the contract, to permit such personnel
to properly perform their authorized duties,

1’ 5.3 Equipment test cycle. During reliability testing, the equipment on test shall be sub-
jectedto repetitive test cyc~es similar to FIGURE 1. Typical combinations of environments and
test:~evels are presented in Appendix B for the various categories of equipment. The specific
test values and cycle durations shall be specified in the detailed test,procedures approved by
the procuring activity.

1: “5.4 ,Te’stfacilities. Test facilities shall be capable of maintaining conditions specified
for the applicable test environments. Test instrumentation shall.measureequipment character-I’
ist?cs to the specified accuracy for the duration of the test .(seeAppendix E).

5.4.1 Calibration. Both the environmental and monitoring test instrumentation shall be
determined to’be in proper operating condition and calibration prior to the start,of the test
and shall be checked and maintained as specified in MIL-C-45662.

“This review shall be conducted when specified for U.S. Army procurements.
..
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5.5 Test implementation.

5.5.1 Selection”of equipment.

5.5.1.1 Reliability first article (Preproduction) qualification test. The equipment used for
reliability qualification testing shall represent the production design configuration. Normally,
at least two equipments are used,,depending on equipment availability, schedule and test duratfon.

5.5.1.2 Reliability preduction acceptance test. If the contract or order does not define
fiat constitutes a lot, then one month’s production shall constitute a lot; however, if less
than three equipments are produced during-a month, then the lot shall consist of two or more
nWkhsl production, the actual quantity to be negotiated with the procuring activity. For the
all equipments tests, all production units shall be tested. For a sampling type test, the
equipmnts to be tested shall be representative of the entire lot from which they are selected
and selections shall be specified by the procuring activity. All equipments selected shall have
been subjected only to that preconditioning applied to all items of equipment submitted for
acceptance and shall have passed the individual tests described in the acceptance test portion
of the normal production test specification. Equipments used for special tests, which are not
a part of the production process, shall not be considered for the reliability tests. If specifi-
cally authorized by the procuring activity, equipments used for the thermal survey and vibration
survey may be used for reliability tests.

5.5.2 Installation of equipment. The equipment to be tested shall be installed in the
test facility in a manner representative of the field installation with the necessary instru-
mentation to meet the requirements for the test and to provide for the safety of the equipment,
the test facility, and the personnel. Calibration and adjustment of the test samples shall be
limited to those specified in the applicable detailed test procedures.

Caution: Placement of the test samples in the chamber can have an effect on the thermal charac-

@

teristfcs of the test samples.

5.5.3 Measurement. The equipment performance parameters to be measured and the frequency
of measurement shall be specified in the test procedures (see Appendix D). If the value of any
required performance parameter is not within specified limits, a failure shall be recorded. If
the exact time of failure cannot be determined, the failure shall be presumed to have occurred
at the last recorded observation or successful measurement of that same parameter. Observations
and measurements shall be made and recorded during different portions of the test cycle (A and B
of FIGURE 1) with at least one set of measurements recorded when the equipment is first energized
after any specified equipment start-up period.

5.5.4 Testing sequence. The testing sequence shall be as specified in the test procedure.
This sequence shall be repeated until a failure occurs or the total test time is completed. Ifhen
a faflure occurs, the equipment shall be repaired and testing resumed, preferably in that part of
the sequence w%ere the failure occurred.

5.6 Failure actions. On the occasion of a failure, entries shall be made on the appropriate
data logs and the failed equipment shall be removed from test and repaired with mtnimum interrup-
tion to the equipments continuing on test. Fa$lure acttons shall be defined in the test plan.
For guidance, the following shall be considered in defining the specific actions of failure in
the test plan. All failed parts shall be replaced; any part which his deteriorated but does not
exceed spec$fied tolerance limits shall not be replaced unless that part is known to have been
stressed beyond its rated capability due to another part failing. After a failed and repaired
equip~nt has been returned to operable condition, It shall be returned to test with appropriate
entries in the data logs, and wtth minf~ Int,erruptlonto the other equ$pment continuing on test. The
absence ofone or more equipments for the purpose of failure repair shall not affect the ability
to make decfslons fnm log data. Failures discovered during equipnmtor sub-element operation
for troubleshooting purposes, if not dependenton the basic failure, shall be categorized and
recorded and if not determined to be non-relevant, shall be considered as relevant multiple
failures having occurred at the sa~ time as the b~ic failure. ~dules and sub~sembltes shall
not be permanently replaced unless they have previously been designated as disposal at faflure
itefcseras approved by the procuring activity. Temporary replacemnt of plug-in i@ms~be
authorized by the procuring activity during troubleshooting and repair periods, when necessary

o

to pemitreliabili~ test continuation. Piece parts removed durihg repair shall notbe
n?installed when the reliability of the equip!mt could be impaired as judged by appropriate
quality assurance and workmanship practices.
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5.6.1 Faflure categories. All failures shall be classified as relevant or nonrelevant.
Relevant failures shall be further classified as chargeable or nonchargeable. Classiffcatlon
of faflures will be proposed by the contractor and forwarded to the procurfng activfty for
approval’as partof the test plan. See FIGURE 6 for example of faflure categories.

5.6.1.1 Relevant faflures.

a. Intermittent faflures.
b. Unverified. Failures whfch cannot be duplicated or are still under investigation,

or for which no cause could be determined.
Verified. Failures not otherwise excluded under 5.6.l.2.

.

c.

5.6.1.2 Nonrelevant failures.
.,

a. Installation damage.
-.

b. Accident or mishandling.
,>

c. Failures of the test ~acflityor test-peculfar instrumentation. “
d. Equipment failures caused by an externally applfed overstress condition fn excess

of the approved test requirements.
e. Normal operatfng adjustments (non-failures) as prescribed in the approved

equipment operating instructions.

5.6.1.3 Chargeable failures.

Intermittent faf”lures(IF). ‘
;: Unverified faflures (UF).
c. Independent failures to include:

“[
1 Equipment design (ED).
2 Eqtifpmentmanufacturing (EM).

J

3 Part desfgn (PD).
4 Part manufacturing (PM).
5 Software errors (SE). NOTE: If software errors are corrected andveriffed.

durfng the test, such errors shall not be chargeable as equfpment faflures. ●
(6) Contractor-furnished (CF) operating, maintenance orrepafr procedure that

cause equipment failure. ,.

5.6.1.4 Nonchargeable faflures.

a. Nonrelevant faflures.
b. Dependent failures counted with the independent faflure that caused them.
c. .Failuresinduced by GFE equipment, operating, maintenance or repafr procedures.
d. Failures of items having a speciffed life expectancy, when operated beyond the

defined replacement time of that item. ,,
,. .

-“
&

EQUIPMENT FAILURE WHICH CAN BE MO

ECTEDTOJ,OCCUR IN.FIELDSER ,

0
>

NDENT FAILURES ~AUSEDTHEKB

d!CLASSIFIE
ARGEABL

FIGURE 6. Exampleof failure categories.
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5.6.2 Analysts of failures. Every equipmentor part failure observed including
Government Furnished Equ$pment (GFE) or parts which are tested with the equipment under test,
shall be investigated and analyzed to determine the cause of failure. Analysis of GFE failures
shall be limited to verifying that the contractor’s equipment under test did not cause the
failure in theGFE and the procuring activity shall be sonotifted. The investigation and
analysis of other than GFE fatlures shall consist of any applicable method (such as test,
application study, dissection, X-ray analysis, microscopic analysis, or spectrographic analys$s)
which may be necessary to determine the cause of failure. It is the ob.ject}vethat no part or
unit may be rentovedfran any equipment involved in the reliability test unless such part or unit
can be demonstrated by the contractor to be overstressed or outside of specification tolerances,
However, when no part or unit can be demonstrated to be,beyond specification lim{ts, whether
deteriorated or otherwise, the equipment failure must be classified as a relevant failure and
shall be counted in the total number of equipment failures. Details of the circumstances shall
be referred to the design or quality control activtty for close study. Repair where a good
part was replaced made under the”above conditions,shall not be counted as a relevant failure,
tf the original failure synptan recurs during the next measurement opportunity at the same
enviroimznt fn which it failed originally, and if the erroneously replaced part cannot be con-
firmed to be defective.

5.7 Oetenninatlonof compliance.

5.7.1 General. Compliance shall be determined by the accept/reject criteria of the approved
test plan anwdure. Compliance shall be reviewed after each equipment failure is categorized
by the procuring activity or at any other appropriate time. The basis for compliance shall be
the total count of chargeable equipment failures and the test time, us~ng the applicable accept/
reject criteria. Test time is equipment operating time or exposure tire, as appropriate, and
shall be recorded as accumulated unit test hours. A dec~sion to accept, continue testing, or
reject shall result in the actions delineated in 5.7.2 to 5.7.5. Unless otherwise specified by
the procuring activity, an acce@ decision shall not be made at apointwtwrea nysinglee quip-

o

ment of the demonstration sample shall have accumulated less than one-half of the average credit-
able test time of all samples. Once classified as chargeable by the procuring activity, failures
shall not be reclassified as nonchargeable on the basis of a recommended corrective action.

5.7.2 Accept in reliability ualification phase. blhenan accept decision ts reachedby
satisfying requirements In accordance with the speci~ied test plan and procedure for the
reliability qualification test, the equipment design has been qualified for production with
respect to reliability. This does not mean that 90 has been achfeved, but that there is a high
probability that QI has been exceeded.

5.7.3 Accept inproduct~on reliability accwtance phase.

5.7.3.1 Production lot sampling test. If an accept decision is reachedon a lot sarhpling
basis bysatislying the requirements of the specified test plan and procedures, all equipments
in that production lot are accepted. The reliability test units shali be resubmitted to their.
individual performance acceptance tests. Nhen refurbishment of test units is required, see 5.11.

5.7.3.2 All ~Ui pment reliability test. Under all equipment production reliability
acceptance tesling, all equipments

.
that complete their specified test duration satisfactorily

shall be accepted until the reject lineof Test Plan XVIIIC is crossed (see 4.5.4).

5.7.4 Reject inreliabilityq ualjfication phase. If the qualification test results In a
reject decision, the equtpment design has not been qualfffed for product~on with respect to
reliability.

5.7.5 Reject in r~liab$lityp reduction acceptance phase.

5.7.5.1 Production lot sampling test. If a reject decision is reachedon a lot sampling
basis, all equipments In that lot are noncompliant, and further acc~tance shall be discontinued.
Corrective action shall be as specified for non-cmpliance (see 5.9).
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5.7,5.2 All equipment reli’abilitytest. If all equipment production rell’ability
acceptance”testing results in a reject decision by crossing the reject line of Test Plan XVII,
further acceptanceshall be discontinued. Corrective action shall be as specified for
non-compliance (see 5.9).

5j8’ Verifying repair.
,.

The contractor shall verify theeffectiveness of the repair.of
failed equipment before resuming reliability testing. ., L .

:!

5.9 Corrective action. Cor~ctive actions for”all.failttresshall be determined and ~
recommended to the procuring activity. In the event of”non-compliance (reject decision), or
when a pattern failure occurs; the contractor shall immediately notify the procuring activity and
promptly develop and submit a corrective action plan based on the order in CDRL’(DD 1423). In
the event of non-compliance”(reject decision), the corrective action plan shall address all
failures that have occurred during reliability testing. Changes of specified perfo?yance or
required reliability characteristics of the equipment are not correctiveactions. Implementation
of the plan is’contingent upon the approval of the procuring activity. See Data ItemDescription
entitled Plan, Corrective Action for List of Items to be covered, DID numb& DI.Rjjo~8.

-.

5.10 Preventivemaintenance. Preventive maintenance procedures specified for the equipment
during service use and listed in the.approved test proc~dures.shall be performed,during the
reliability test. No additional preventive maintenance is allowed during the reliability test
or during equipmentrepairunless specifically authorized by the contract with respect to the
test. Preventive maintenance may be performed on.the test facility asnecessary. to ensure
completion of the reliability test.

5.}1 Restoration of-tested equipments. Upon completionof reliability tests, equipment
shall ‘berefurbished as necessary to return,to satisfactory operating condition unless other
disposition is directedbyc ontract. Failed parts shall be replaced and parts which have
deteriorated but do not exceed specified tolerance shall be,replaced unless theprocuring activity
directs otherwise. The equipmentsshall successfully complete the acceptance test procedures
prior to shipment. Unless’otherwise specified by contract, the contractor shall furnish all
replacement parts required for refurbishment.

a
5.12 Test records. Records addressing both burn-in and test shall be maintained continu-

—

ously as speclfled In he approved test ,procedure. Th,eserecords shall be.in general accord with
the recamnendations.presented in Appendix.D and shall include:

Test log and data record
::. Equipment failure record . ,.
c. Failure summary report
d. Failure tag
e. Failure identification/analysisreport
f. Failure classification

5.13 Reliabilitytestreports. No reports are required by this document un)ess they are
specified by the contract or order. The contract or CDRL (DD 1423) will specify reports in
accordance with MIL-STD-781, the following shall apply:

5.13.1 Periodic summary. See Data Jtem Description entitled’Reports, Reliability Test
and Demonstration for List of Items to be covered, DID number DI-R=7034.

5.13.2” Final reort.
+

The final report shall be prepared after ’completionof equipment
testing. This report s all’summarize all test results obtained duri’ng.the contract and shall
include; but not be limited ito~a failure ”sunnnaryand,analysis, and a general reliability
anal.ysis.

5.13.2.1 Failure summary and analysis. Failure analysis of items shall cover the detailed
di.=,gnosisof each fallureand, Include basic COtW2CtiVt? actions identified, indicated or accomplished.
Each failure analysis shall be cross referenced to the consecutive failure numbers. Full
supporting data fbr all failures classed as non-relevant or test equipment shall
See Data Item Description entitled Report, Failure Summary and Analysis for List
covered, DID number DI-R-7041.

be included.
of Items to be
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5.13.2.2 General reliability analysts of equipment. The final report shall Include a
general analysis of the equipment reliability A sum!taryof pert+nent data and information
shall be presented. Normally, graphs of they~ccept/reject criteria with test data plotted
thereon; of fatlures byequfpment serfal number plotted against tlm; and ofobserved MTBF
plotted against time (for the duration of the contract) are appropriate. All pertinent factors
should be analyzed carefully and appropriate conclusions or inferences including effects of
test environments presentedto the procuring activity. An analysis of failures should include
categorization as described in 5.6.1.1 and 5.6.L.2.

6. NOTES AND CONCLUDING MATERIAL

6.1 Intended use. This standard is used to measure contractual compliance with specified
reliability requirements.

6.2 Ordering data. Procurement documents should specffy the following:

e

::

c.
d.

e.
f.
9*

h.

::

k.
1.

m.
n.

o.

Title, nunber, and dateof this standard
Application (see lf12)
Classification.(see 1.3)
When a production reliability accep.tancetest is notperfonned on each lot
produced (see 4.1.2)
Speciffc profile of stresses to be applled during the test (see 4.3.1)
Uhen stress types shall not be”comblned In the sane chunber (see 4.3.2)
The rqulred test duration and number of consecutive failure free thermal
test cycles (see 4,4)
Test plans to be used fn preproduction rellablllty quallflcatlon and production
reliability acceptance test (see 4.5.2.1)
Sample size requ~red forthequallflcation phase test plans (see 4.5.2.3)
!fother than3 equlpnents per lot for the production reliability acce@ance
test (see 4.5.2.3)
Confidence fnterval (see 4.6.2)
If the last.repair durlngburn-i~ is not’to be verified by a failure-free
operattng eriod of at least two canplete test cycles (vibration and temperature
(see 5.1.9!
Preconditlonlng burn-in andenvlronnental stresses (see 5.1.9)
Ifan accmt decision shall be made at apointtiere any single equi~nt of the
demonstration sample shall have accumulated less than one-half of-the average
creditable test time of all samples (see 5.7.1).
If contractor is not to furnish all replacanent parts required for refurbishment
(see 5.11)

6.3 Data requtreiuents. Deliverable data required by
following paragraphs:

Paragraph Datn Requirement

5.1.2 PLAN, RELIABILINYEST
5.1.3 PRfKEDURES, RELIABILITY TESTS
5.1.5 REPORT. THEPM4L SLRVEY

this standard Is cited in the

Applicable DID

DI-R-7033
DI-R-7035
DX-R-7036

5.1.6 REPORT~ VIBRATION SURVEY
5.1.9 .

DI-R-7037
REPORT, BURN-IN TEST DI-R-7040
PLAN, CORRECTIVE ACTION 01-R-7038

::;3.1 “ REPORTS, RELIABILITY TEsT AND DENDNSTRATION DI-R-7034
5.13.2.1 REPORT, FAILED HEMAKALYSIS DI-R-7039
5.13.2.1 REPORT, FAILURE SWWARY AND ANALYSIS DI-R-7041
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6.4 Changesfr’&wprevious issue. Asterisks,are not used in’this revision to identify
ch+nges wil.hrespect to he previous issue, due to the extensiveness of the changes.

..- .,
,-, ,. . .

...’

Custodians:”
.,

AmY-EL “
Navy-EC
Air Force-ii , ,.

Review Activities:

A~-EL, MI,& ?V< ,
‘Navy-AS; SH, 0S”’
Air Force-01, 10, 13, 17, 19, 16j18
Navy-AS, SH, OS

“ Army-AT;, UC,’ ME
Navy-
Air Force-

., .
,..

,, ,:.‘,.

,.
,..

4,’
:’”, !,

., .,
,.,.

‘, ~,..

,.,~ ,.

i..

. .

. ,.

.,

Preparing Activity:
NAVY-EC

(Project No.RELI-0004 )

. ,,
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APPENDIX A*

RELIABILITY PR(KRANOVERVIEN AND
ROLE OF RELIABILITY TESTIN6

10. GENERAL

THE

tO.1 scope. This appendix describes briefly arelfabllity progrmaof the type desired by the
i~bentatlon of MIL-STO-785, applicable to development and production, including the necessary
environmental considerations and provld{ng the program relationships to reliability qualification
and acceptance testing.

io.2 Purpose. The purpose of th$s appendtx is to provide the interrelationship of the rella-
bilityqualfiicatfon and acceptance testing to the total rellablltty progran, andtoh$ghllght
those reliability activities that nwstbecompleted pr{orto such testing, tf tt is to beeffectlve.

10.3 Progran goals. The goal of the relatabilityprogram is toprovlde a high degree of con-
fidence (bob analytitally and through testing) that the subject equipment will achieve satisfac-
tory reliability values In field sewtce. A the-phased program whfch toward achieving this go-l
is described in the following sections, and illustrated in TABLE A-I. This appendix”does not fn-
clude the necessary management structure or management tasks required to assure effectiveness of
the reliability progran efforts, nor any contractually requ$red reporting efforts.

20. APPLICABLE DOCUWNTS

MIL-STO-81O EnvirorsnentalTest Uethods

30. RELIA81L1TY PRo6RMELE~NTS

e

30.1 Requirententsdeffnttlon. Reliability fs the probability that an item will perfom Its
intended function for a specified {nte~al under stated conditions. It Is fundamental that the
requirements for the ttcsnbe fully deftned, fncludfng the desired reliability, the deflnltlon of
performance, the requ{red tnterwals, and the operational conditions. Representative tasks are
shown fn TABLE A-I.

30.2 Oesi n su
~“

Beginning with the earliest eng~neer$ng phase of the equipment design,
iterativere a y eslgn support tasks shoutd be Initiated. These tasks must be planned and
scheduled to provfde design criteria in a timely manner,
thedesfgn as It progresses.

and to assess the potential reliability of
Representative tasks are shown {n TABLE A-I.

30.3 Developamnt SUPPOrt. Ourtng the development phase, the reliability model should be
updated and production modem eftned. The Faflure Nodes, Effects and Crfticaltty AnalYSts (FIECA)
should also be updated. See TABLE A-1 for representative tasks.

30.4 alificationsuppo rt. During all phases of the progruu, reliability support should be
prov$dedfo~t he planning of tests, failure.recurrence control, assessment of test results, moni-
toring of reliabtllty.growth, and other supportive tasks, of which representative examples are
shown in TABLE A-I.

30.5 Producttonsuppo rt. During theproductlon and deployment phase of theequlpment lffe
cycle, reliZ6T17ty support should be provided for monitoring of fatlures and failure recurrence
control, conduct of the relfabllfty and envtrormental accqtance tests,
and devloyed equipment data for product tqwovement. Typical tasks are

● TNIS APPENDIXWILL.8E DELETED AND INCORPORATE INTO MIL-STD-785
FOR COORDINATIOIJL

and feedback of sto&plle
shown in TA6LE A-I.

KNEN XT ISCIRCUIATED
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. TABLE A-I. Ex~le of ti~-phasedreliabilityprogr~ activities.

. . .. . . .u L 11 111

I I DEliONSIRATIONANO
PRDGRANPILW I

PROOUCTIDN
‘CONCEPWL’~E VAL1DATIONPNASE . ‘FULLSC4LE,ENGINEERINGOEVELOPNEt~PNASE PNASE

@abillty Requi;hnte
Task hwa

DasfynsJPort ‘, “Deve~~t .Qu~::f$etlon Production
Dafinftfon (30.1) (30.5)

.

Key . Life Cycle Praflle

I

● EstebltshDes~gn
Dafhsitlan

e UpdateAali-
Crltaria

c RelicLHlfty@aliftca-o Reliability
ability ttedel 6 tion Test (HIL-STD-7S1) Acceptance “Tests
Praducti on (MIL-STCI-781)

q Establish Field.

1 / ‘

- Tlsareul.lksfgn
$ewiceRell-’

● Perform Reli --

- Fallu;e ModeEffects ability Develop-
ability’ of ’$imllar

and Criticali~ ment Testing
Systems & Equipmea

Analysis (::;~yze-

● Define Quantitative
Reliability Require
messts

● Reliability Allocat-
ion

.,

I I

I I

● PrepareReliability
Prediction I .1

+“ }

● Prototype Testing
------- —-. ..- . . . . . ..-.” ------- . . . . . . . . . . . . . . . . . . ..-

+ “+.
-------------------- ------------ -------------

1
---------- -.---------y ----

w e System Effectiveness o Parts Qualification ● Failure Recur-.. e Fa$lure Recur-
Supportive Analysis
Tasks

rance control o Failure Recdrrance
s Application and rence Control Contrel Program

s ObtainField Sewica Derating Criteria Program Program
Reliability and o Trend Analysis

o Determination of ● Trend Analysis
Environmental Data

@Trend Analysis

fran similar ,systama Qualification and e Cbctenantation ● l%%:onQualfft..
s Parts Qualification

Acceptance Testand eqpipnent Review $ Change Revitr.+
Conditions, proce-
dures and acceptj . Docurentqtioir” mStockpile Suweillance

reject criteria and Change
Review

o Proceis Contra?
—

‘a Bum-in and Screening
e“Bum-in and

I - “1 ‘1 I
...-

Screening I

. .?

-:
,-.,
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0
40.’ RELIABILITY PROGRAM TASKS

40.1 Operational life profile definition. Each significant life ’cycleevent should be”iden-
tified in terms ot functions to be performed, operating modes, ON/OFF’cycling conditions, event
durations, equipment locations,.and equipment conditions (packaged, stored, mounted for use, opera-
tional, and so forth). The operational life cycle profile will include one or more mission pro-
files (individual tactical situations).

.,

40.2 Environmental requirements definition. A description of the environmental levels and
durations to be encountered during.each llfe cycle event (including packaging, handling, storage, ....

transportation, and operational events) should be recorded. The individual environmental exposures
should then be combined to form the system environmental specification. Where applicable, separate
environmental specifications.$houldbe prepared for each .supsy?tem.orunit to be subjected to
reliability testing in accordance with this document. s

40.3 Reliability requirements definitions. Quantitative reliability requirements should be
developed tor each phase ot the Ilte cycle to allow the system to meet the systems effectiveness
requirements.

40.4 Reliability allocation. The system reliability requirements derived in 40.3 should be
apportioned to the various subsystems and components, using appropriate mathematical techniques, to
provide specific design requirements for each subsystem and component.

40.5 System effectiveness analysis. The basic requirements for the system should be defined
based on user needs, and other tactical considerations such ai threat’analysis, tawet. and weaPon
vulnerability, lethality, desired availability and dependability.”

40.6 Design criteria definition. Specific design criteria should be defined prior to the
actual design effort to provide guidance regarding features which must be incorporated into the de-
sign to assure meeting the design requirements. Typical design criteria include,Parts Application
and Debating.Criteria, Preferred parts Lists, Non-standsrd parts Control “Requirements Mechanical
and Thermal Design Requirements, use of redundancy, and so forth. The design.criteria should also
assure that the reliability requirements, as derived from the requirement analysis and allocation

●
studies, iS properly treatedby the design group. ,,

“,

40.7 Oesignanalyses. Independent assessments of the design should,be performed as ~he de-
sign matures to assure conformance to the design criteria, and to identify problem areas fordesign
resolution. Typical tasks include: electrical, mechanical, and thermal stress analyses (calcu-
lated”or measured to assure conformance to the.derating criteria or to established safetYmar9ins);
mechanica.l..and electrical tolerance analysis (calculations to assure adequate production yields,
interchangeability, and achievement of specified performance); environmental analysis (design analy-
sis to assure that ’thedesi n is capable of surviving in the intended use environment); Failure

!“Modes, Effects,”andCritics lty Analysis (identification of single and multiple failure modes, and
‘the incorporation of corrective action to improve the fault tolerant capabilities of the design);
and Sneak CircuitAnalysis ~analysis of the system and its interfaces and ancillary equipment to
Identify.and eliminate latent path$ which cause undesired functions or inhibit desired functions).

40.8 Reliability model definition. Block diagrams and reliabilitymathmodels of the system
or equipmen~, depicting the functional interrelationships for satisfactory system performance,

“.

should be recorded and maintained current as the design matures.

40.9 Reliability prediction. Apredic.tion should.be made of the reliability of the design to
~rovide con?ldence that the equipment or system will meet the reliability requirement. The predic-
tion should be maintained current as the design-matures.
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40.13 Parts qualification.
materials used in the design have
lity, and quality considerations,

A program should be Implemented to assure that all parts and
been qualified, includfng environmental, performance. reliabi-
and that all vendors maintain adequate quality assurance programs.

40.14 Documentation and change review. Production vers~ons of the design disclosure draw-
ings and specifications should be revieued to assure that reliability and quality assurance pro-
visions are properly controlled. All changes should be reviewed prior to incorporation to assure
that reliability will not be degraded.

40.15 Process control. Assenbly proceduns, manufacturing instructions, test procedures,
inspection procedures, and process control procedures, and all changes thereto, should be reviewed

.

for adequate reliability controls. Inspection results and test data should be monitored to detect
new or potential problems.

40.16 Stockpile surveillance.
.

Equipments that have been placed in inventory and deployed
to the field should be continuously monitored for failure trends to provide feedback to produc-
tion for refinement of the design production processes, acceptance test procedures and so forth.

.

.
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40.10 Integrated test,planning. In every. new equipment~ptiocuremen~,an Integrated Test

Plan should be generated early in theprogram to gain.the greatest benefitfrom thervarious test
phases, which should complement,each other and reduce duplication. During the development phase,
after engineering tes,tshave been completed and prototypeequipments,have been,builti theenvi-,
ronmental qualification tests have to be carried out. The reliability,growth testing, If,re-
quired, may begi~ in parallel.with environmental qualification but any design changes requi,,red’
to meet enviromnental requirements must be incorporated in the preproduction units,bei,ngused for
the reliability tests.

To gain the greatest kenefit frcm the fai,luresencountered during the”testihg:prpgr~’ a
closed-loop failure reporting,analysis and corrective action system should,.be implemented at”the
beginning of the]f.irstformal test, usually one of the environmental ’qualificationtests and it
should remain effective through the production phase. The various types of testing to,be covered
in a full-scale ~evelopment and production program are presented.in ,the,,followingparagraphs. ,,

40.10.1 .Reliabilitydevelopmenttesting. Sufficient,testing.should be conducted to provide
confidence that he,equlpment,reliabi.lltymeets or exceeds the value ’ofe . Thi,sis a test,
‘analyze and fix (TAAF) type test and normally consists of a sequence of t&ting, ’analyzing’’all’
failures, incorporating corrective action, and retesting, with the.sequence repeated’”untilassur-
ance is obtained~that the required reliability can be demonstrated .duringthe reliability quali-
fication test. ~

. .
. .

40.10.2 En~iromental development testin~. Sufficient ‘testing‘shouldbe conducted to pro-
vide.confidence that the equipment will operate satisfactorily in the intend,eduse environment.
Test,jng,shouldinclude exposure to both indi~,idualenviromrien$sand combinations of.enyiroinnent:.
This no~ally consists of a sequence,of testing; an,alyzing;all failures, incorporating Corrective
action, and retefting with the sequence repeated until the required capability has been <
demonstrated. ,. .,

~40.10.3 En~ironmental qualification test.
duc~@d to demonstrate that

Eriviromnentalqualification tests should be con-
he documentation package,,the manufacturing procedures, ‘a’ndthe rel5a-

bilit~ and quallty programs provide hardware which will function properly under the specified;

‘“viromnta’ Conditions”

,,
;’.

40.10.4 Reliability qualification test (MIL-STD-781~. Reliability qualification tests in
accordance with MIL-STD-781 be performed to provide a high degree of confidence that the
hardware reliability meets o: ficeeds the requirements.

..,: ,,
,.

40..10.5‘Reliability acceptance,.t,ests(MIL-STD.A781). Rel’i’abil,ity’acceptpnce”tests should be
conducted eitherlon a lot-by-lot sampling basis or on an all equipment testing basis,utilizing an
.appropriateMI,L-STO-781 testpl’an. Sucti”testswill provide confidence that the hardware’rel,ia~
bility will cont~nue to meet requirements. . .

4, ..
40;10.6 Bu~n-in andscreening tests. 8urn-in and screening tests shoul’d”be’dbveloped and,

i!nplementedat various levels of assembly, including the end’item, to assure that equipment pre-
sented for qualification or acceptance testing is free of workmanship defects and other’’iflfant
mortality problems. ,’-’ ,~...,

40.11 Fai”l&e recurrence cohtrol”proqram.” A program for the collection of failure data, the
analysis ofl he failures to identify the causes; and the development, incorporation,’and evalua-
tion of correcti~e actions to preclude failure recurrenceshould be implemented: ,t,..

repo$.%ou%#%%”
Hardware ’performancedata;”reliability assessment data, an’cfailure

e ana yze to identify and correct areasof.spacification incompatibility;uncle-
sirable trends in performance or reliability, and otherwise uiidetectedproblem areas. “’ ,,

I
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APPENOIX B

RELIA81LITXQUAL1FICATION AND
ACCEPTANCE TEST CONDITIONS

This appendix discusses the test conditions for reliability qualification and
including the analyses necessary to establish conditions appropriate to the
or equipment.

10.2 Pur ose.
&

The purpose of this appendix is to provide guidance to those responsible for
the establl n of the conditions applicable to reliability qualification and acceptance tests
as pertinent to the particular system or equipment under consideration.

20. APPLICABLE 00CUMMTS

#lIL-E-5400

MIL-E-16400

MIL-STO-1670(AS)

HIL-STO-81O
HIL-STO-21O

Electronic Equipment, Airborne, General Specification
For
Electronic, Interior Communication And Navigation
Equipment, Naval Ship And Shore: General Specifica-
tion For
Enviromtental Criteria And Guidelines For Air
Launched Weapons
Environmental Test Methods
Climatic Extrenes For hlilitaryEquipment

30. DEFINITIONS Not applicable,

e 40. HISSION/ENVIRONMENTAL PROFILES AND TEST CONDITIONS

40.1 Mission/enviromtental profiles. The mi$sion/environmental profiles should be used to
determine the equipment’s enviromnental specifications. The mission profiles to be included are
derived from the operational life profile as defined by the stated operational requirements for
the equipment/systen being procured. If such information is not provided in the original contrac-
tual documentation,.provision should be made by the procuring activity, in conjunction with the
contractor to cooperatively derive the mission/enviromnental profiles and the equipment environ-
mental specifications by investigation of historical data on similar equipment applications and
mounting platfmn(s). Each significant life-cycle event must be considered: transporting, hand-
ling, installation and checkout, and each tactical mission (if more than one defined) totiich it
will be applied, including platfom category and operational situation.

40.2 Derivation of test conditions/levels. Te$t conditions/levels are derived from the
equipment’s envlrorsnentalspecifications and the life-mission profiles.

40.2.1 Reliability qualification and acceptance test conditions.The statistical reliability qualifica-
tion and acceptance tests are carried out under the combined envlromtental conditions of electri-
cal input, temperature, vibration and generally humidity. The test levels for these various

,conditions are to be derived fran the mission/enviromnental profiles for that particular equipment
in its field service application. tihenequipment is designed for one application with a single
mission or one type of ~etitive mission, the test cycle profile is essentially the mission/envi-
ronnental profile. The.test conditions aremade to sirrulatethe actual stress levels over the
durations present during the mission. If the equipment is applicable to several types of mis-
sions and environmental conditions, the test cycle profile should be a composite of the various
missions with the test levels and duration prorated according to the percentage of each mission
type expected during the equipment’s life cycle. Of course, in order to derive test conditions
and levels as indicated above, the actual enviromrents (especially temperature and vibration) as:
be measured at the location here t,leequipment is to be mounted during an actual mission opera-
tion. Uhere such data, or similar data, are not available, the conditions and levels presented in
Section 500f this appendix mayae used as guidelines.
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~

50. COMBINEO ENWIROHMENTAL TEST CONDITIONS

. -,.,“s
The environmental test conditions and stress levels are..soecifiedfor each category of eauitk

ment classification:

Categorj 1
Category 2
Category 3

Categor~”4
Category 5
Category6

-. . .

Fixed ground’equipment (see 50.1) , t..

Mobile ground vehicle equipment (see 50.2)
Shipboard equipment (see (50.3.) “,
A. Sheltered
,8. Unsheltered
Equipment for jet aircraft (see 50;4)

:

Turbo-prop aircraft and helicopter equipment (see 50.5)
Air-launched weapons and assembled external ktorek (see 50.6)

50.1 Combined environments for’fixed ground equipinent;
I ,,

50.1.1 General. Equipment designed for fixed ground installation is generally located in a
controlled en~nt within a building and therefore does not require cyclic.environmental cri-
teria for testing! ‘However,such equipment does have to’be transported to its final installation
site; therefore, a nominalvibration test is to be applied, ‘withpower off, before each reliabi-
lity test. Cont~actually specific operating conditions and environments shall be used during”the
reliability qualification and acceptance tests. If none are specified, the enviromnental cri-
teria presented ~n the following paragraphs may be{used as,guidelines in preparing the test plan
and,procedures.,

I,.~
50.,1.2 Electronic stress. ;Theequipment shall be operated at noqina~.design input Power ~

voltage for 5a percent of the time, ‘andat minimum and maximum input voltages for 25 percent of
the time, respect~vely. Minimum range, if not specified, shall be nominal+5 percentto nominal
-2 percent. Length of operating cycle will depend on the operational use of the equipment - 4
hour shift, 8 hour shift, 16 hours perday, or round-the-clock continuous operation with periodic
shutdowns for routine maintenance. ,,

50.1.3 Vibration stress. None required during operation. If the equipment is not packaged
specifically for transportation.to its installation site, a naninal vibration stress shall be
applied as follows: single frequenc~ sine-wave vibration at 2.2 g pk between 20 anti.60Hz for
20 minutes for each equipment before starting the’reliability test. If.equipment has a specified
shipping configuration,‘itshall be qualified for adequate shipping protection by packing equip-
ment in its specified configuration, and testing in accordance with the shipping vibrationand
shock expected, before starting the reliability test. ..,.

50.1.4 Therkal stress. The equipment will be operated at its specified’ambient temperature
condition. If no~ specified, use thermal condition A, B, or C as appropriate.

I
A- Inktalled in an occupied building with air conditioning/heating automatically con-

trolled, use 20”C as operating ambient
8- Use 40°C,if not air conditioned but where summer ~eat could approach such a

teinperature
c- Iflan unoccupied, non-air-condit,ionedenclosure ~nd in semi-tropical or tropical

. lo~ation, doone.half of testing at 6@C, onequa~ter at 40°C, and one quarter at
20 c

50.1.5 Humibity. None required’unless specified in contract.

1:

.,
,.

!. 1’ i’

I
.

I
I ‘, ,.
[
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50.2 -ined envirommnts for mobile ground equipment, vehicle mounted.

50.2.t- 6enerai. The specific application for the equfpment shall be considered when speci-
fying the cd lned envirorrnentsfor reliability tests. for example, the type of vehicle and the
geographical region where itwill be deployed. ML-STO-21O shall be used to determine climatic
extremes for the geographical area where the equipment and vehicle will be used. MIL-STD-81O can
provide guidance for the vibration requirfsnents. Mounting platforms include tracked and wheeled
vehicles. oPeratin9 time onmovfn9 vehicle verws operating time while stationarymst also be
considered in developing a cyclic test similar to the one shown in FIGURE 8-1.

S0.2.2 Electrical stress. The equipment shall be operated at mxninal design input power
voltage for 5’0percent of the time, and at miniaum and maxiwm input voltages for 25 percent of
thetirm, respectively. Hininxnnrange, ff not specified elsewhere, shall be t10 percentof no-
minal. Length of operational cycle shall be based on mission requirements and design specifica-
tions.

If designed for continuous operation for an eight-hour shift, the operating cycle shall be
eight hours with complete shut-down before the next operation, long enough for equ~pment to
stabil$ze at the specified ambient temperature.

S0.2.3 Vibration stress. Swept sine-wave vibration shall be applied over the frequency
range of 5 to_57)0Hz f 1s minutes per hour of operation as follows: 1.0 inch (25.4 mu) double
an@litude (OA), 5 to6~~Hz, 2g fran6.3 to5001iz unless specific requirements are given else-
where. For example, if the equipment is operated the majorityof the tiak?with the vehicle sta-
tionary, the vibration shall be applied for only a specific portion of the operating cycle.
NIL-STD-81O, Test Method 514.2. Procedure VII] maybe used as a guideline for vibration require-
amts.

50.2.4 Thermal stress. The equipment shall be operated at its specific ambient temperature

@

conditions franmintnann tomaxiuum as indicated in F16URE 8-1. If no ambient temperatures are spe-
cified, the following shall be used:

Cold soak tanperature: -54°C (start ofnonrtal cycle)
Hot soak temperature: “+85°c (every 5th cycle)
Operating temperature range: -40”Cto+55°C

50.2.5 Uoisture. Moisture levels sufficient to cause visible condensation and frosting
shall be used, when such.conditions can be expected in the field service envirorvnentof the equip-
ment under test. Humidity need not be held constant during the test cycle, and high levels may
be accomplished by moisture injection at appropriate times in the test CYCle.

S0.3 Cunbined environments for shipboard equipment.

50.3.1 General. Shipboard equipment installed within enclosed operating areas of a ship are
not exposed t~xtrame conditions of the unsheltered deck or super-structure and mast areas.
Therefore. the functionof theequi~nt and its installed location determine the environmental
stresses. The following paragraphs shall be used if the enviromnental conditions are not speci-

. fied in the contractual docunents nor in the equipment specifications. Note different stress
levels in thermal area for sheltered and unsheltered installations.

50.3.2 Electrical stress. During the operating cycle, input voltage shall be adjusted to
various levels as shown in ~ B-Z based on specified input voltage ranges for the equipment.
If not otherwise specified, the input voltage range shall be *7 percent of nominal design voltage.
After refer..... . ....-.---- ---.,-rents are taken at n~fnal voltage at roan temperature, minimum v01ta9e
shall be app’ied for the initial period of the operating cycle and tnaxinumvoltage during the
highest ambient temperature and for the balance of the cycle, ncminal voltage shall be ~plfed.
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I
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●✍✍✍✍

. Rateofchambsr temperature change shall average 5°C/minute unless otherwise spacified

------ non-opereting ●15 minutes per hour
of operation.

— operating

FIGURE B-1. Typical envi.ronmental”cyclemobile groundequipment.
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FIGURE B-2. Test cycle (typical shipboard).
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50.3.3 Vibr~tion stress (continuous). The vibration stress
the vibrations that may exist at the mounting platform. If these
either sheltered or unsheltered installations shall be:

I

Amplitude:
Frequency range: ‘
Sweep ti’me:

The test shall beirun’in a single
approved by the procuring agency.

.020 inch (DA) t.004’inch (DA)
4 Hz -33HZ-4HZ

to be applied shall be based on
are unknown, the stresses for

(.508MM (DA) *.102 MM (DA))

10 minutes t2 minutes (up and down)

axis to be specified by the contractor in the test plan and

‘50.3.4 The~al stress. The temperature limits, minimum and maximum, shall be based on the
mission requirements and equipment specifications. If these are not thus specified, the equipment
shall be sub.iectedto the thermal conditions listed in TABLE B-I, dependinq:on installation in a
sheltered or-unsheltered mounting platform.

I

TABLE 8-1. Th”ermalconditions.

The temperature c
equipment specifi
stress .levels,ra
as specified in t
test plan and tes

50.3.5 Mois
freezing shou~
of the equipment
accomplished by II

Unsheltered
each cycle so thz
trolled envirotmw
during actual opt

Range

1

2

3

4

Enviromnental
Condition

Exposed-unsheltered

Exposed-unsheltered
(ship)

Sheltered non-controlled
enviromnent (shore)

Sheltered controlled
enviromnent (ship or
shore)

Ope;r#ing
L

-5& to+65

-28 tO +65

-40 to +50

o to 50

Nono~erating
c

-62 to *71

-62 to +71’

-62 to+71

-62 to+71

le shall be similar to FIGURE B-2 unless otherwise specified in the contractor
ltions.‘In developing the temperature cycling requir&ents, the particular
LSand frequencies of changes, and equipment ON-OFF and duty cycles shall be’
:equipment specification. These particulars shall also be described in the
procedure.

Ire. Moisture levels sufficient to cause visible condensation, frosting, and
~ecified when such conditions.can be expected in the field service enviromnent
Idertest. Humidity need not be held constant during the test cycle and may be
sture injection at appropriate times in the test cycle.

~ipboa”rdequipnientshall be subjected to high humidity (precipitation) during
visible condensation or frosting takes place. Sheltered equipment in a con-
: shall be subject to condensation of moisture”only if such conditions can occur
h.ionalor standby conditions.
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9

50.4 Combined environments for jet aircraft equipment.

50.4.1 6efteral. For the purpose of this test, a generalized test cycle shall be used.
Ouring this c-e thermal, vibration, humidity and input voltage imposed on the test item
shall be simultaneously varied. One complete test cycle is shown in FIGURE B-3. This cycle con-
sists of two missions. -One mission starts fran a cold environment and proceeds to a hot environ-
ment. The second starts in a hot enviromn?nt and returns to a cold ertviroment. The specific
test conditions for each Phase A through J wtll be determined by the type of aircraft into which
the equipmnt is to be installed; its location within the aircraft; the aircraft mission profiles;
the equipment class designation (in accordance with I$IL-E-5400);type of cooling for canpartm?nt
in which the muipment is located (air conditioned or ram air cooled); and type of equipment
cooling (ambient or supplemental air).

50.4.2 Mission profiles. An individual aircraft type is designed to operate within a speci-
fic flight envelope and to fly specifically determined mission profiles. For production aircraft
and for aircraft under prototype development, these design flight envelopes and designated mission
profiles should be utilized when formulating the environmental profiles for test. Mhen design
flight envelopes and specifically designated flight mission profiles are not available, the gen-
eralized mission profiles listed in TA8LES B-II, 8-111, and B-IV of this appendix shall be used
as a basis for development of enviromuental profiles for test. A typical fighter aircraft mission
ti~ of one hour and forty minutes shall be used when more specific information is lacking. Six
and one half hours shall be used for a typical transport or cargo aircraft mission. Idithmission
profile infomtion available, the following paragraphs shall be used to establish envirorsnental
conditions for test.

50.4.3 Enviromnental test cycle formulation. The test environments arecanprised of com-
bined thermal, vibration, hunidity with input voltage cycling stresses. The”test levels to be
used for each of these environments shall vary according to the aircraft mission profile estab-
lished for test. Aircraft mission profiles shall be analyzed by individual flight phases such as
take-off, cliti, mission objective (cruise, combat, acceleration) descent and landing. In addi-
tion to these flight phases, the ground park and ground operation phases shall be analyzed for
envirorsnentalconditions.

50.4.3.1 Electrical stress. Input voltage shall be maintained at 110 percent of nominal for
the first test cycle, at the naninal value for the second test cycle, and at 90 percent for the
third test cycle. This cycling procedure is tobe repeated continuously throughout the test.
However, this sequence may be interrupted for repetition of input voltage conditions related to a
suspected failure.

The equipment tobe turned O?iandOFF at least twfce before continuous power is applied to
determine start up ability at the extremes of the thermal cycle.

50.4.3.2 Vibration stress. Randan vibration shall be applied to the equipment item desig-
nated for jet aircraft installation in accordance with 50.4.3.2.1. The randan vibration test level
foreach phaseof the test cycle shall be determined using FIGURE B+ and TABLE B-V. (F16URE B-5
shows the relationship between Mach munbers, altitude, and q). men an equipment iS to be in-
stalled in amre than one location in the aircraft or used in more than one aircraft, the highest
randan vibration level computed for each test phase shall be used.

50.4.3.2.1 Perfomance test. The individual equtpment test {tei’noritems shall be subjected
to randtsnvibration excitation in one axis. The power spectral density tolerances of applied vi-
bration shall be according to the randanvibration test paragraph of tfIL-STO-810,Nethod 514.2.

The test item shall reattached to the vibration exclteraccordlng to ttw?amuntlng techniques
paragraph of MIL-STO-810, &thod 514.2. Equtpm?nt hard+rminted fn setice Is to be hard-uounti
tsIthe test fixtu~. Equipment soft-asmnted fn serv$ce shall use sewlce isolators when mounted
on the test fixture. If service Isolato= cannot bemab available during the qualification test,
isolators shall be prwldedwlth characteristics such that the isolator/equfpment resonant
fnquencfes shall be bef#mn 20Hz and 45 Hzwlth resonant aupllcatlon ratio between 3and 5. The
acceleration pmrer spectral density (g2/Hz) of applfed vlbratlon, as measured on the test
ffxtum atmountfng Poins of the test Item, shall be according to TABLE 8-V and FIGURE 8-4. The
duratton of each phase of the tests shall be determined frun the mission analysis.
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TYPICAL MISSION PROFILES
I
, TABLE 8-11. Air super:

I

Flight Mode,

Ground Runup (no AB)
(with AB)

1.
Takeoff

climb (to40 ~ooo ft)

Cruise (500}t)
(20,000 ft)
(40,000 ft)

Acceleration , “

Combat (500ft)
(5000Ift)
(10,000-40,000 ft)
(50,000 ft)

Descent

Loiter

Landing ~

*See FIGURE B-3.
I

I

Test
Phase*

A,F

B,G

B,G

C,H

C,H

C,H

0,1

D,I

0,1

Percent
Time.,,,

4’
1

5

8

6

4:

4

1
2
3

8

8

5

I TA8LE B-III. lnterdi

Flight ~ode

Ground Runup (no AB)
(with AB)

Takeoff !

Climb (to35iOOOft)

Cruise (500ft)

Acceleration~

Combat [500ft)
(10,000-35,000 ft)
(50,000 ft)

Descent \

Loiter

Landing

Test
Phase*

A,F

B,G

B,G

C,H

C,H

C,H

0,1

D,I

D,I

Percent
Time

4
1

4

5

27
32

3

2

;

6

7

4

rity fighter.

Altitude

,(1000ft)

o ~o 0.5

0.5 to 1

to 40

.5
20
40

40 to.5(1

.5
5

10 to 40
50

40 to 3

3

3 too.5

ion fighter.

Altitude

(1000 ft)

0.5
0.5

0.5 to 1

to 35

i:

35to 50

.5
10 to 35

50

40 to 3

3

3 to 0.5

Mach Number

o

0 too.4

0.6

0.8
0.9
0.9

1.7

‘: 0.85
0.9
2.0
2.5

0.8

0.4

Mach Number

o
0

too.4

.6

0.8
0.9

1.7

0.85
2.0
2.5

0.8

0.4

(p:f),

,.

245

900”
550
225

620

900
1000
1800
1180

445

200

(p:f)

245

900
280

620

900
1800
1180

445

200

*See FIGURE B-3. I
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Flight Wde

6round Runup

Takeoff/clinb

Cruise High Altitude36K
Redium Altitude 22K
Low Altitude lK

Descent/land

XIIAID-781C
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TABLE 8-IV.

JQu!
lest-
Phase

A,F

BOG

C,H

0,1

:ransport,

Time
Percent

5

5

70

1:

!i

argo aircr

Airspeed
Knots*

.

TO 260

240
250
350

140

t.
-

(P:f)

200

210
225
400

100

● Knots Equivalent Airspeed
●* See F16URE 8-1
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FIGURE 8-4. Jet a~rcraft-randan v$bration test envelope.
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I TABLE B-V. Jet aircraft - random vibration test.
I

aerodynamic Induced,Vibration

‘o = K(q)2 q = Oynamic Pressure (whenq z 1200 psf use 1200) (See 50.4.3.2.2a)

#l=Wo-3dB

(FIGuRE B-2 for Spectrum Shape)

~ Equipment location

,67 X 10-8 Equipment attached to structure adjacent to external surfaces that are
snmoth, free from discontinuities.

,34 x 1’0-8
I

Cockpit equipment and equipment fn compartments and on shelves adjacent
to external surfaces that are smooth, free from discontinuities.

1.5 x 10-8 Equipment attached to structure adjacent to or i~diatley aft of sur-
faces having discontinuities (that is, cavities, chins, blade antennas,
and so forth)

1.75 x 10-8 Equipment in compartments adjacent to or insnediatelyaft of surfaces
havin discontinuities (that is, cavittes, chins, speed brakes, and so
forth?

I
SPECIAL CASE CONDITIONS

FighterBomber

Cond~tion equipment location ~

I
Take off/attached to or in compartments adjacent to structure directly .7

exposed to engine exhaust Aft of engine exhaust plane (1 minute)
Cruise/(same as above) ,175
Take off/in engtnecompartnntor adjacent to engine ”Forwardof engine .1

exhaust planel(l minute)
Cruise/(same as above) .025
Take off, landing,,maneuvers/wingand fin tips* decel,leration(speed .1

brake) (1 minute)
High q (z 1000 psf)l/wing& fin’tips* .02
Cruise/wing & fi,ntips* .01
Take off/all other ]locations(1 minute) .002

Cargo/Transport

Condftton/equipment location &

Take ofif/fusela~e~unted .01
Take off/internal I .005
Take off/wing-Aft qf engine exhaust** .05
All/wing tip and fin tip*** .01

* Usewing and tin tip spectrum - FIGURE B-4
** Excludes Uppey Surface Blown (USB) and Externally Blown Flap (EBF)
*** Take off, landing, plus 10 percent of cruise time

48 “.
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PRESSURE ALTITUDE 1000 FT

.

FIGURE B-5. Dynamic pressure (q) as function of math number and altitude.
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50.4.3.2.2 ~General notes.

a.

b.

c.

d.
e.

f.

9.

I
D~etenninationof mission profile vibration levels.
ohase of the Drofile will be determined from TA8LE

The vibration level for each
B- V. A maximum of four W.*S

will bedete~inedby: (1) takeoff; (2) q ; (3) q . ; and(4) q Uher~ q
ih the maximum aerodynamic pressure encount~~~d durinU1?he mission,ai~~ally at l~~x
altitude, high speed dash: q .n is the aerodynanrjcpressure associated with the
flight phase that will genera~~ a W. above .001 g /Hz, normally a cruise condition.
The fourth vibration level shall be determined by combining the vibration levels
c~lculated for each of the other phases (climb, dive, combat, and so forth) having
levels above the minimum (seec. below ). An average q shallbe used for each
flight phase, that is, for a phase such as dive, the arithmetical average of theq
at the start of the dive plus that at the termination of the dive shall be utilized

‘lqstart+qterm)/2 ‘qavg “
AUO shall be calculated for each phase and flight

phases with W ‘s above the minimum shall be time weighted averaged to determine the
fourth vibratfon level
Cargo aircraft. Unless unusual mission profiles are determined, take off and
c~ise profiles (vibration levels) will be the only required vibration levels

Minimum W. test level. Theminimum U test level shall be .001 g2/Hz. If the cal-
‘2culated test level is less than .001 g /Hz, vibration test is not required during

this portion of mission profile
Option. Maxinum W determined may be used throughout test
Gunfire enviromnen!. Not considered in this test. Should be considered in envi-
ronmental qualification test, if applicable (MIL-STO-81O)
C~posite vibration profile. Turboprop and jet aircraft usage; when equipments are
to be installed in both turboprop and jet aircraft, a composite randan spectrum
shall be generated (see FIGuRE B-6 for example, canposite spectrum)
Wing and fin tip, fuselage equipments. When equipment is tobe installed in both
locations, a canposite vibration profile shall’be utilized where appropriate

50.4.3.3 Thermal stresses. The thermal stresses for supplementary cooled equipments shall ●
be determined for each test phase in accordance with 50.4.3.3.1. All other equipments will use
50.4.3.3.2. Thelduration of test cycle Phases E and J shall be long enough to reach stabilization
of temperature in accordance with the stabilization of test equipment paragraph of MIL-STD-81O.

50.4.3.3.1 ~suPP lementally cooled equipments. The flowrate, temperature, and devpoint tem-
perature of the Supplemental air shall be In accordance with the equipment specification values
during all phases, except Phases E and J. During test Phases E and J the supplemental airflow
shall.be’zero. ~he thermal environment external to the test item shall be in accordance with ‘.
50.4.3.3.2. Ourlng chanber air heat up, the mass flow of supplemental air shall bemininum speci-
fied and held until “chamberair cool down. Ouringchamber air cool down, the mass flowof
supplemental air shall be maximum specified and held until chamber air heat up.

50.4.3.3.2 ~ther equipments. The thermal.stresses ’tobe used in each test’phase shall be fn
accordance with fiGURE B 3 U B-VI, and applicable known mission proffle (use TABLES B-II, ~
B-III, orB-IV iflamfss~o~proffle fs not available). An example of construction ofa thetinal
stress.praffle fs presented fn Section 50.4.4.

50.4.3.4 Hu~idf stress
~

Humfdf~ should be speciffed to sfmulate the warm, moist atmos-
pherfc,conditionslespec a ly prevalent in tropic climates. Moisture can be fnduced dfrectly fnta
equl@entdurfng ~lfght fn a humid atmosphere. Installed equipment fs also subjectta condensa-
tfol ‘aezlng and frostfng as a result of-climatic temperature-humidity conditions.

@.4.3.4.l Supplementally cooled equipment. The chamber airhumfdfty shall be fn
accordance with 5‘J.4.3.3.2. The supplemental coolfng afrmay be dried so that fts dew pofnt

3aC.~~~C below the lower of the supplemental afror chamber air temperatures..,
,.,,
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FIWRE 8-6. Example turboprop and jet aircraft composite test spectra for equfpment mounted
Wtth}n the fuselage.
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I
50.4.3.4.2 Chamber air humidity. Humidity shall be injected into the test chamber from a

stean source or other humldlty source and controlled by a dewpoint controller or other humidity
measuring instrumentation. A humidity dewpoint temperature of 31°C or greater shall be attained
during the initial portion of Phase E of FIGURE B-1 of this appendix. The 31°C or greater dew-
point shall be mai~tained and controlled until the end of Phase F. No further injection of
moisture is required for the other profile phases and hurnidjtyshall be,uncontrolled. The humi-
~~~yFshall be maintained and controlled at 31°C or greater for each subsequent test cycle, Phase E

. Drying of~hamber air shall not be accctnplishedat any time during a test cycle,
.,

50.4.4 Examp~leconstruction of environmental profile. This example illustrates the use of
aforementioned information In the construction of a mission test cycle profile for an assumed
aircraft and equipment. The example information is as follows. ,

Equipment Class 2 in accord,ancewith MIL-E-5400
- “:: Equipment installed in air-conditioned compartment

c. Equipment is ambient cooled (no supplemental cooling)
,’

d. Equipment is attached to structure adjacent to external surfaces that are smooth,
free from discontinuities

e. Mission diagram in accordance with FIGURE B.-7. Aircraft climbs to 30,000 feet in
seven minutes and is vectored to target in 23 minutes at Mach 1.0, and then makes
ah igh performance dive in two minutes to intercept at 10,000 feet. After the
int~rcept, aircraft flies at’high performance speed at 10,000 feet for five min-
utels,then climbs to 40;000 feet in 13 minutes, and cruises toibase in 35 minutes
at,pach 0.6. Idle descent landing time is 15 minutes.

The steps for determining the temperature for each phase are shown.in TABLE B-XII. The resulting
profile,is shown in FIGURE B-8. The temperature rate of change for each temperature step is
equal to the difference in temperatures at the end and ’startof each step divided by the time
to achi’evethat stlep(time to cli’mb,dive, idle descent). The temperature rates of change for
each phase of thi~lmission exam~le.is shown in TABLE B-XIII.

The vibration conditions calculated for each flight.phase are shown in TABLE B-XIV . TABLE B-XV
shows the final vibration test conditions.

Humidity should be raised to 31°C dewpoint or greater at the beginning of Phase E. The 31”C
or greater dehpointtmeasurement should be maintained until the completion of Phase F, Ground
Operation Hot Day.1 For the remaining phases of the test profile, the humidity willbe uncon-
trolled with no additional moisture injected. For repeated profile,cycles, the dewpoint shall be
checked as above for Phase E. and F.

Electrical stress shall be in accordance with 50.4.3.1.

50.5 Combined envirorsnentsfor turboprop aircraft and helicopter equipment.
I

50.5.1 Geneial. The enviromnental test levels described herein are analogous to those
occurring In ~t with.turbopropeller engines and in helicopters and are applicable to equip-

“1ment mounted within the fuselage. The indicated stress values presented in the folloking para-
graphs shall be us~edonly if actual stress levels are not specified in contractual documents and
mission profiles are not provided. Gunfire induced vibration should be considered when the equip-

~

ment is mounted in an attack helicopter, and MIL-STD-81O, Method 519.2 should be consulted,

~052 E,ecJrica15tre5s
. . Input voltage-shall be maintained at 110 percent of nominal for

the ftrst thermal cycle, at th”e naninal value for the second thermal cycle, and at 90 percent for
the third thermal cycle. This cycling procedure isto be’repeated continuously throughout the
reliability ‘developmenttest. “However, this sequence may be interrupted for repetition of input
voltage conditions related to a suspected failure.

The equipment to de turned ON and OFF at least twice before continuous power is applied to deter-
mine start up ability at the extremes of the thermal cycle.
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TABLE B-VI. Thermal stress profile base.

‘base

A“

8

c

o

E

F

6

Ii

1

93

Test phase definition

Ground Operation Cold Day

Take-Off Cllti to Altitude

Msslon Objective

Idle Let Down&Landing

Ground Ron+erationliot DaY

Ground Operation Hot Oay

Take-Off &Ctl@ to Altltude

Mission ObJective

Oescent& Landing

6round Non-@eratton Cold Day

Duration

30mlnutes

1

1

1

3

30 minutes

1

1

1

3

Chamber limits

~
TABLE 8-VII TABLE 8-VII TABLE 8-X3

TAELE B-VII TABLE B-VII TABLE 8-XI

TA8LE B-VIII TABLE B-Vti TABLE B- X

71*C 71°C 71°C

71*C 71°C 71°C

TABLE B-VIII TABLE B-VIX TABLE B- X

TABLE B-VIII TABLE B-VIX TABLE B- X

TABLE B-VII TABLE B-VII TABLE B-X3

-54*C
I

-54*C
I

-S4°C
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2b ““”
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.

iA8LE B-IXJ
I

Hot,day,,,,@l@tit,ttif16r8ture1“

%!is!iE

,-. ,,

Mach ~

,.,
..

$0 ;6

j,for,CJask,I1.equipdent in,air-conditloned,comartments.

:

,,,.
,.

0.8 1.0

,71
68 L!

.% “:;
10” 66
to ‘ 35
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..,, .
.,.

.,
..’

High
Performance
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95

,%
80
~lj
69
49

,,, 35

,,,.

AmMeqtcooled eqtiipkWW&$t be,turned,:~~ff6r ’15minutes after 30mtnutes of operation at
these Wmperatuies tocbiaplyio the Intennlttent Operation of MIL-E:5400.
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TA8LE B-X. Hot day -fent tem$eratures (*c) for eqtJlpment in RAw cooled comgartments.

math
number

Altitude
(K feet) 0.4

48
27

-1:
-36
-30
-31
-30

0.6 0.8 1.0
4

g 75 gs*
S2
y ::

-’:
-30 -16 -2;
-19 8
-23 :1: 4
722 -lo s

● =Ient cooled Class 2 equipunt must be turned off for 15 mfnutas ●ft6r 30 ●inutes of opera-
tion at this temperature tocmplyw~th the Interm~ttent Operation rqufraent of NIL-E-5400.

TMLE B-XI. Cold day;fent temperatures (°C) for equfpfaentfn RAM cooled c- artnents.
*

Mach
~er

Altltude
(K feet) 0.4 0.6 0.8 1.0

? (
01 -37 -15 -11

:: -10
x -36 -28 -1: J:

-S8 -s0 -40
% -59 -s1 -41 -18

-82 -76 -67 -ss
% -82 -7s -66 -s4
70 -ss -58 -4% -3s

&
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I .TABLEB-,XEI.. Environmental profile data example..,

base Source Test Phase Definition Temperature Duration

A (Gi’ven) Ground Operation Cold Day -54°C (TABLE B-VII) 30min (TABLE B-VI)

B Mission Profile Clinbto Altitude-Cold Day -50”C (TABLE B-VII) 7 minutes

![’

30,000 feet

Mission Profile Cruise 30,000 feet -50”C (TABLE B-VII) 23 minutes

c ; Mission Profile High Performance Dive to -26eC (TABLE:B-VII) 2 minutes

v 10,9000feet
w-J Miss~on Profile High Perfo?inance Mach 1.0. -26°C (TABLE B-VII) 5 minutes

c 10,000 feet
0 MissionProfile’ Cli@ to 40,000 feet -50”C (TABLE B-VII) 13 minutes ‘
w@

Mission Profile Cruise to Base -50°C (TABLE B-VII) 35 minutes

D Mission Profile Idle Descent to Hot Day 71°C (TABLE B-IX) 15 minutes

E (Given) Ground Non-Operation Hot Day 71°C (TABLE B-VI) *
,,

F (Given) Ground Operation Hot Day 71”C (TABLE B-VI) 30min (TABLE B-VI)

G t4ission Profile Clinb to Altitude-Hot Day 56°C (TABLE B-IX) 7 minutes

‘ ;[ : ~~

30,000 feet

f4is5ionProfile Cruise 30,000 feet ‘ ‘ 56°C (TABLE B-IX) 23 minutes
,.

H Mission Profile High Performance Dive to 93°C (TABLE B-IX) 2 minutes
w> 10,000 feet,

*
u Mission Profile High Performance, Mach 1.0, 93°C (TABLE B-IX) 5 minutes
% 10,000 feet
o
c Mission Profileo, Clinb to 40,000 feet Mach 5°C (TABLE B-IX) 13 minutes

w No. = 0.6
*
z Mission Profile Cruise to Base, Mach No. 0.6 5°C (TABLE B-IX) 35 minutes

I Hi.ssionProfile Idle Descent to Cold DaY -548C (TABLE B-VII) 15 minutes

J (Given) Ground Non-Operational -549c (TABLE B-VI ) *

a

●

.
* Duration dete~ined in accordance with 50.4.3.3.
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TABLE B-XIII. Example temperature chanqe rates.

Missfon
phase Calculation ‘C/minlmua

B
-48 + 54 O.P

7

-26 +@
1st C step — 11.

2

-~ + 26
2nd C step — -1.8*

13

D
71 +50

8.1
15

6 56-71 -2.1*
7

93-561st H step — 18.5
2

5-932nd H step — -6.8
13

I -s4 -5 - 3.9;

t 15

a ● These absolute values are less than S*C/minute, hence S*C/minute shwld be used per Note 2 of
TABLE B-VI.
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I

1’
.-,

I

TABLEB’-XIV. ‘Validation’sfor vibration test levels.

., Altitude Mach. #o Ouration
Test ptiase (feet) number (g /Hz) (minutes)

A Ground Operation o 0 0 30

B Take Off o 0 .002 1

B Clip i-30 K .6 .0006* ‘6

C Cruise 30 K 1.0 .0012 23
I

C Dive 30-10 K 1.0 .0035** “2

C Intercept 10 K 1.0’ .0067 5

C Cli~ 10-40 K 1.0-.6 .002** ‘13

C Cruise 40 K .6 .00006* 35

D Oescent 40-0 K .0004* 15

..,,

* In accordance with 50.4.3.2.2c value below minimum therefore no vibration is required.
** Mix vibration levels = (.0035) (2) + (.002) 13 determined by time weighting vibration levels

for major f~ight phases.

I

.,.
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● Hix vibration level.

TABLE B-XV, ~

Test Phase

A, F

8, 6

B, G

C, H

C, H

C, H

C, H

D, I

E

Vib~ation Level
(9 /w)

o

.002

0

.0012

.0067

.002F

o

0

0

- . - .---- . -.

Ouratlon
(minutes)

30

1

0

23

5

15

35

15

-.

MIL-STD-781C
APPENDIxB
21 Octobor 1977
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50.5.3 “Vibration.
*

For equipment installed in turbopropeller aircraft, the sine-sweep vibra-
tion envelope in FIGI.REB-6 shall be used. The vibration shall be applied during the thermal
cycle of FIGURE BL8 at the indicated levels for 12.5 minutes at,the start of Phases B and G, and
for 12.5 minutes at the start of:the mission objective maneuvers during Phases C and H. If the
mission profile has no maneuvers, the full vibration level shall be applied for 12.5 minutes mid-
way during Phases C and H. For the remaining portion of the test period, the vibration level shall
be reduced to 50 ~ercentof the FIGURE B-6 levels. The frequency sweep rate shall be such as to
complete one complete cycle (low.frequency to high frequencyt,o low frequency) in 12.5 minutes.

I
For egu.iprnent,ins~alled in helicopters without vibration isolators, the applied vibration
shall be swept sinusoidal 5 Hz,-,2000 Hz -,5 Hz at an acceleration level of t2 g (peak) up to

.

33 Hz, then at f51g up to 2000Hz/ For equipment that is to be installed on vibration isolated”
panels or rackswhen the panel or rack is not available for test or equipment is tested with
isolators removed~ the vibration shall be at *2 g, over the frequency range of 5 to 500 Hz. Dis-
placement (in incties- double amplitude) ranges from O.2..inch(5.080 mm) at 5 Hz toOi036 inches

~.

~i~li~~~oat 33 HZ andcontjnuing to decrease as frequency increasesper FIGURE 514.2-3 of
---

For equipment installed in Arqy helicopters the following vibration shall be applied: Vibrate
at 0.05 inch (1.27 mn) double amplitude (DA~ from 5 to 24.5 Hz, 1.5 g peak from 24.5 to 500 Hz.
The vibration shall be,applied continuously from 5 to 500 to,5 Hz. The sweep rate shall be
logarithmic and stall take 15 minutes to go from 5 to 500 to 5 Hz. This shall be applied once for
every hour of equipment operation.

50.5.4 The~al stress. The general thermal test profile to be used is shown in FIGURE”B-8.
This.profile sim~ates both a cold day and hot day mission, andtogether form one cycle. The
thermal,cycle is continuously repeated until the end of the.test. Prior to the start of the..
first thermal cyc~e, or after storage at room ambient, the equipment shall be allowed ’tocold soak
for 1 1/2 hours at the low temperature of the start of the nextthermal cycle. The temperature
extremes and proc~dure for constructing a thermal profile shall in general be the same as,used in
RG-503 for jet aircraft,,but limited to the mission requirements as flown by turbocraft and heli-
copters

,,’{.-” ●
50.5.5 Hurnidity stress. Humidity should be specified to simulate the warm, moist atmos-

pheric conditions especially prevalent in tropic climates, Moisture can be induced directly into
equipment during ~light in a“humid atmosphere. Installed equipment is also subject to condensa-
ti~n, freezing and frosting as’a result of climatic temperature-humidity conditions. ,

50.5.5.1 Supplementally cooled equipment The chamber air humidity shall be in accordance
with 50.4.3.4.2. lThe supplemental cooling air may be dried so that its dewpoint is 3°C tlOO below
the lower of the ~upplemental air or chamber air t~peratures.

50.5.5.2 Chlamberair humidity. Humidity shall be injected into the test chamber from a ‘
ste,ansource or other humldlty source and controlled by a,dewpojnt controller or other humidity
measuring instrumentation. The humidity shall be introduced into the chamber in Phase D and”
shall be increase~ as the chamber air temperature increases, keeping the dewpoint less than the
chamber air temperature. The dewpoint temperature shall be raised to 31°C or greater and main-
tained and controlled through Phases E and F of FIGURE B-3 of this appendix. At the end of
Phase F, no furth~erinjection of moisture is required for the other profile phases and humidity
shall be uncontrolled. This humidity procedure shall be repeated for each test cycle, phase D, E,
and F. Drying of chamber air shall not be accomplished at any time during a test cycle.

‘.,”. I ‘“
50.6 Combined environments.for air-launched weapons andassembled external stores.

50.6.1 Gen~ral. Enviromnental criteria and guidelines for air-launched weapons and equip-
ment mounted~ are presented in detail in MIL-STD-1670 and will not be repeated here. Using
that information, test conditions and levels can be readily derived, given the equipment mission
application. Much of the information given and the techniques used are also applicable to external
stores carried on aircraft. Additional data on vibration for external stores carried on airplanes
and on helicopte~s are presented in MIL-STD-81O, Method 514, TABLES 514-IV and 514-IVA.
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APPENDIX C

STATISTICAL TEST PLANS

-10. GENERAL

10.1 SCo e.
+

This appendix covers the statistical test plans and the selection and use ofs these plans. perational characteristic curves arcgiven for ProbabilityRatio Sequential Test
(PRST),”fixed length and All Equipments test. Also expected test time curves are presented for
the PRST plans.

. 10.2 Purpose. The purpose of this appendix is to provide information and guidance in the
selettion and application of the statistical test plans provided for reliability qualification
and acceptance testing.

20. SELECTION OF TEST PLAN

20.1 Probability ratio sequential test plans (PRST Standard PRST plans should be used
producer and consumer risks are de-

sired. Short-run h%h ;i~~~~ST ~;~ may be”used when a sequential test plan is desired, but
circumstances require the use of a short test and both the producer and the consumer are willing
to accept relatively high decision risks. PRST plans will accept material with a high HT8F or
reject material with a very low $iT8Fmore quickly than fixed length test plans having similar
risks and discrimination ratios. However, they provide no estimate of true MTBF, and total test
tim may vary significantly. Therefore, program cost and schedule aust be planned to t~atfon.

20.2 Fixed length test plans. The fixed length test plans must be used when the exact

e

length and costs of test must be Known beforehand and when it is necessary to obtain an estimate
of the tme MT8F demonstrated by the test as well as an acce@/r~ect d~ision. ~s!.oxthe
fixed length tests are based on the same values of a and B and ticrsndnatloo ratioa u the PBSTp2&uo.”

20.3 All equipment production reliability acc~tance test. The all equipment reliability
acceptance ~est ts used when it IS desired to have each equipment subjected to a reliability
accwtance test.

20.4 Considerations in selecting a test plan.

20.4.1 6eneral. In the selection of a test plan (or test plans) for a specific procurement,
it is recammmat the user of this docunent consider:

a.
b.
c.
d.
e.
f.
9.
h.
i.

Tactical inportanceof the equipment
The maturity of the equipment and its planned life
Funding of the program
Delivery schedule and available test time
Availability of test facilities
Decision risks desired “(see 30.3)
Effect of design ratio on value of 6
Predicted or demonstrated MT8F of sifiilarequipment
Performanceof cost-tire trade-off studies men considering the qse of fixed length
test plans (by comparing the operating characteristic curves and expected ti~s
for test comp~etion)
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30. CHARA~TERISTICSOF THE STATISTICAL TEST PLANS

#OJ~ Summar
4“

TABLE C-I summarizes the test plans and indicates the expected duration of
tlte’testprovl e the true equipment MTBF equals the design MTBF (O.) for the PRST plans.

*

**

I

I

Test planl

IC
I

IIC
IIIC
Ivc
Vc
VIC
VIIC
VIIIC

FIXED LENG

IXC
xc
XIC
XIIC
XIIIC
XIVC
Xvc
XVIC
XVIIC

H

XIXC ~
Xxc
XXIC

Nominal
Decision
risks,

1o%
20%
10%
20%
10%
20%
30%
30%

a B

10% 10%
10% 20%
20% 20%
1o% 10%
10% 20%
20% 20%
10% 10%
10% 20%
20% 20%
30% 30%
30% 30%
30% 30%

TABLE C-I. Summary of test plans.

Discrimination
ratio

1.5

;::
2.0
3.0
3.0
1.5
2.0

1.5
1.5

;::
2.0
2.0
3.0
3.0
3.0

;:;
3.0

Time to accept
Decision in MTBF (Ql multiple)

Minimum -* Maximum

if true MTBF=Q
.0 (Truncation)

6.60 25.-95
4.19 11.4

49.5
21.9

4.40 10.2, 20.“6
2.80 4.8 9.74
3.75 6.0 10.35
2.67 3.42 4.50
3.15 ‘; .5.1’ ,; “.i..16.8.
1.72 2.6

.,. 4;5. >

45.0 **
29.9 **
21.1 **
18.8 **
12.4 **

**
;:: **
5.4 ‘ **
4.3 **
8.0 ●*

3.7 **
**

The orobablili’t.vthat the decision will be an acceot decision eauals (1-a). The Drobabilitv
that’the decis~on will be a reject decision equals (a). ‘ - - “

.

For fixed-tlengthtests, the expected time to a decision is actually sliqhtly less than the
value given for truncation due’to the possibility that the test will tefiinate in a reject
derision prior to truncation.

: If n equipments are placed on test, the elapsed test time is reduced approximatley by fac-
. ~of n but th‘etotal equipment test time remains as stated in the above table.

30.2 Basis of the test plans. The reliability test plans are based on two sets of.parame-
ters: decision risks and discrimfnation ratio; both are covered below. The accept/reject cri-
teria of Test PllansIC-VIIIc are based on Wald’s Probability Ratio Sequential Test (PRST); the
work of B. Eps~ein in Statistical Techniques in Life Testing, Technical,Report Number 3, pre-
pared under Contract Number 2163(OO)(NR-042-018) for the Office of Naval Research; and the work of
B. Epstein, A. A. Patterson and C. R. Quails given in the paper, The exact Analysis of Sequential
Life Tests with Particular Application to AGREE Plans, presented at the 1963 Aerospace Reliabili-
ty and Maintainability Conference. The accept/reject criteria of all the test plans are based on
the as:surn~~ion~thatthe underlying distribution of times between failure is exponential.
MIL-HDBK-408:’maybe consulted for details on other test plans.

,...e

.

.+”. .,

●

✌
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30.3 Dectston risks. Theconsumer’s decisfon risk,~, is the probability that the equip-
meritswith ~ equal to the lower test MTBF, 13, will be accepted by the test plan. The pro-
ducer’s decision risk,a, is the probability th$t equipments with MT8F equal to the upper test
H1’8F,0 , will be rejected by the test plan. In general, accept/reject crfteria with low deci-
sion riks will require testing for a greater number of equipment operating hours. tow decision
risks provide good protection against the test rejecting satisfactory equipment or accepting un-
satisfactory equtpment. For each @f the truncated sequential plans (PRST), the exact risks were
calculated. Shifts in the accept/reject lines and truncation points were made to bring the true

. risks closer to the desired (designated) risks and to make the two risks nmre nearly equal for
each plan. The decision risks of Test Plan XVIliCvary with the total test time (that is, trunca-
tion point) and have little s~gnificance as a reason for choosing this plan, However, it is inter-
esting to note that 6 approaches O percent, as total test time of Test Plan ’XVIIICis increased.

30.4 Discrimination ratio. The discrimination ratio, as used herein, is the ratio of the
upper test ?lTEF to the lower test ifTBF(Q ). The discrimination ratio is a measure of
the power of the t~st in reaching a decision q~ickly and is an essential parameter, together with
the decision risks, in defin{ng a sequential type accept/reject criteria. In general, the higher
the discrimination ratio, the shorter the test. The discrimination ratio (and corresponding.test
plan) must be chosen carefully to prevent the resulting 90 from becoming unattainable due to
desigriimitations.

30.5 Standard PRST accept-ra”ect criteria and operating characteristic OC curves.
FIGuRES C-1 hrough -G present graphically the accept-reject criteria for he standard PRST test
plans. Charts 1-8 present the OC and Expected Test Time (ETT) curves for each of Test Plans
IC through VIII C. TheOC curves plot values of true Q (i4TBF)versus the probability of accep-
tance. The ETT curves plot values of true 01 (MTBF) ve~sus expected test time (time to an
accept or reject decision of each 91).

30.6 All equipment production reliability ac nce test, Test plan XVl~. FIGURE C-9

a

presents the accept-reject criteria for Test Plan and Chart 9 shows the corresponding OC
curves.

30.7 Standard fixed-length test plans and OC curves. Test plans IXC toXXIC are summarized
in TABLES IV and V Section 4.0 and corresponding O
The Poisson formula”for the OC curve is listed below.

C curves are located in Charts 10 to 21.

Pa,e,=gqy!m(-:Y.
where

P(o = the probability of accepting items.with a mean life of8,
= the critical (reject) number of failures,

~“ = the test termination time.
o

The quantity r. is determined so that

P(Oo)~l -a,P(01)~6.

Elements of Reliability and #maintainability
Oepartcent of Oefense
Jo{nt Course

US Army Management Engineering Tra$ning Agency
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Numbgr
Fsilum

7

:
3
4
6

Decision Risks [Nominal} 10 parwnt
* 0iscriminati6n Ratio 1.5 : 1

n
40 . . 1/ (

30 ,
, ,.

/
REJECT ACCEPT

?0 / ,,

Expactad dacision point

/

10 20 30 40
~

80

TOTAL TEST-TIME (IN MULTtPLES OF LOWER T~ MTBF, 61)
“,,

.,.,

Total Test Time”

Accept
(Eq~%~l@ @qw.1 or -re) I

WA 6.80
WA 7.62
N/A 9.03
WA 10.26
WA 11.46
~A.

12.68
6 I ..88 13.91
7 1.69 16.12
8 3.11’ 16.34
9; ,4.32 17.5s

10 ‘6.64 16.77
11 6.75 19.s6
12 7.97 21.20
13 9.16. 22.41”
14 10.40 23.63
15 11.61 24.84
16’” 12.s3 28.08
17” 14.m 27.29
18 15.27
19 16.40 %
20. 17.70. 30.93

Number of
Failures

21
22

E
26
26
27
2s

:
31
32
33
34
36
36
37
3s
39
40

TotalTastTime”

(EqUfidOTIti) @qti&~p~re) I
18.92 32.15
20.13
21.36’”, :Z
22.68 35.79
23.78 37.01
24.99 28,~
28.71 S:&

40.67
22 41.S6

43.10
%% .44.31
32.30. 4&63
23.51 48.74

.34.73 47.q
3s.94 49.17
37.16 49.60
2s.37 49.60
39.59 48.60
40.82 “ 40.60
42.~ 49.s0

41 40.50 N/A

● Total~ timeistotalunithoursofequipmentontimeandisexpnssaadinmultiplesofttaalowerteat
M7’EF.lReferto 4.5.2.4 ~ minimum mat time par aquipmant.

FIGURE C-1. Accept-reject crite~ia for Test Plan IC.

.
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Number
Failure

o
1
2
3
4
6
6
7
8
9.

“ Total t
MTBF,

.

Decision Risks (Nominal) 20 percent
Okcriminatiors Ratio 1.5 : 1

20

15 ,,

REJECT

10 /

5
Expected decision point

5 10 15 20 \ 25 30,,

TOTAL TEST TIME IIN MULTIPLES OF LOWER TEST MTBF, 01)

Total last Tima” Total Test Time”

Reject Accept Number of Accept
(Equalor less) (Equal or more) Failures ~Eq.~7~~le~) (Equal or more)

N/A 4.19 10 “ 8.76 16.35
NIA 5.40 11 9.98’ 17.57
N/A 6.62 12 11.19 16.73

.24 7.83 13 12.41 19.99

1.46 9.05 14 13.62 21.21

2.67 10.26 15 14.84 21.90

3.90 11.49 16 16.05 21.90

5.12 12.71 17 17.28 21.90

6.33 13.92 16 18.50 21.90

7.55 15.14 19 21.90 N/A

timeis total unit hours of equipmant on time and is expressed in multiples of the lower test
iafar to 4,5.2:4 for minimum test time per equipment.

FIGURE C-2. Accept-reject criteria for Test Plan IIC.

.
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I Oeckiorr Risks (Nominal) 10 percent
Okcrimination Ratio 2.0:1

Is

10

5 .’ /

REJECT

/

:3

/

/

CONTINUE
TEST

A@EP~

3
Expected deasion point
for MTBF = 00 “

‘ 5.0 10 .15 20 .

TOTAL TEST TIME ON MULTIPLES OF LOWER TEST hBF, el)

Total iTast lime’

Numtrar W, Rejact; Accept

Failures (Equal or less) (Equal or ~re)

Oi N/A 4.40
1 tWA 5.79
2 N/A 7.18
3 .70 &56
4 2.08 9.94
5 3.48 11.34
;’ 4.s8 12.72

6.24 14.10-

6 7.63 16.49

Total Test Time*

Number of Rejact Accept
Failures \JEqual or leas) (Equal. or inore)

‘9 ‘ I 9.02 16.88
10 10.40 16.26
11 11.79 .“19.65

12 13.16 20.60
13 ‘ 14.a8 20.80
14 15.94 .,’20.60

15 17.34 20.60

16 2g.60 NIA

—,

‘*
Totkl teat time is total unit hours of equipment on time and is expressed in multiples of tha lower teat
MTB F. Refer to 4.5.2.4 for minimum test time per equipment.

.-

~ FIGURE C-3. Accept-reject.criteriafor Test Plan IIIC.
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CHART3-T ESTPLAN IIIC

—.
4 tax R7Wurasco u nmns w 000., 6.0 c;

71

Downloaded from http://www.everyspec.com



MIL-STD-781C

I

I

I

1’

APPENDIX c
21 October 1977

Decision Risks (Nominal) 20 percent

Dkcrirninaticm Ratio 2.0: 1
8

7

REJECT

6

5

TEST
4 -

/

3

ACCEf‘7-

2 /

Expected decision point

1

,!

2’ 4 6 6 10

TOTAL TEST TIME (IN MULTIPLES OF LOWER TE=. MTllF, Ol)

Total Test Time*

Number of Reiart Accept
Failures (Equal or less) (Equal or nqre)

o tWA
1

2.80
t41A 4.16 ‘

2 .70
3

5.58
2.08

4
6.96

3.46 8.34
5 4.86 9.74
6 6.24
7

9.74
7.62

8
9.74

9.74 NIA

* Total test time is total unit hours of equipment on time and is expressed in
multiples of the lower teat MTBF. Refer to 4.5.2.4 for minimum test tinie
par equipment.

I
FIGURE C-4. Accept-reject criteria for Test Plan IVC.
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CIMRT 4 - TEST PUN lVC

.

1.0l!o 0,
1.0 ).0 e

w tow UmsSto x nn7ims or e9. e, 6.0 Q:

.
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1!

~ Decision Risks (Nominal) 10 psrcent

I Dkcriminaticer Ratio 3.0: 1

7-

6

REJECT

,,.

4
,,

3

Aicln ‘“
2

3 6“ 9 ‘ 12

“. TOTAL TEST TIME (IN MULTIPLES OF LOWER TEST MTBF, it+)

Total Test Time*

Number of Reject Accept
Failures (Equal or ‘lets) , (Equal or snore)”’

,0 NIA
1

3.75
NIA.

2
5.40

,, .57
3

7.05
222

4
8.7 :

3.67 ‘
5.

10.35
5.52

6
1035

7.17
7

10.35 ,“
10.35 NIA

,. ‘—

“ Tot&ltesttimeis total unit hours of equiprriant on time and is expressed in
multiples of the lower test MTBF. Refer to 4.5.2.4 for minimum teat tiine
per equipment.

FIGURE c-5.

.

Accept reject cr’iteriafor Test Plan VC.’
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Lo 0. rnmwwa$snta~ q ,$ *.O*;

.

M *.* 8.* ?0L D* -awmwsm u MMlnm a 0,.0, 0.00,
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~sion Risks (FJominal) 20 percent

Discrimination Ratio 3.0: 1

3

2

1

0

REJECT

/

,

, CONTINUE
TEST

ACCEPT

Expected decision point
for MTBF = O.

I

o~ .75 1.50 2.25 3.00 3.75 4.50 5.25

I TOTAL TEST TIME (IN MULTIPLES OF LOWER TEST MTBF, f?, )
I

Total Test Time*

Number of Reject Accept
Failures (Equal or less) (Equal or more)

o N/A 2.67
1 N/A 4.32
2 .36 4.50
3 4.50 NIA

● Total test time is total unit hours of equipment on time and is expressed in
multiples of the lower test MTBF. Refer to 4.5.2.4 for minimum test time
per equipment.

FIGURE C-6. Accept-reject criteria for Test Plan VIC.
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I
,,

Chrciai-onRisks (Nominal) 30 percent

Discrimination Ratio 1.5: 1

6

5

REJECT. ‘

Expected decisiom point
for MTB~ ‘Oo

1

,’

a 2 3 4 5 6 7r
,.

TOTAL TEST TIME (IN MULTIPLES OF LOWER TEST MTBF, ’611

Total Test ~me”

Number of Reject Accept
Failures (Equal or Ieas) (~qul or nmre)

o NIA
lb

3.15
NIA

2
4.37

NIA
3

5.56
1.22

4
6.60 ,

~ 2.43
5

6.60
3.65

6“
6B0

;, 6.60 NIA
.-

● Total teat time is total unit hours of equipment on time and is expressed in
multiples of tha lower test MTBF. Refer to 4.5.2.4 for minimum test time
per equipment.

.. ... . ..

9
,,

FIGURE C-7. Accept-reject criteria for Test Plan VIIC.
,, .,
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I

,:

I

i

I
I

Oecision Risks (Nominal) 30 psrcent

Discrimination Ratio 2.0:1

/4

3

REJECT ;

‘2 1

CONTINUE
TEST

ACCEPT

1
/

Expected deasion point
for MTBF = 00

/ I
1.0 “ 2.0 3.0 4.0 5

TOTAL TEST TIME (IN MULTIPLES OF

Total Test Time*

Number of Rejert
Failures (Equal or leas)

LOWER TEST MTBF, !91)

Accept
(Equal ornate)

o NJA
1

1.72
NIA

2
3.10

NIA 4.ao
3 4.s NIA

● Total test time is total unit hours of equipment on time and is expressed in
multiples of the lower test MTBF. Refer to 4.5.2.4 for minimum test time

per ~uipment.

FIGURE C-8. Accept-reject criteria for Test Plan VIIIC.

,

● ✌
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CltART8 - TEST PLAN VIIIC
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Number
Failure

o

:

:
6
6

“;

“Total teat I
Refer to 4<

f

15

REJECT

10

6

5.0

rEsT

15 20

,..

REJECT a

,/ LINE

BOUNOARY
,’ LINE

TEST TIME (IN MULTIPLES OF LOWER TEST MTBF, 81)

Total Teat Time” Total Test llme’

Reject Number of
(Eq~al cw les$) (Equdk%p&re)

Raject Accept
Failures (Equal or Ieae) (Equal or ~re)

N/A 4.40 9
NiA 5.79

9.02 18.8B
10

NIA
10.40

7.18
lB.26

11
.70

11.79
8.56

19.65
12

2.08
13.16

9.94
21.04

13
3.48

14.58
11.34

22.42
14

4.s6 *
ETc

12.72 15
ETC

6.24 14.10 16
7.83 15.49

w h total unit hours of equipment on tima and is expreesed in multiple of the lower tmt MTBF

$. I for minimum teat lime per equipment.

FIGURE C-9. Reject-Accept criteria for Test Plan XVIIIC.
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30.8 Alternative all equfpme nt production rel{abilfty acceptance test plans. The following
figures and charts present a set of all equipment production rellablllty acceptance test plans
(txro-linetest plans) which may be used for production acceptance testing in lieu of Test Plan
XVIIIC when it is destred to have a plan corresponding to some other PRST, tf such other Test Plan
was used during qualification. “These-are located in FIGURES C-10 through C-17 and Charts 22
through 29.

The accept andr~ect lines of the sequential tests do not follow the original Uald fonuulas.
They have been modified to account for the effects on the test risks of truncation. In computing
the all equipments test plans, this modification was not made and, hence, the accept and boundary.
Ifnes of the all equipments test will not llne up with the acceptant reject lines of the correspond-
Ing sequential test. The difference is in the separation of the lines. It is felt the original
Wa?d formulas are more appropriate for the all equipments plan. Otherwise each OC curve. repre-
senting a different test length, would require a different modification to the formulas..

30.9 Alternative fixed-length test plans. FIGURES C-18 through C-20 provide a ccrnpleteset
of fixed-length test plans for O percent consumer’s risk (6), 20 percent 6 and 30 percent
6, respectively, covering a range of test times from very short to quite long periods.
To derive a fixed-lengtt-test plan frtwnthese figures, choose the consumer’s risk (B) desired and
turn to the appropriate figure (for example, FIGURE C-18 applied to 10 percent consumer’s risk).
8asedon the test time available, select the test criteria which is applicable to the situation.
As an example, a test plan witha consumer’s rlskof 10 percent and a total test time not to
exceed 9.3 multiples of the lower test ~BF is desind. Turn to FIGURE C-18 and reading down the
4th column entftled TOTAL TEST TIFE (T) X LOUER LOMER TEST KIBF (8 ), find the test time closest
to9.3 but does not exceed it. AIn this case, the test time would e9.27 multiples Ofel.
it?adingacross the row corresponding to 9.27 the test plan number is 10-6. This test plan will
accept equipmentlf 5 or less failuns occur during the 9.27 X 8 hours of testing. It will

~ . Therowalso defines thereject the equipment if 6 or more failures occur during that per od
worst case (accept with 5 failures) acceptable observed MT8F (8), for test plan 10-6 this value is
1.55 awltlples of 91. The discrimination ratios corresponding to producer’s risks of10 penent,

m

20 percent, and 30 percent are also provided In the three right hand columns. Again, In the
case of test plan 10-6 for a producer’s risk of 30 pertent, the discrimination ratio is 2.05:1.
Similarly, forapmducer’s risk of 10 percent, the discrimination ratio is 2.94:1.

The procuring activity may select test plans frtxnthese tables, if it is felt that such a test
plan is more appropriate than the standard plans of section 4.4.

97

Downloaded from http://www.everyspec.com



I
MLL-STD-781C ~
APPENOIXC I
21 October 1977 ~

I

Number 01

Failures

o

1
2
3

,4
5
6
7
8
9

10
11
12
13
14
15
16
17
18

‘:

“Total test tin
Refer to 4.6:

FIGURE C-1

Decision Risks Sl = ~ = 10 percent Reject line

Discrimination Ratio 1.5:1 -/

50-
,,

/“
/

1

/ 0’

40

REJECT

30

20

10

10 20 30 40 60 60

Bouadary “line

.

TOTAL TEST TIME (IN MULTIPLES OF LOWER TEST MT8F, of

Total Test Time” Total Test Time”

Reject
Accept Number of Reject

Accept

Equal or less) (Equal ortnore) Failures (Equal or less)
(Equal or’ @re)

NIA 6.95 21 18.50 32.49

NIA 8.17 22 19.80 33.70

NIA 9.38 23 21.02 34.92

WA 10.60 24 22.23 36.13

NIA f 1.80 25 23.45 37.35

NIA 13.03 26 24.66 38.57

0.34 14.25 27 25.88 39.78

1.56 15.46 28 27.07 41.00

2.78 16.68 28 26.31 42.22

3.99 17.90 30 28.63 43.43

5.20 19.11 31 30.74 44.65

6.42 20.33 32 31.96 45.86

7.64 21.54 33 33.18 47.08

6.88 22.76 34 34.39 48.30

10.07 23.98 35 35.61 49.51

11.29 25.19 36 36.82 50.73
12.50 26.41 37 36.04 51.84
13.72 27.62 36 39.26 53.16
14.84 26.64 39 40.47 64.36
16.15 30.06 40 41.69 55.59
17.37’ 31.27 41 42.90 56.61

istotal unit hours of equipment on time and is expressed “inmultiples of the lower test MT8F.
I for minimum test time oar easaiament. .

Accept-Reject Criteria, derived froa Test Plan IC
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I,.

I

,“

1’

Number {
Failures

o
1
2
3
4
s
6
7,
8
9

“Totettestf
Refer to 4.

.,
OecisiorrRisks U = # = 20 perrent

Reject line Boundary Moe
Discrimination Ratio 1,5: 1

/“ /’

20
/“ I-

x

15 -
REJECT

5

5 10 15. 20 25

TOTAL TEST TIME(IN MULTIPLESOF LOWER TEST MTBF)

TotiTastlirne* TotalTast Time’

D

AcceptReject Accept Number of Reject

(Equal or less) (Equal or more) Failures (Equal or less) (Equal or more)

NIA’ 4.16 10 6.0 16.32

NIA 5.38 11 9.22 17.64

NIA 6.59 12 10.43 18.75

NIA 7.81 13, 11.65 19.97

0.705 9.02 14 12.87 21.18

1.82 10.24 16 14.06 22.40

3.14 11.46 16 15.29 23.62

4.35 12.67 17 16.51 24.93

5.67 13.69 18 17.73 35.03

6.79 15.10 19 18.95 27.26

e is total unit hours of equipment on time and is expressed “in,multiples of tfse lower test MTBF.
,.I for minimum test time per equipment.

IGURE C-II. Accept-reject criteria derived from Test Plan IIC.
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-1 1 ! v I I 1 I I I I J 4 1 (,1,1! II 1 1 IIiIIIII1.+-1,1j,; ., i;., ~:, rIu I * Iil f

i I Decision Risks (Nominal) 10 percent

Total test
Number of time-reject Boundary
failures equal or less line-test time

FIGuRE C-12.

o
1

,:
4
5
6

:

18
11

;:
14
15
16

ti/A
NIA
N/A
ti/A
1.15
2.536
3.922
5.308
6.69
8.08
9.47
10.85
12.24
;;.::

16:39
17.78

4.39
5.78
7.166

.. 8.55
9.938

,11.324
12:71
14.096
15.48
16.86
18.25
19.64
21.03
22.4
23.79
25.18
26.57

Accept-reject criteria, derived from test plan IIIC.

I
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1’

I

I
l.,

I

1.

,;,
,

Oecision Risks a = ~ = 20 percent

Discrimination Ratio 2.0: 1
Reject line

‘/-
/

7

6 Bowdary

REJECT
0

0’

5

4 ‘ACCCPT i%VD,

CONTINUE

TEST
3 -

2 /

1

1ine

2 4 6 8 10

TOTAL TEST TIME (IN MULTIPLES OF LOWER TEST MTBF)

Total Test Ttme”

Number of Reject Boundary
Failures (Equal or less) Line

o NIA 2.77
1 NIA 4.16
2’ NIA 5.55
3 1.39 6.93
4 2.77 B32
6’ 4.16 9.70
6 5.54 11.09
7 6.93 12.4B
8 8.32 13.86

“Total test time is total unit hours of equipment on time and is expressed in multiples of
thelowertest MTBF. Refer to4.5,4.1 forminimum test time per equipment. ,

FIGURE C-13. Accept-reject criteria derived from Test Plan IVC.
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I

I

I

7

6

5

4

3

2

1

3 5 9 12

TOTAL TEST TIME ON MULTIPLES OF LOWER TEST MTBF)

Decision Risks a= ~=, 10 percmlt Rkject line Boundary line
Diswiminat~on Ratio 3.0: 1 /

1 ,/
/.

./
I / 7.

I %“

REJECT

/ ACCEPT AN )
CONTINUE

TEST
/

/ /

Total Test Time”

Number of Reject
Failwes

Boundary
(Equal or less} Line

o N/A
1

3.30
NIA

2
4.94

0
3

6.59
1.85

4
8.24

3.30 9.87
4.84 11.54

: 6.59
7

13.18
8.24 . 14.63

“Total test time is total unit hours of equipment on time ad
isexpressed in multiples of th&lowertest MTBF. Refer to
4.5fl.l forminimum testtime per equipment.

FIGURE C-14. Accept-reject criteria derived froinTest Plan VC.
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Decision Risks a=@= 20 perrent

Oiscrimina:ion Ratio 3.0 : 1

Reject llne

3

2

1

0

zREJECT

ACCEPT !

J__
CONTII

TES1

1 2

TOTAL TEST TIME

Number of
Failures

/

Boundary line

3 4 5 6 ?

(IN MULTIPLES OF LOWE RTESTMTBF)

Total Test Time*

Reject Boundary
(Equal or less) Line

o N/A 2.06
1 NIA
2

3.73
1.22

3
5.36

2.87 7.02

‘Total test time is total unit hours of equipment on time and is ex-
preased inmultiples of thelowertest MTBF. Refer to4.5.q.l for
minimum test time per equipment.

,

FIGURE C-15. Accept-reject criteria derived frotnTest Plan VIC.
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.“

,.
,,

,,
Decision Risks a - 0 30 percent
Disrximination Ratio 1:5: 1 Boundary Ike

Reject line
/

‘6

5

4

3

2

1

2 4 6 8 10”

TOTAL TEST TIME (IN MULTIPLES OF LOWER TEST MTBF)

Total Test Tima -

Number of Reject 8oundary
Failures (Equal or less) Line

o NIA
,1

2.54
NIA 3.76
NIA

:
4.97

1.108 6.19
4 2.32 7.40
6 3.54 8.62’
6 4.75 9.84

● Total test time is total unit hours of equipment on time and is expressed in “
multiples of the lower test MT8F. Refer to 4.5.4. I for minimum test time

w ~uiPment.

,.. ,

.,,.

e

F16URE C-16. Accept-reject criteria derived from Test,Plan VIIC.
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Oecision Risks a= /3= 30parmnt
Discrimination Ratio 2.0: 1

Reject line
0/

4.

3

2

1

0
0 1!

REJECT

{

CONTINUE
TEST <“

) 2.0 3.0 4.0 S.o 6

TOTAL TEST TfME(lN MULTIPLES OF LOWER TEST MT6F)

Total Test TimaO

Number of Reject Boundaw
Failures (Equal or 19ss) Lina

o NIA
1

1.70
NIA

2
3.06

1.077
3

4.47
2.46 5.65

● Totat test time is totel unit hours of equipment on
time ●nd is expressed in multiples of the lower test
MTBF. Refar to 4.S.4./ for minimum testtime per
equipment.

&uadary Me

,0” ..

FIGURE C-17. Accept-reject criteria derived from Test Plan VIIIC.
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FIGURE C-18. 10% CONSUMER’S RISK (6] TEST PLANS

I

I

,, TEST
PLAN
NO’S

10-1
10-2
10-3
10-4
10-5
10-6
10-7’
10-8
10-9
1o-1o
10-11
10-12
10-13

‘30-14
:L10-15

. ,10-16
10-17
10-18’
10-19
10-20

EXAMPLE:
TEST PLAN.

10-6
ACCEpTAT
TEST TIME
9.27

MTBF (X(O1))
I

II
II “

8 1,

f
6

#

UPPER
4 TEST

ACCEPTABLE
OBSERVED PRODUCER’S
14TBF‘6 RISK OF

LOWER TEST

@
o 4 8 12 16 20 24 28

TOTAL TEST TIME IN MULTIPLES OF LOWER.
TEST MT8F (el)

TOTAL TEST
TIME(T) XLOWER
TEST MT8F (cl)’

2.30
3.89
5.32
6.68
7.99
9.27

10.53
11.77
12.99
14.21
15.41
16.60
17.78
18.96
20.13
;;.::

..23:61
;:.;;

.

FIGURE c-18.

0

ACCEpTABLE
08SERVED
MTBF ;

2.30t
1;94+
1.77+
1.67+
1,59+
1.55+
1●50+
1.47+
1.43+
1.42+
1.40+
1.38+
1.37+
1.354
1.34+
1.33+
1.32+
1.31+
1.30+,
1.29+

UPPER TEST NTBF (eo)
FOR PRODUCER’S RISK
30% 20%—. 10%—

6.46 10.32 21.85
3.54 4.72 7.32
2.781 3.47 4.83
2.42 2.91 3.83

.=

2.20 2.59 3.29
p. :.:: 2.94

2.70
1:86 2:11 2.53 .

1.80 2.02 2.39
1.75 1.95 2.28
1.70 1.89 ;.;;
1.66 1.84
1.63 L79’ 2:06
1.60” 1.75 2.00
1.58” 1.72 1.95
1.56 1.69 1.91
1.54 1.67 1.87
1.52 1.62 1.84
1.50 1.62 1.81
1.48 1.60 1.78

10 percent consu~r’s risk (8)test plans.
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HTBF (X(81))

15
4

10

8

6

4

ACCEPTABLE
OSSERVED
HT8Fd=

LOHER TEST
MT8F el-

TEST
PLAN
No’s

20-1
20-2
20-3
20-4
20-5
20-6
20-7
20-8
20-9
20-10
20-11
20-12
20-13
20-14
20-15
20-16
20-17
20-18
20-19
20-20

FIGURE c-19. 20% CONSUMERCS RISK (6) TEST pLANS

I I I

LLu--
EKAMPLE:

TEST PLAN
20-6

ACCEPT AT
TEST TIME

7.91 ‘l--l--I

TOTAL TEST TIME IN MLILTIPLESOF LOWER
TEST MTBF (el)

TOTAL TEST
TIME(T) XLOHER
TEST MTBF (el~

M
4.28
5.51
6.72
7.91
9.07

10.23
11.38
12.52
13.65
14.78
15.90
17.01
18.12
19.23
20.34
21.44
22.54
23.63

ACCEPTABLE
OBSERVEO
mTaF i

1.61+
1.50+
1.43+
1.38+
1. 34+
1. 32+
1.30+
1. 28+
1.26+
1.25+
1.24+
1.23+
1.22+
1.21+
1.21+
1.2*
1.19+
1.19+
1. 18+
1. 18+

~flbSTD-781c
APWNDIXc
21 October 1977

UPPER
TEST
MTBF (80)
FOR
PRODUCER’S
RISK OF

~10% a

30%—

4.51
2.73
2.24
1;99
1.85
1.75
1.68
1.62
1.57
1.54
1.51
1.48
1.46
1.44

H
1.39
1.38
1.37
1.35

UPPER TEST i4TBF(e )
FOR PRODUCER’S RISf!

20% 10%——

FIGuRE C-19. 20 percent consumer’s risk (4 test plans

7.22
3.63
2.79
2.40
2.17
2.03
1.92
1:83
1.77
1.72
1.67
1.64
1.60
1.58
1.55
1.53
1.51
1.49
1.48
1.46

.

15.26
5.63
3.88
3.16
2.76
2.51
2.33 .
2.20
2.09
2.01
1.94
1.89
1.84
1.BO
1.76
1.73
1.70
1.67
1.65
1.63

115

Downloaded from http://www.everyspec.com



MIL-sTD-781c
APPEmIx C
21 October 1977

MTBF(x(Ol)]

10

8

6

I
4

I
ACCEPTABLE
OBSER~ED

;;;,e,~

MTBF el .

f

TEST
PLAN
No’s

30-1
30-2
30-3
30-4
30-5
30-6
30-7
30-8
30-9
30-10
30-11
30-12
;;-;;

30:15
30-16
30-17
30-18
30-19
30-20

FIGURE c-20. 302 CONSUNER’S RISK.(S) TEST PLANS

1 I / I I
I I
I
i I !
I

I

i -

1 {

I

I
~~

EXAMPLE:I
* TEST PLAN
I i 30-6
1’ AccEPT AT
1 TEST TIHE

I 1’
7.00

I
I r,
*
I

TOTAL TEST TIME IN MULTIPLES OF LOWER
TEST MTBF (q)

NO. FAILURES TOTAL TEST
TIME(T) X LOWER

& ~ TEST MTBF (el~

FIGURE C-20.

1.20
2.44
3.62
4.76
5.89
7.00
8.11
9.21
10.30
11.39
12.47
13.55
14.62
15.69
16.76
17.83
18.90
19.96
21.02
22.08

ACCEPTABLE
OBSERVED
MTBF6

1.20+
1. 22+
1.20+
1.19+
1. 18+
1.17+
1.16+
1. 15+
1. 14+
1. 14+
1.13+
1. 13+
1. 12+
1. 12+
1. 12+
1. 11+
1.11+
1.11+
1. 11+
l.lot

PRODUCER’S
RISK OF

~lO%a
‘—20% a

~30% a

UPPER TEST MTBF(oO)
FOR PRODUCER’S RISK

5.39
2.96
2.35
2.07
1.91
1.79
1.71
1.65
1.60
1.56
1.53
1.50
1.48
1.45
1.43
1.42
1.40
1.39
1.38
1.36

30% 20% ‘--—.

3.37
2.22
1.89.
1.72
1.62
1.55
1.50
1.46
1.43
1.40
1.38
1.36
1.34
1.33
1.31
1.30
1.29
1.28
1.27
1.27

30 percent consumer’s risk (~ test plans.
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11.43
4.59
3.28
2.73
2.43
2.22
2.08
1.98
1.90
1.83
1.78
1.73
1.69 “
1.66
1.63
1.60
1.58
1.56
1.54
1.52
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APPENDIX E

TEST INSTRUMENTATION ANO FACILITIES

.-

.

10. GENERAL

10.1 Scope. This append{x sets forth min$mum requirements for test equipment and facili-
tatesfor the performance of rel{abflity qualification and production acceptance tests.

10.2 Purpose. The purpose of th{s appendix is to assure that adequate planning is accom-
plished and that appropriate and sufficient equipment and facilities have been provided, with
necessary certifications and calibrations, acceptable to the procuring activity, prior to the
commencement of reliability qualification and production acceptance tests.

20. TEST FACILITIES ANO APPARATUS

Test facilities, chambers, and apparatus used in conducting the tests of MIL-STO-781 shall
be capable of meeting the conditions required. The range of these conditions are presented in
Appendix 8.

20.1 Test chambers. Test chambers shall be capable of maintaining the environmental condi-
tions of the specified test level. The chamber shall be capable of:

a.

b.

Maintaining the ambient and forced air temperatures at the specified temperature
level t2°C during the test. The rate of temperature change of the thermal medium
in both heating and cooling cycles shall average not less than S“C/minute. Cham-
ber and equipment cooling air temperatures shall be monitored continuously, or
periodically, at a monitoring frequency sufficient to ensure proper chamber opera-
tion. Means shall be provided to ~nterrupt the programing used in the automtic
control of temperature cycling until maxim and minimum air temperature require-
ments are satisfied. Protective devices shall be installed to shut off both the
equipment being tested, and the heating source in case of temperature overruns.
However, if equipment has forced coolfng, this flow should be maintained to prevent
overheating of equipment under test
Maintaining sgecified vibrat$on with$n DIUS or minus 10 percent for sinusoidal
sweep or single frequency and as follows for random vibr~tion (see the Random
Vibration lest paragraph of~thod 514.2, 141L-STD-8)0)

Power spectral density of test control signal shall not deviate from specified requirements
by more than

;~~, -30 percent +3, -1.5 d8) below SOO
I, -50 percent :3 d8) between 500 to 2000 Hz

except deviations as large as +300, -75 percent (t6 dB) shall be allowed over cumulative bandwidth
of 100 Hz maximum between 500 and 2000 Hz.

It is recoimnended that the vibration equipment be checked for proper operation each 24 hours
of operation, and that vibration be monitored wfth autanatic devices to prevent over-test
conditions.

20.2 Equi It is intended that the equipment be cooled by means of its de-
signed-tn cooling system. en it is not practical to test the equipment and its operational
cooling system as a unit, the simulated coolant conditions and attributes used shall be approved
by the procuring activity (as part of test procedures). The simulated cooling conditions and
attributes shall be developed using the procedures of 4.3.1, Regardless of the method of cooling,
all equipments being tested shall be subjected to the conditions of mission/environmental profile
which are contractually specified. The coolant attributes shall be as follows:
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20.2.1 External coolant method. When there is minor or no mixing between the chamber me-
dium and the coolant (such as ducted liquid, ducted gas, or direct blast gas methods), the coolant
shall:

::

c.

Be the type used o~erationally
Be at the-maximum temperature-and the minimum rate of flow (per coolant input
requirements in tested equipment specifications) when the chamber temperature is
at the’highest,’and
Be at the minimum temperature and the maximum rate of flow when the chamber temper-
ature is at its lowest. When the chamber temperature is below the specified lower
limit temperature for cooling air, and the equipment is turned off,”the cooling
air supply shall correspond to conditions anticipated in the equipment ,
installation

20.2.2 Internal coolant method. When the gas within the chamber is used as the coolant, it
shall:

a. Be at atemperature in accordance with the required test level in the approved
test procedure

b. Be at the minimumrate of flow (per coolant input requirements in tested equipment
specification) at the highest chamber temperature, and

c. Be at the maximum rate of flow’at the lowest chamber temperature

20.3 Test instrumentation. Test instrumentation, beyond that required for the environmen-
tal chambers, must be provided to measure and monitor the performance parameters of the equipment
under test, as listed in the test procedures.

20.4 Calibration/accuracy. Both the environmental and monitoring’test facilities shall be
determined to be in proper operating condition as specified in MIL-C-45662. All instruments and
test instrumentation used in conducting the tests specified in MIL-STD-781 shall have an accuracy
greater than the tolerance for the variable to be measured.

20.5 Testing the test facility. Operate the test facility to determine that the test setup
operates properly under the required test conditions. Equipment other than the test samples
shall be:usedto verify’proper operation of the test setup unless otherwise approved by the pro-
curing activity.

20.6 Installationof test item in test facility. Unless otherwise specified, the test item
shall be installed In the test ~aclllty In a manner that will simulate service usage: making con-
nections and attaching instrumentation as-necessary. Plugs, covers, and.inspection plates not
used in operation, but used in servicing shall remain in place. When mechanical or electrical
Connections are not used, the connections normally protected in service shall be adequately
covered. For tests where temperature values are controlled, the test chamber shall be at stand-
ard ambient conditions when the test item is installed. The test item shall then be operated to
determine that no malfunction or damage was caused due to faulty installation or handling. -.

;.“
●

.
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APPENDIX F

NOTESON DATA REQUIREMENTS

10. GENERAL

10.1 Sco e.
*

This appendix provides notes for the guidance of the procurfng activity fn
generating t e etail equipment specification and the contractual data requirements.

. 10.2 Costs. Oata requirements should be placedon contract only when reviewof the data by
the procuri~tivity at the contractor’s facility is not cost effective. Nhen data requirements
are included in the DD Form 1423, Contract Oata Requirements List, the contractor’s format should
be used unless there are considerable cost savings to the procuring activity through the use of.
a specified format.

10.3 Contractual rewonsibility cons~derations. The detailed test procedures for demonstra-
ting a contractual rellablllty requirement are used tc show contractual compliance and, therefore,
must receive the concurrence of the procuring activity. Otherwise, the reliability requirements
of the contract could be compromised without the knowledge of the procurjng activity. Great care
should be exercised in placing on contract the tasks which will generate the information required
by many of the data item descriptions. The procuring activity must avoid telling the contractor
how toacccmplish the task of attaining the required reliability and approving the design method
he uses. For if the contractor does all that he states he will do, and still fails the reliabili-
ty test, and the procuring activity has given formal approval of the design tasks and the manner
in which they were executed, then the procuring activity will have jeopardized its contractual
pos~tion. Then the only recourse may be to fund correction of the deficiencyor to accept the
less-than-required results. As long as the procuring activity confines itself to performance
requiranents, including reliability, and does not dictate the design method for accomplishing
these requirements, the procuring activity is on firm contractual grounds.

m 20. ORDERING DATA

The user of this military standard should consider specific requirements for the following
fteins,and include in the appropraite contractual documents, as well as specifying the specific
military standards to be used by title, number and dates.

a.

b.
c.
d.
e.
f.
9.

h.

i.

Equipment application and its mission profile. Note: In lieu of a suitable rots-
sion profile, the procuring activity should incorporate the following items as
deliverables in the contract to enable the contractor to develop themisston/
environmental profiles

Environmental Development Plan (EOP)
;: Enviromnental Profile Report (EPR)
3. Environmental Oeslgn criteria Oocument (EOCO) as described in Sectlon4

of MIL-STO-1670 IAS)
F4inimumtest levels (~f-~ot readily obtainable from a.)
14aximumduty cycle of the equipment and equipment life desired
Equipment/systen upper test t4T8F(Qo)and the lower limit unacceptable MT8F (91) “
Standard Test Plan to be used (Section 4.4 of this standard)
The equipment operating parameters to be measured and the frequency of measurement
Specific definition(s) of failure for the equipment involved and {instructionscon.
cerning the replacement of deteriorated (but not failed) parts
Conf~dence interval tobe used in estimating true MTBF demonstrated during the
test (0)
Specffic definitions for failure scoring in reliab{ltty calculations that ensure
consistency between laboratory and field results. Scoring should constder:

Failure free reference run prior to test to establish performance benchnarics
;: Parts removed in error
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3. Failures occurrinq durinq fault isolation and reDair actions

j.
k.
1.
m.
n.
o.
P.
q.
r.
s.
t.

30. DATA

4. Failures occurriti~durin~ environmental checkout”following repair
(The a!)ovewill reduce,likelihood of definitional differences between demonstrated
and field MTBFs. Establish clear understanding of ground rules used to determine
compliance with contractual reliability requirements).
Preconditioning burn-in test time and conditions.
Lot definition and.sample size, if reliability acceptance sampling tests are used
Goverqnent furni’shecl.equipmentlist
Contractor test plan requirement
Test procedures requirement
Action in case of failure during reliability test

,.

Corrective action approval
Pre~entive maintenance to be allowed during reliability tests
Supporting documents, with data and analysis m
Test report requirements
Instructions for disposition of equipment under test at completion of test

ITEM DESCRIPTIONS

The following listingsof DIDS provides the source of possible data item descriptions and
reporting formats that implementation of MIL-STD-781C should require.

Paragraph

5.1.2
5.1.3
5.1.5
5.1.6
5.1.9

:::3.1
5.13.2.1
5.13.2.1”

Data’Requirement

PLAN,.RELIABILITY TEST
,PROCEDURES,RELIA81LITY TESTS
REPORT, THERMAL SURVEY
REPORT, VIBRATION SURVEY
REPORT, BURN-lNTEST
PLAN, CORRECTIVE ACTION
REPORTS, RELIABILITY TEST AND DEMONSTFL4TION
REPORT, FAILED ITEM A:iALYSIS
REPORT,FAILURE SUM,WRY AND ANALYSIS

Applicable DID

DI-R-7033
DI-R-7035
DI-R-7036
DI-R-7037
DI-R-7040
DI-R-7038
DI-R-7034
DI-R-7039
DI-R-7041

,,,.
,.

,.

,., .:-.
~U,S.90VERNMENT PRlNTlNQOFF10E 19811 705 024 7122

“

i24
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