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FOREWORD

1. MIL-STD-781C is a complete revision of MIL-STD-781B and makes extensive use of appendices.
The appendices expand and clar1f¥ varfous sections of the standard and will aid both procuring
activity and producer in the application of this standard.

2. The definitions of the mean-time-between-faflures (MTBF) requirements have been changed to
clarify the use of 90 and @, which are test plan parameters. Ol, the lower test MTBF, is

an unacceptable MTBF based &n minimum requirements. @  {s the upper test MTBF and the accept-
able MTBF. The ratio of 0_ to O, is defined as the discrimination ratio. Specifying any two of
these three parameters, gi?en thé desired decisfon risks, determines the test plan to be utilized.
The new definitions enable the lower test MTBF to be held constant (which should be the case
since that value is the threshold of the required MTBF) when choosing a test plan. Previously,
under MIL-STD-7818, the minimum acceptable MTBF changed with the test plan making the concept

of a minimum acceptable (or a lower limit) MTBF ineffective. For example, under MIL-STD-7818
definitions O_ was the specified value of MTBF and if Q_ = 400 hours and Test Plan 1II was the
required qual?fication test plan, 01 would equal 200 hoﬂrs; if Test Plan V was used, 9, would
equal 133 hours; if Test Plan VI was used, O; would only be 80 hours. Furthermore, thé predicted
MTBF was required to be no less than the min*mum acceptable @,. However, to assure a high
probability of reaching an accept decision under a particular test plan, the equipment's design-
predicted MTBF should approach °o in value.

3. The other major change in MIL-STD-781 is the use of combined environmental test conditions
{temperature, vibration and moisture) 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 combining altitude with the other
environments would probably not be cost-effective.

&. This standard should not be invoked on a blanket bdasis but esch requirement assessed in terms
of the pesd. Appendices are set-up so that the procuring activity msy reference them with
spacific parts of the standard and invoked in the equipment specification, for example; combined
envircuments for turboprop aircraft snd hslicoptsr equipment (Section 50.5 of APP B),

it
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1. ScCort

1.1 Scope. This standard covers the requirements for reliability gualification tests

‘(preproduction] and reliability acceptance tests (production) for equipment that experiences a

distribution of times-to-failure that is exponential. These requirements include: test
conditions, procedures, and various fixed length and sequential test plans with respective
accept/reject criteria.

1.2 Application. The application of this standard is intended to provide the procuring
activity with decision information prior to award of a production contract, based on realistic
test and evaluation of equipment performance and reliability, under specified envirommental
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 from the listed order
of priority and authorized by the procuring activity.

a. Test in government or commercial laboratory independent of the developing/
producing contractor

b. Have prime contractor test subcontractors' products under govermment
surveillance

€. Allow contractor to conduct these tests in his own facilities, under strict
govermment surveillance, where such an arrangement is shown to be in the best
interests of the govermment

Furthermore, it is the intent of this standard that both perfonnance;/and reljability be assessed
in a test program of statistically valid length under combined, cyclic, and time-varying environ-
mental conditions which simulate those expected in service use.

+ 1.2.1 Alternative applications.. This standard may be applied on a program requiring only
the development of equipment where the final development model is to be used for relfability
design qualification. However, this standard is not applicable to relizbility growth testing.
This standard may be applied on a pure production contract where the reliability design has
already been qualified. ' ' ’

1.3 Classification. This standard is applicable to six broad categories of equipment,
distinguished according to their field service applications:

Category 1 Fixed ground equipment
Category 2 Mobile ground vehicle equipment
Category 3 Shipboard equipment
A. Sheltered ’
B. Unsheltered
Category 4 Equipment for jet afrcraft
Category 5 Equipment for turbo-prop and helicopter
Category 6 Air launched weapons and assembled external stores

1.4 Relationship to total reliabilfty program. When testing in accordance with this
standard, the mininum test program shall norma1iy consist 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 normally in conformance with the approved relfability program plan required
by MIL-STD-785, several related tasks shall be completed, and approval obtained from the
procuring activity. Appendix A describes the normal relfability program tasks for a military
procurenent, including full-scale development.

Tn practice, this would generally be accompifshed by demonstrating ar 2cceptable performance
baseline through detailed performarce measurement before the reliability tests are initiated.
After completion of these detailed performance mgasurements, selected performance test criteria
are then used during the reliability test to assure acceptable equipment performance. As a
minimum, all failure indications that will cause fnjtiation of corrective maintenance action

in field service must be monitored.
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2. APPLICABLE DOCUMENTS

2.1 'Issues of documents. The following documents of the issue in effect on the date of
jnvitation for bids or request for proposal, form a part of this standard to the extent spec1f1ed
herein. ‘

SPECIFICATIONS
MILITARY
MIL-C- 45662 Calibration System Requirement
STANDARDS ,
MILITARY ‘
. MIL-STD-167-1 Mechanical Vibration of Shipboard Equipment (Type I -
Environmental and Type II: - Internally Excited)
MIL-STD-721 _ Definitions of Effectiveness Terms for Reliability,
o Maintainability, Human Factors and Safety
MIL-STD-785 Reliability Program for Systems and Equipment
MIL-STD-810. Environmental Test Methods .
MIL-STD-1399 Interface Standard for Shipboard Systems
MIL-STD-1543 Reliability Program Requirements. for Space and
Missile Systems
MIL-STD-1670 Environmental Criteria and Guidelines for Air Launched
Heapons
HANDBOOKS
MILITARY ,
MIL-HDBK-108 . Quality Control and Réliability - Sampling Procedures
and Tables for Life and Reliability Test1ng (Based
: on Exponential Distribution)
. MIL-HDBK-217 ~ Reliability Prediction of Electronic Equ1pment

(Copies of specifications, standards, drawings, and publications required by contractors in
cornection with specific procurement functions should be obtained from the procur1ng 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 Rerein.” Unless otherwise indicated, the issue in effect on date of invitation for
bids or request for proposal shall apply. .

AD-AD05667 ‘ RADC-TR-75-22, RADC Non-electronic Reliability Notebook
. Revision (Part Failure Data, Sectlon 2 of RADC-TR-69-458)

(Application for copies should be addressed to the Nat1onal Technical Information Service,
U.S. Department of Commerce, 5385 Port Royal Road, Springfield VA 22151.)

GIDEP Government Industr1es Data.Exchange Program, Summaries
‘of Failure Rates

(Appl|cat1on for copies should be addressed to the Fleet Analxsis Center GIDEP Operations
- Center, Naval Weapons Stat1on. Seal Beach, Corona Annex, Corona, C

i
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’ 3. DEFINITIONS

3.1 General. Meanings of terms not defined herein are in accordance with the definitions
in KIL-STO<T72T.

3.1.1 Contractor. Contractor includes Government or industrial activities developing/
producing miTitary systems and equipments.

3.1.2 Decision risks.

3.1.2.1 Consumer's risk {B). Consumer's risk {B) is the probability of accepting equipment(s)
with a true MTBF equal to the Tower test MTBF (0.). (The probability of accepting equipment(s)
with true MTBF less than the lower test MTBF (0;} will be less than 8.)

3.1.2.2 Producer's risk (a). Producer's risk (o} is th% ﬂrobabilit{ of rejecting equip-
ment{s) with a—true WIBF equal to the upper test MTBF (0_.)}. {The probability of rejecting
equipment(s) with true MTBF greater than the upper test Arer will be less than a.)

3.1.2.3 Discrimination ratio (d). The discrimination ratio is one of the standard test
plan parameters which establishes the test plan envelope. This ratio discriminates between 91
and 90. 90

d"g—
1

3.1.3 Failure. Details 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. Faflure is an event in which a previously acceptable item does not perform one or
more of its required 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 Dependent failure. A failure caused by the failure of an associated item (dependent
failures are not necessarily present when simultaneous failures cccur).

3.1.4.2 1Independent failure. A failure which occurs without being caused by the failure
of other parts™of the equipment under test. test equipment, instrumentation, or the test facility.

= 3.1.4.3 Intermittent failure. The momentary cessation of equipment operation,

3.1.4.4 Myltiple failures. The simultaneous occurrence of two or more independent failures
{when two or miore failed parts are found during trouble shooting which cannot be shown to be

interdependent, multiple failures are presumed to have occurred).

. 3.1.4.5 Pattern failures. The occurrence of two or more failures of the same part in
identical or equivalent appiication which are caused by the same basic faflure mechanism.

3.1.5 Faflure classification. A1l failures are relevant and chargeable unless and unti)
determined to be nonrelevant or nonchargeable or both by the procuring activity.

3.1.5.1 Relevant failure. A1l failures that can be expected to occur in subsequent field
service. All relevant Tailures shall be used in computation of demonstrated MTBF.
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3.1.5.2 Nonrelevani failure. A failure caused by .a.condition external to the equipment
under test which 1s not a test requlrement and not expected to be encountered in field,service.

3.1.5. 3 Chatgeable failure A re]evant, independent failure of Contractor Furn1shed e

3

Equipment (CFE) under test, plus any dependent failures caused thereby, classified: as. one fallu}e
and. used to determine contractual compliance w1th accept/reJect criteria. .

3.1.5.4 Nonchargeable failure A relevant failure of CFE caused by and depehdent ubon :
an independent failure of Government Furnished Equipment (GFE) or CFE of another contractor,- .
and therefore not used.to determine contractual compliance with accept/reject criteria. s

3.1.5.5 Equipment design (Eg), 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 or fail, resu]ting in an equipment failure; for example, a-circuit design which over- -
stresses a part or other improper app]1cat1on 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 aiso

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.

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

3.1.5.9 Software errors (SE). These errors cause equipment failures when a computer was
"~ part of 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-betweeq-fai1ures (MTBF).

, 3.1.6.1 Demonstrated MTBF (8). The probable range of true MTBF under test conditions;
- observed MTBF within a stated confidence interval.

3.1.6.2 Observed MIBF (3). "Observed MTBF (5) is equal to the total operating time of the
equipment divided by the numbér of relevant failures.

3.1.6.3 Lower test MTBF (O, ). Lower test MIBF (0,) is that value which is unacceptable
and the standard test plans will reject, with high prob3b111ty, equipment with a true MTBF that
approaches 91 (9, is equivalent to noncompliance with reliability requirements and will be included
in Sect1on 4 of 1he equipment specifications).

L]

3.1.6.4 Upper test HTBF,(QOL. Uppef test MTBF. (00) is an acceptable value of MTBF equal

‘ to the discrimination ratio times the lower test MTBF (0,). The standard test plans will accept, -
I with high probab111ty. equipment with a true MTBF that aﬁproaches 90 {both 90 and 91 should be
o identified in Section 3 of the equipment specifications).

3.1.6.5 Predicted MTBF (0 ) Predicted MTBF (9 ) is that value of MTBF determined by

reliability prediction methods and is based on the equ1pment design and the use environment
(0. should approach ©_ in value to ensure with high probability that the equipment will be
acgepted during the r811ab111ty qualification test).

3.1.7 'Mission profile. A mission profile is a thorough descr1pt1on of all of the major
planned events and conditions associated with one specific mission. As such, a mission profile
is. one segment of a life profile (for example, a missile captive carry phase, or a missile

free flight phase). The profile will depict the time span of the event, the expected
environmental conditfons, energized and non-energized periods, and so forth,
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3.1.8 (Qperational life profile. An operational life profile is a thorough description of
the events and conditions associated with an ftem of equipment from the ‘time of final factory
acceptance until its ultimate disposftion (for example, factory-to-target sequence). Each
stgnificant operational 1ife event, such as transportation, dormant storage, test and check out,
standdby and ready modes, operational deployment, mission profiles, and so forth, are addressed,
including alternate possibilities. The profile depicts the time span of each event, the environ-
mental conditions, operating modes, and so forth,

3.1.9 Procuring activity. Procuring activity, as used in this standard, refers to the
government agency or the prime contractor in their dealings with their suppliers.
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4. GENERAL REQUIREMENTS ' ‘

4.1 General. The reliability qualification and acceptance tests are intregral parts 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 environmental
conditions as specified in the test plan document and test procedures. Applicable reliability
tests are described below. ‘ o . » - ‘.

4.1.1 First article {preproduction) reliability qualification test. The purpose of'this.
test is to demonstrate that the equipment design will meet specified performance and re11a§iltty .
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
2s 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 fo ascertain whether equipment continues to meet
specified performance and retiability 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-
duction contract (see 5.5.1.2). ’

. 4.1.3 A1l equipment production 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 all 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 integratéd test planning is presented in

Appendix A. : ‘ ) .

4,2.2 Reliability test plan document. To implement the requirements of this. standard, an
overall re}iability test plan document is required. This document shall include descriptions of
all reliability qualification and acceptance tests .and burn-in procedures. It shall reflect the
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. - . . - - ‘

v

4.2.3 Reliability fest procedures. Detailéd re1jabiii§y tést procedures shall.be prepared
for the reliabiiity tests that are incTuded in the reliability test plan document.

. 4.3 Test conditions/levels: The combination of environmental test conditions and :levels to
. be applied under the provisions of this standard, and their variation as a function of test time, =
shall represent the field service environment and mission profile of the equipment under test.

4.3.1 Definition of test conditions. A specific profile of stresses to be applied during
the test shall be specitied 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

realistic ‘environments during the reliability test, hence-the preference order. When components
of the system to 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 activity when measuring vibration stresses. The mechanical impedance effects should be
accounted for in establishing vibration levels. Stress types and levels applied duriny 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 shal) 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).

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

€. Minimum stress. When 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 mecasured 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 T shall be combined 'n the 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,
operation in accordance with 1ts specified operating modes and duty cycles, and input voltage
variance above and below the nominal value specified in the contract.

specific intended 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, & 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 Method 514.2 of
MIL-STD-810 shall be applied.

. 4.3.2.2 Vibration stress. Vibration test levels and profiles shall be tailored to the

4.3.2.3 Thermal stress. The thermal stress profile shall be a realistic simulation of the
z actual thermal environment that 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 Moisture stress. Moisture levels shall be sufficient during the temperature cycles
to produce visible condensation and frosting or freezing when such conditions can be expected in
figld 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.
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TABLE I. Test conditions matrix.

Summary'of Combined Environmental Test Condition Requirements

‘FIXED | GROUND . ~ SHIPBOARD
, GROUND 1 VEHICLE SHELTERED ‘ UNSHELTERED
ELECTRICAL STRESS - ' 1 ©
Input voltage Nominal + 5%-2% Nominal + 10% Nominal ¢ 7%* Nominal # 7%*
Voltage cycle high, nominal and-»one per test cycle . - —>
Tow ‘ ' , :
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 o .
Application © 20 minimum per . sweep rate {See APPENDIX B —————> )
‘ v equipment 15 mipimum once/hr
| THERMAL STRESS (°C) A B C *hkd LOW HIGH LOW HIGH? ‘ Low HIGH
- Sforage temperature | - - - : -54 85 -62 7. -62 71
Operating tempera- | 20 40 60 -400 70 55 | 0 7050 -28 - 65
ture ' : , (CONTROLLED) - ]
Rate of change - - - 5°/min. - 5°/min. : 5°/min.
Maximum rate of . | - - - ‘ 10°/min. 10°/min. ~10°/min.
change . |
' MOISTURE STRESS - ’
- Condensation none ' - 1/test cycle See APPENDIX B 1/test cycle
Frost/freeze ' 1/test cycle ’ 1/test cycle
*  See MIL-STD-1399
*%  See MIL-STD-167-1 ) .
*** Frequency tolerance ¢ 2 percent or ¢ 0.5 Hz for frequencies below 25 Hz.

*4++Sce §0,1.4 of Appendix B ' ' )
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TABLE 1. Test conditions matrix (continued).

AIRCRAFT AIR-LAUNCHED
- WEAPONS AND
TRANSPORT, . ASSEMBLED
FIGHTER BOMBER HELICOPTER TURBO-PROP EXTERNAL STORES
ELECTRICAL STRESS
Input voltage range nominal & 10% | ¢ 10X + 10% + 10% + 10%
Voltage cycle (nominal, high and low voltage, one cycle/thermal cycle or per APPENDIX B)
_ VIBRATION STRESS
Type vibration random random swept-sine swept-sine swept-sinet**
log sweep and random
Amplitude - SEE APPENDIX B >
Frequency range 20-2000 Hz 20-2000 Hz | 5-2000 Hzww++ 10-2000 Hz 20-2000 Hz
Application continuous continuous | sweep rate continuous cont inuous
15 min. one/hr | (see APPENDIX B) {(see MIL-STD-1670)
THERMAL STRESS (°C) , LON HIGH LOW HIGH |LOW HIGH LOW  HIGH LOW  HIGH
Storage temperature (non-oper.)| -54 +71 -54 +71 -54  47] -54 471 65 +71
Operating temperature range e See APPENDIX B >)
Rate of change (min.) 5°/min, 5°/min. 5°/min. 5°/min. 5°/min.
Duration {nominal) 3 1/2 hours 3 1/2 hours|3 1/2 hours 3 1/2 hours 3 1/2 hours
MOISTURE STRESS
Condensation (1/test cycle = = = - — =) @ f m e D L D e e m e e e e )
Frost/freeze 1/test cy€le = = -~ & - e e e e e e r e m e ——m— e —==)

*** Frequency tolerance t 2 percent or £ 5 Hz for frequencies below 25 Hz.
#aes See 50.5.3 of Appendix 8.

{lol 2340330 12
J18L-ALS-T1i




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

MIL-STD-781C
21 October 1977

- HIGH
PRIME ! ‘l | o | .o
" VOLTAGE | - : ——== LOW
| . — :
VIBRATION —i—] 7 ———= OFF
- . - . . iy ’ ! __' ON . .
EQUIPMENT ||l DUTY CYCLE | | || OFF :
OPERATION : | |
Cooting ! _ Heating Period Cooling
Period | : o= Period I
L -y ;
HIGHER . TN
TEMPERATURE \ l I : | \\ :
\ ) B -ewfas-C "_.I i
. i B
TEMPERATURE | | l _ . | P |
o Vo R
b | | i
\ ! i ; _ I
) \\_ ' | ~— 'I-
LOWER . i | | i
TEMPERATURE
Time {(Hrs.}
e Equipment off (caﬁ be ‘operated if required) App]i es to
Equipment operaied in accordance with duty cycle ‘t:;zlg:rature

A. Time for chember to reach stabilization at higher temperature

B. Time of equipment operation at higher temperature

<

C. .Optional Hot Soak and hot start-up checkout

 FIGURE 1. Sample environmental test cycle.

10
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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 II 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
nurber of consecutive failure free thermal test cycles (minimum of two) which each deliverable
{tem must exhibit shall be specified by the procuring activity. The vibration, temperature
cycling, and moisture environments together with any others which are deemed necessary may be
applied sequentfally. 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. The accelera-
tion spectral density shall be in accordance with FIGURE 2. The vibration options are as follows.

4.4.1 Option I. Each equipment shall be exposed to 10 minutes of randem vibration in one
axis in accorgance with FIGURE 2 with power applied. A1l 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 Method 514.2 of MIL-STD-810.

4.4.2 gEtion I1I. Same as Option I except broadband/complex vibration may be used in lieu
of random with a tolerance of -3 dB.

4.5 Statistical test plans {APPENDIX C).

4:5.1 General. These statistical test plans are to be used for estimation of true MTBF and
determination of contractual compliance. The ©_ and 0, are for the purpose of establishing accept/
reject criteria and shall not be used for prcjeeticn o} equipment MTBF.

4.5.1.1 Standard test plans. The test plans of this section contain statistical criteria
for determining compliance with specified reliability requirements. They are based on the assump-
tion that the under1yin$ distribution of individual times-between-faflures will be exponential.
The exponential assumption 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:

Fixed length test plans (Test Plans IXC through ZVIIC and XIXC through XXIC )
Probability ratio sequential tests (PRST), (Test Plans IC through VIC)

Short run high risk PRST plans sTest Plan VIIC and VIIIC)

A1l equipment reliability test (Test Plan XVIIIC)

an oo

TABLES II, 1II, 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 91 and 90) while ETT curves
show the expected test time versus the true MTBF (in multiples of 91 and 90).

4.5.2 Requirements.

4.5.2.1 Selection of test plan. The test plans to be used in preproduction reliability
qualification @nd production refiability 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 §s necessary to obtain an estimate
of true MTBF demonstrated by the test, or when total test time must be known in
advance. Therefore, a fixed length test plan should normally be selected for pre-
production reliability qualification tests.

1
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" FIGURE 2. Random vibration acceptance test.
TABLE Il; Summary of test plans (fixed ‘length). : >
o Accept-reject
. Test failures
True duration’ | Reject |- Accept .
" decision Discrimination | (muitiples | (equa} (equal -
Test plan risks | Ratio 0,/8 | of 91) or more) | or less)
B . a 8 : ‘ N
IXC 12.0% | 9.9% 1.5 45.0 37 36
“XC 10.9% { 21.4% 1.5 29.9 26 25
- XIC 17.8% | 22.1% 1.5 21.1 18 17
XI1IC 9.6% | 10.6% 2.0 18.8 14 13
XI11IC - '9.8% | 20.9% 2.0 12.4 10 9
XIvC 19.9% 21.0% 2.0 -7.8 6 5
XVC 9.4% 9.9% 3.0 9.3 6 5
i xvic 10.9% | 21.3% 3.0 5.4 4 3
XVIiC 17.5% | 19.7% 3.0 4.3 3 2

12
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' TABLE III. Summary of test plans (high risk fixed length)*.
Accept-reject
Test failures
True duration Reject Accept
decisfon Discrimination } (multiples {equal (equal
Test plan risks Ratio 9,/8, of 91) or more) or less)
a .|
XIxC 28.8% 31.3% 1.5 8.0 7 6
Xxc 28.8% 28.5% 2.0 3.7 3 2
: XXIC 30.7% 33.3% 3.0 1.1 1 0

*For more fully tailorable fixed-length test plans see APPENDIX C, Section 30.9.

TABLE 1V. Summary of test plans (standard PRST).
Accept-reject
True criteria
decision Discrimination Appendix €
Test plan risks ratio 00/91 figure
a B
IC 11.5% | 12.5% 1.5 c-1
11C 22.7% | 23.2% 1.5 c-2
111C 12.8X | 12.8% 2.0 c-3
1vC 22.3% | 22.5% 2.0 c-4
vC 11.1¥ | 10.9% 3.0 c-5
vIC 18.2% | 19. 3.0 c-6

TABLE V. Sdmmarx of test plans (short run high risk PRST)*.

Accept-reject
True criterfa
decision VDiscrimination RAppendix C
Test plan risks ratio 00/01 figure
[ J.]
viIC 31.9% 32.8% 1.5 c-?7
VIIIC 29.3% 29.9% 2.0 c-8
. XviI1ic bl b el i

*for additional PRST plans with higher discrimination ratios and
different risks refer to MIL-HDBK-108.

-**Test Plan XVIIIC is the al) equipment relfability accebtance
test. See 4.5.4 for details.

3
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b. - A sequentval test p]an may be se]ected when it is only necessary to. accept/reJect
> predetermined MIBF values (8 _, 8,) with predetermined risks of error (a, 8}, and
when uncertainty in.reogard t8 fota] test time is relatively unimportent. Therefore,
" either a fixed leéngth or a sequential test plan may be selected for product1on
reliability acceptance tests.

c.. The all equ1pments hypothesis- test plan may be selected when it is necessary to’
accept/reject every unit of the production run. CAUTION: The combination of
an all equipments test plan with realistic combined-stress cond1t1ons may 1mpact
test and facilities and must be carefully evaluated.

4.5.2.2 Equ1pment performence ‘The parameters to be measured and the applicable acceptance
limits shall correspond with the performance 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 equ1pments to be tested not necessar1ly
simultaneously, shall be determined as required herein or as specified in the contract.,

‘a. Sample size (reliability qualification).. The samp]e size required for the qual-
ification phase test plans shall be:as spec1f1ed in the contract, or as agreed by
the contractor and the procuring activity.

b, Sample size (product1on reliability acceptance). - The minimum number of samples
to be tested per lot is 3 equ1pments unless otherwise specified by the procuring
activity. The recommended sample size is 10 percent of the equ1pments per lot
up: to a maximum of 20 equipments per ‘lot.

¢c; A1l equipment product1on reliability acceptance. Under this test plan, all pro-
- duction equipment is subjected to the reliability acceptance test. A1l eguipment-
acceptance testing (100 percent sample) should only be specified under exceptional
circumstances, as determ1ned by the requ1rements of safety or mission success.

4. 5 2. 4 Test 1en th. When sequential test plans are specified, test length shall be ‘planned
on.the basis of maximum allowable-test time (truncation), rather than the expected decision point,
to avoid the probab1l1ty of unplanned and uncontrollable test .cost and schedule overruns. Test-
ing shall 'continue 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 compiiance 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 sha]l operate.at least one half the

.average operatlng time of a]l equ1pments on test.

4, 5 2.5 Evaluation criteria. The test data on operat1ona1 performance parameters, relevant
fa11ures,,and total test tlme shall be evaluated aga1nst the approved test plan/procedures.

4.5.3 Sequentxal 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
characterlst1c curves and the expected test time curves based on assumed value of true MT8F.

4.5.4 - Test Plan XVIIIC (examp]e all equipment production reliability accep;;nce) This test
plan shall be used when each unit of production (or preproduction equipment if approved by the .
procuring activity) -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 boundary:lines are the
same as the reject and accept lines of Test Plan IIIC but both 1ines are extended as far as necessary
to cover the total test time required for production run. The equation of the reject line is
fg = 0.72T + 2.50 where T is cumulative test time in multiples of 81, f is cumulative number of
fajlures. The plotting ordinate is failures and the abscissa is in multiples of 87, the lower test
MTBE. The boundary line is 5.67 failures below and parallel to the rejection line. Its equation
is fg = 0.727 - 3.17.

14
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4.5.4.1 Test duration. The test duration for each equipment shall be specified in the test
procedure as approved by the procuring activity. The maximum duration may be 50 hours and the
mfnimum 20 hours to the next higher integral nunber of complete test cycles. If a failure occurs in
the last test cycle, the unit shall be repaired and another complete test cycle run to verify repair.

4.5.4.2 Evaluation. When this test plan fs 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 failure 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 being 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 time reach or cross the reject line, the
equipments in test are no longer acceptable. The test shall then be terminated and corrective action
in accordance with 5.9 shall be performed.

4.5.4.3.3 Reaching the boundary line Y . Should a plot of failures versus time reach the
boundary line, the plotting of accumulated time shall follow the boundary line but censoring test
time as necessary at each failure to maintain an accurate failure plot without crossing the
boundary line. Thus the test time plot will not te true accumulated test time. All test time
shall be recorded in the test log to maintain capability to determine true accumulated test time.

4.5.4.3.4 Alternative all-equipment production reliability acceptance test plans. An alter-
native all-equipment production reliabiTity acceptance test plan may be used in lieu of Test Plan
XVIIIC. That is, a unique test plan may be developed from any basic PRST plan, Test Plan IC through
VIIIC, based on the actual test plan used during the qualification phase. A set of alternative two-

1ine all equipment production reiiability acceptance test plans are provided in APPENDIX C,
Section 30.8.

4.6 MIBF estimation from observed test data. When the procuring activity must not only have
a statistical basis 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.
A1l agencies conducting reliability tests under the provisions of this standard shall provide the

procuring activity with current values of demonstrated MTBF (ED as part of each required test
report, when required.

g/lf it is desired to maintain an accurate/true plot of accumulated test'time and failures, this
can be done on the same chart by continuing the plot into the region beyond the boundary line.
However, to maintain the proper reject criteria, the first failure occurring after the boundary
Jine is crossed must be shifted vertically to the boundary line to start a second plot (dotted
1ine) within 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 the original 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 severa)l 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 time scales provided on the ordinate and abscissa.
However, the failures plotted on the boundary line or above after-.the time plot crossed the
boundary line would have to be labelled since the number could not be read off the ordinate.
After a reject occurs and corrective action is 2pproved, return the true plot to the boundary
line. Continue the true plot on real time, and again numerically number the subsequent failures
as shown on failure 16 of FIGURE 4.
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Failures {Equal or less) Ling Failures (Equal or less) . - Line
) N/A 440 9 9.02 " 16.88
1 N/A 5.79 10 10.40 18.26
2 N/A 718 1 1.79 19.65
3 70 8.56 12 13.18 21.04
4 2,08 9.94 13 1456 2242
5 348 11.34 14 ETC ETC _
6 486 ©o1272 15 . . v N
? 6.24 14,10 16 . . g
8 763 15.49 o

* Total test time is total unit hours of equipment.on time and is expressed in multiples of the lower N .
test MTBF. Refer104.54.1 fqr minimum test time per equipment.’ ) : -

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 {B8y) nor the lower test value (O7) of any hypothesis test plan shail be
used in estimation of demonstrated MTBF; rather the demonstrated MTBF (8) must be calculated from -
demonstrated test results. Producer's risk (a) and consumer's risk (8) are excluded fram 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 .

(89, 81, o, B) should be provided to assist in the understanding of how and why the data was gathered.

4.6.2 Specified confidence interval. In order to obtain an interval estimate of the demon-
strated MTBF, 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 MIBF estimation from fixed-length test plans. When a fixed-length test plan is specified, -
an interval estimate of the demonstrated MIBF of 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 MIBF 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 MTBF (3) 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 5a with total failures and the specified confidence interval.

Read out the Tower and upper confidence multiplier for that number of failures. .

A -
c. Multiply observed MTBF (8)(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 MTBF as the‘specifiedeercentage of confidenée, followed by the
Yower and upper MTBF values in parenthesis: § = XX percent (lower 1imit MTBF, upper 1imit MTBF).
MTBF values will be rounded off to the nearest whole number. .

. If the values are not available in FIGURE 5a or TABLE Vla -then the correct values can
be obtained by computation as follows. )

MTBF multipler = _er  lover 1imits
‘ ‘ :ﬂ(? 1+¢c, 2r
- X :
= 2r , -upper limits

Xz(liﬁ"zr) - | :

where r_= number of failures : N
Yé= Chi-square statistical distribution ' - )
c= confidence :

For example: using 90 percent confidence interval, ¢ = .9
Then 1+c = .95 and 1-c = .05
: 2 ‘ 2

_ Example: The specified confidence interval ié 80 percent. The 7th failure occurs at 820

hours total test time. Therefore, observed MIBF (B) s 117.14 hours. Enter TABLE VIa (or FIGURE Sa)

with 7 fajlures and the 90 percent upper.and lower limits shows a lower 1imit multiplier of .665

and an upper limit multiplier of 1,797. The product of these multipliers with observed MTBF (B) .
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yields a lower limit MTBF of 77.9 hours and an upper limit MTBF of 210.5 hours. There is an &)
percent probability that the true MIBF will be boundud by this interval (there is also a 90 percent
probability that the true MTBF of ‘the sample equipment is equal to or greater then 77.9 hours, and
a 90 percent probability that it is equal to or less than 210.5 hours.? Demonstrated MIBF at

this point in the test will be reported as: = 80 percent (77.9/210.5) hours.

TABLE VIa. Demonstrated MT8F confidence limit multipliers,
{for failure calculation).
CONPIDENCE INTERVALS
"""" wg | Ted [ ed ]
T7of 0% | B0k B0k | 908 90%
TOTAL MAHSER LOWER UPFE LO:Z] UPPER LOJER  UPPER
OF FAILURZES LIMIT LLOT LIMIT LDAOT LpaIT LaMIT

| 1 801 2.80h | 621 kW81 | .b3h  9.b91 |
"""" P I P R SR e TR T
| 3T e Tase | ir01 1igsh | sew 2,722 |
T v | Bk 1.k | o125 .72 | -599  2.293 |
TS T (T8 1.316 | bk 1.608 | .626  2.055 |
T T T Tese 1328 | o759 1.531 | 647 1.90h |
T ["T8e3  1.29b | .17a 1.kq9 | .85 1.797 |
''''' 8 [ ae Tiizer | 82 135 | .80 1.718 |
77777 T e Ty o796 Lo | .63 1.657
T T eie 12 | o799 1.312 | .70k 2607 |

| "e82  1.215 | 806 1.389 | .13 1.567 |
T T ""886 1.203 | 812 1.329 | 723 1.533 |
| s ey e IR TURUIR
| T "TBsz 1.18% | .823 1.297 | 138 1.478 |
| T "T835 1176 | 828 1.28% | 785  1.556 |
77T (" 16 | 832 1.zme | oL L3 |
| oo 16 | e e | T T
T [""lg02 1157 | .8 1.253 | 763  :.50% |
| T  ooh 1152 | .83 1.k | 767 1.3% |
|7 T s 1wt | ek vew |T oMz 1w |
TR T 9 Ty | Bro 1aBs | 806 1.291 |
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4.6;3.2i1MTBF estimation at acceptance. This calculation shall be made when the test is ' -

‘terminated .in an accept decisfion,

o a. Calculate the observed MTBF (6) by dividing the total operating time of the equipment(s)
by the number of relevant failures. : '

. ‘b, _Enter TABLE VIb or | IGURE 5b with total failures and the specified confidence interval.
Read out the lower and upper conf!dence mul tiplier for that number of failures.

o c. Multiply observed TBF (’é)(calcmated by step a. above) by both the upper and lower
confidence multipliers to obtain the lower and upper demonstrated MTBF values.

d. Record‘demonstrated MTBF as the specified percentage of confidence followed by the
lower and upper MTBF values in parenthesis: @ = XX percent (lower 1imit MTBF, upper 1imit MTBF).
MIBF val“ue's:_ will be rounded off to the nearest; whole number.

e. If the values are not available in FIGURE 5b or TABLE VIb, then the correct values -can ‘

be obtained by computation as follows:

20
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. MTBF- muitiplier = 2r , lover Jimits

X ZG_%:_:_, 2#2)
= 2r
™)

2
x = Chi-square statistical distribution
¢ = confidence

, upper limits

where r = number of failures

Example: The specified confidence fnterval is 80 percent. The test reached an accept decisfon after
920 hours of testing with 7 faflures occurring during that period. Therefore, cbserved MTBF % 1
131.43 hours. Entering TABLE VIb with 7 faflures and the 90 percent upper and lower limits shows a
lower 1imit multiplier of 0,595 and an upper Yimit multiplier of 1.797. The product of these multi-
pliers with observed MIBF (é) ylelds a lower limit MTBF of 78.2 hours and an upper limit MIBF of
236.2,hours. There {s an 80 percent probability that the true MIBF fs bounded by this interval
(there is also a 90 percent probability that true MTBF of the sample equipment is equal to or

greater than 78.2 hours, and a 90 percent probability that 1t is equal to or less than 236.2 hours).
Demonstrated MTBF at the end of the test will be reported as: E = 80 percent (78.2/236.2) hoursq

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

TABLE VIb. Demonstrated MTBF confidence 1imit multipliers
’ Tfor time calculation).
CONFIDENCE INTERVALS
mTCTgE T T T[T 60¢ T T T[T Tsox
VA A I I A
TOTAL NUMBER LOWER  UPPER LONER PER
OF FAILURES _ _| _LIMIT _LIMIT__ | LIMIT LIMIT Q LIMIT _ LIMIT _
1 0.410_ _2.804_ 0.334 _ 4.48) 0.257 _ 9.49)
- %‘ T T T T T0.557 ")r %23 ~0.467 _'%‘ 826 _o_‘ZB'_ _3_’7§T_
- “““o‘.'sao .568 1 70.5644 N
) RN SN "0767'9232427'_'2_17.595_1’74’! -EEOE_ZZ%E_
T Ts T T T[Cecta 1376 _[C0.632 _T.608 _[ 0.538 _ 2.055
[~ "6 - 0.740_ 1.328_ _ [ 0.667 _ 1.537 _[" 0.570 ~ T.50% _
-7 - - - Tooyo- .29a” “[C6.68% _ T.&79 _ [ 0.595 " T.797 _
- BT Tor_Tveer_ [ 0.703 TT.A35 _ggg-Im_
__S_""TLZ 0.790_ 1.247_ _{ 0.719 _ 1.400 _| 0.634 _1.657 _
I [ D ___o 802" T1230” ~ 0.733 .37z ~ [ 0.649 _ 1.607 _
W ___"_"[To.8T2” Yo2is- T[[0.748 ~Y.349 [ 0.663 _ T.567
[ _ Y2 _ ___i ¢ 0.821_ 1.203_ _ [ 0.755 _ Y.329 _ [ 0.675 _ 1.533 _
3 ____ ___o_a_z_a_'\‘m “[fo.764 “T.912 [ 0.686 _ T.504 _
T A - - [ To.s3s” nsa_ — [ 0.772 _ T.2e7 _ [ 0.698 _ T.478
(T 5" "[To.sm_T1a7e. [ 0.760 ~ T.284 _["0.705 ~ T.456 _
T T e T 0.847_ g9 _[(0.787 _T.272 _[ 0.3 _T.43
T TC[Tosse s _f0.793_T.2e2 _[0.70 " T.A19
N bbb A e R A R AT
19 0.861 152 0.804 _YV.2¢4 [ 0.738 _ T.390 _
CZ 20 - CC[Cosee” 0T T[0.803 “T.27 " 0.740 _T.377
30 0891 175 0.8¢4 ~ 1.T8% 0.783 _ 1.29T ~
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S. DETAILED REQUIREMENTS
5.1 Conditions preceding the relijability qualification test.

5.1.1 Reliability prediction. If directed by the procuring activity and if not already
completed as required by other contractual documents, an updated reliability prediction of the
test hardware configuration may be required prior to the start of relfability testing. Failure
rate data sources shall be MIL-HDBK-217, RADC-TR-75-22 (AD-R005667) and GIDEP (in the listed
order of priority). Other failure rate data sources, including contractor inhouse data, shall
require procuring activity approval. The prediction report shall be approved by the procuring
activity prior to the pretest readiness review. In the event that the design proposed for testing
displays an undue risk (Qp low compared with 90), the design is not ready for test.

5.1.2 Reljability test plan document. The reliability test plan document shall be
completed and approval obtained from the procuring activity early in the program, in accordance
with the CORL, to allow adequate time for the preparation and approval of test procedures prior
to the reliability qualification test. See Data Item Description entitled Plan, Relfability
Test for List of Items to be covered, DID number DI-R-7033. .

5.1.3 Reljability test procedures. After approval of the reliability test plan document,
the {contractor 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
requiraments 1ist (CORL) (DD1423), before the start of the applicable test. Appendix D presents
considerations for use in the preparation of these procedures.

5.1.4 Reliability test plan and procedures. At the option of the procuring activity, the
reliability test plan document and the test procedures may be combined in :one docunent entitled
Relfability Test Plan and Procedures and submitted for approval in accordance with the CORL.

5.1.5 Thermal survey. Unless previously accomplished, a thermal survey shall be performed
on the equipment to be tested under the temperature cycle and duty cycle required in the
reliability qualification test procedures. The reliability test sample should not be used in the
thermal survey; otherwise the time thus accunulated constitutes a mandatory test screen on all
production equipments (see 5.1.8). However, if due to equipment availability and with the pro-
curing activity approval of such use, the time thus accumulated shall not constitute a mandatory
test screen on 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 ssabilization
takes place when the temperature of the point of maximum thermal iBertia is within 2°C of the
Tower test level temperature and its rate of change is less than 2 C/hour. Upper test level
temperature stabilization takes place when the rate og change of the point of maximum therma)
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 (DD1423), prior

to initiation of reliability testing. The equipment thermal survey need be made only once for
each identical equipment type representative of the manufacturer’s normal production under the
current production.

5.1.6 Vibration survey. Unless previously accomplished, a vibration survey shall be per-
formed on Category 1 equipment (fixed ground) to search for resonant conditions between 20 and
60 Hz in order that they may be avoided during the fixed frequency vibration test for the
reliability qualification test.

5.1.7 Test unit configuration. A}l 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 qualificatinn tests.
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5.1.8 Pretest readiness reviewz/. After procuring activity approval of the reliability test
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 wiil 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 conduct of 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 Teast 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 with 5.6.2 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-
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-
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 foYlowing summarizes and notes
additional considerations:

"a. The necessity of burn-in to stabilize failure rate before test.

. A1l equipment, including test units, to receive same burn-in.

Failures during burn-in do not count for accept/reject, but are to be eliminated
under the Correction of Defects clause.

".Duration of burn-in and failure-free interval to be determined, if any
Envirommental 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.

(o~ 4

[ K~

5.2 Inspection and surveillance. Surveillance visits to the contractor's facility, use of
procuring activity inspection personnel, and any other appropriate means for assuring compliance
with réliability 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,

5.3 Egquipment test cycle. During reljability testing, the eguipment on test shall be sub-
jected to repetitive test cycles similar to FIGURE 1. Typical combinations of enviromments and
test levels 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. ' :

. 5.4 Test facilities. Test facilities shall be capable of maintaining conditions specified
for the applicable test environments. Test instrumentation shall.measure equipment character-
istics to the specified accuracy for the duration of the test (see Appendix E).

. 5.4.1 Calibration. Both the envirommental 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.

3/ . , .
= 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 duration.

5.5.1.2 Reliability production acceptance test. If the contract or order does not define
what constitutes a Tot, 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
months' 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
equipments to be tested shall be representative of the entire lot from which they are selected
and selections shall be specified by the procuring activity. A1l 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-
teristics 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. When
a failure occurs, the equipment shall be repaired and testing resumed, preferably in that part of
the sequence where the failure occurred.

5.6 Failure actions. On the occasion of a failure, entries shall be made on the appropriate
data logs and the Tailed equipment shall be removed from test and repaired with minimum interrup-
tion to the equipments continuing on test. Failure actions 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. A1l failed parts shall be replaced; any part which has deteriorated but does not
exceed specified tolerance 1imits 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
equipment has been returned to operable condition, it shal) be returned to test with appropriate
entries in the data logs, and with minimum interruption to the other equipment continuing on test. The
absence of one or more equipments for the purpose of failure repair shall not affect the ability
to make decisfons from log data. Faflures discovered during equipment or sub-element operation
for troubleshooting purposes, {f not dependent on the basfic failure, shall be categorized and
recorded and {f not determined to be non-relevant, shall be considered as relevant multiple
failures having occurred at the same time as the basic failure. Modules and subassemblies shall
not be permanently replaced unless they have previously been designated as disposal at failure
ftems or as approved by the procuring activity. Temporary replacement of plug-in items may be
authorized by the procuring activity during troubleshooting and repair periods, when necessary
to permit reliability test continuation. Piece parts removed during repair shall not be
reinstalled when the reliability of the equipment could be impaired as judged by appropriate
quality assurance and workmanship practices.
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5.6.1 Failure categories. A1l failures shall be classified as relevant or nonrelevant.
Relevant failures shall be further classified as chargeable or nonchargeable. Classification
of failures will be proposed by the contractor and forwarded to the procuring activity for
approval as part of the test plan. See FIGURE 6 for example of failure categories.

5.6.1.1 Relevant failures.

a. Intermittent failures.
b. Unverified. Failures which cannot be duplicated or are still under investigation,

or for which no cause could be determined. _ -
c. Verified. Failures not otherwise excluded under 5.6.1.2.

'5.6.1.2 Nonrelevant failures.

a. Installatfon damage, ' ' o

b. Accident or mishandling. -

c¢. Faflures of the test facility or test-peculiar {nstrumentation.

d. Equipment failures caused by an externally applied overstress condition in excess
of the approved test requirements.

e. Normal operating adjustments (non-failures) as prescribed in the approved
equipment operating instructions.

5.6.1.3 Chargeable failures.

a. Intermittent faflures (IF).
b. Unverified failures (UF).
c. Independent failures to 1nc1ude
51 Equipment design (ED).
2) Equipment manufacturing (EM)
3) Part design (PD).
4) Part manufacturing (PM). N
5} Software errors (SE). NOTE: If software errors are corrected and verified
during the test, such errors shall not be chargeable as equipment failures.
(6) Contractor-furnished (CF) operating. ma1ntenance or repair procedure that
cause equipment failure.

5.6.1.4 Nonchargeable failures.

a. Nonrelevant failures.

b. Dependent failures counted with the independent failure that caused. them.

c. Failures induced by GFE equipment, operating, mafntenance or repair procedures.

d. Failures of items having a specified 1ife expectancy, when operated beyond the
défined rep]acement time of that item, , . )

INCIDENT

EQUIPMENT FAILURE WHICH CAN BE
XPECTED TO OCCUR IN. FIELD SER

- CLASSIFIED
NON-RELEVANT

TNDEPENDENT FAILURE OF CFE PLUS — A CLASSIFIED
EPENDENT FAILURES CAUSED THEREBY ———  *LHON-CHARGEAB! E,
CLASSIFIE
ARGEABL

FIGURE 6. Example of failure categories.
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5.6.2 Analysis of failures. Every equipment or part faflure abserved including
Government Furnished Equipment (GFE) or parts which are tested with the equipment under test,
shall be investigated and analyzed to determine the cause of faflure. Analysis of GFE failures
shall be limited to verifying that the contractor's equipment under test did not cause the
failure in the GFE and the procuring activity shall be so notified. The investigation and
analysis of other than GFE faflures shall consist of any applicable method (such as test,
application study, dissection, X-ray analysis, microscopic analysis, or spectrographic analysis)
which may be necessary to determine the cause of failure. It {s the objective that no part or
unit may be removed from any equipment involved in the relfabflity 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 limits, 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 activity for close study. Repair where a good
part was replaced made under the above conditions shal) not be counted as a relevant failure,
if the original failure symptom recurs during the next measurement opportunity at the same
environment in which it failed originally, and if the erroneously replaced part cannot be con-
firmed to be defective.

5.7 Determination of compliance.

5.7.1 General. Compliance shall be determined by the accept/reject criteria of the approved
test plan and procedure. 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, using the applicable accept/
reject criteria. Test time is equipment operating time or exposure time, as appropriate, and
shall be recorded as accunulated unit test hours. A decision 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 accept decision shall not be made at a point where any single equip-
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 qualification phase. When an accept decisfon is reached by
satisfying requirements n accordance with the specified test plan and procedure for the
reliability qualification test, the equipment design has been qualified for production with
respect to reljability. This does not mean that @_ has been achieved, but that there is a high
probability that 8; has been exceeded. 0

5.7.3 Accept in production reliability acceptance phase.

5.7.3.1 Production lot sampling test. If an accept decision is reached on a lot sampling
basis by satisTying the requirements of the specified test plan and procedures, all equipments
in that production lot are accepted. The reliability test units shall be resubmitted to their
individua) performance acceptance tests. When refurbishment of test units is required, see 5.11.

5.7.3.2 Al equipment reljability test. Under all equipment production reliability
acceptance testing, all equipments that complete their specified test duration satisfactorily
shall be accepted until the reject line of Test Plan XVIIIC is crossed (see 4.5.4).

5.7.4 Reject in reliability qualification phase. If the qualification test results in a
re{ectigicislon, the equipment design has nol been qualified for production with respect to
reliability.

5.7.5 Reject in réliability production acceptance phase.

5§.7.5.1 Production lot sampling test. If a reject decision is reached on a lot sampling
basis, all equipments In that Jot are noncompliant, and further acceptance shal) de discontinued.
Corrective action shall be as specified for non-compliance (see 5.9).
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5.7.5.2 Al1 equipmént reliability test. If all equipment production relfability
acceptance testing results in a reject decision by crossing the reject 1ine of Test Plan XVII,

further- acceptance. shall be discontinued Corrective action sha]l be as specified for
non-compliance (see 5. 9). v

5: 8 Verifying,repair. The contractor shall verify the effectiveness of the repair of
failed equipment before resuming reliability testing '

5 9 Corrective action. Corrective actions for all. faiiures shai] be detenmined and
recommended to the procuring activity. In the event of non-compliance (reject decision). or
when a pattern failure occurs, the contractor shall immedjately notify the procuring activity and
promptly develop and submit a corrective action plan based on the order in CDRL (DD 11423).
the event of non-compliance (reject decision), the corrective action plan shall address all
failures that have occurred during reliability testing. Changes of specified performance or
required reliability characteristics of the equipment are not corrective -actions. -Implemerntation
of the plan is contingent upon the approval of the procuring activity. See Data Item Description
entitled Plan, Corrective Action for List of Items to be covered; DID number DI- R-7038

5.10 Preventive maintenance. Preventive maintenance procedures specified for the equipment
during service use and Tisted in the approved test procedures shall -be performed:during the
reliability test. No additional preventive maintenance is allowed during the reliability test
or during equipment- repair-unless specifically authorized by the contract with respect to the

test. Preventive maintenance may be performed on. the test facility as: necessary to ensure
completion of the reliability test.

5.11 Restoration of -tested equipments. Upon completion-of re]iability tests, equipment
shall be refurbished as necessary to return to satisfactory operating condition unless other
disposition is directed-by contract. Failed parts shall be replaced and parts which have
deteriorated but do not exceed specified tolerance shall be replaced unless the procuring activity
directs otherwise. The equipments shall successfully complete the accaptance test procedures
prior to shipment. Unless otherwise specified by contract, the contractor shall furnish all
replacement parts required for refurbishment.

5.12 Test records. Records addressing both burn=in and test shall be maintained continu-
ously as specified in the approved test procedure. These records shall be.in general accord with
the recommendations presented in Appendix D and<sha11 include:

‘Test log and data record

Equipment failure record

Failure summary report

Failure tag

Failure identification/ana1y51s report
Failure cia551fication

“manooe

.5.13 Reliability test reports. No reports are required by this document unless they are
speCified by the contract or order. The contract or CDRL (DD 1423) will spec1fy reports in
accordance with MIL-STD- 781 the foliow1ng shall apply:

5.13.1 Periodic summary See Data Item Description entitied Reports Reiiability Test
and Demonstration for List of Items to be covered, DID number DI-R-7034.

5. 13 2° Fina) report. The final report shall be prepared after compietion of equipment
testing. - This report shall summarize all test results obtained during the contract and shall

include, but not be limited to, a failure summary and analysis, and a genera1 reliabiiity
anainIS

"~ 5. 13 2 1 Failure summary and analy51s Failure analysis of items shal] cover the detailed
diagnosis of each failure and include basic corrective actions identified, indicated or accomplished.
Each failure analysis 'shall be cross referenced to the consecutive failure numbers. Full
supporting data for all failures classed as non-relevant or test equipment shall be included.

See Data Item Description entitled Report, Failure Summary and Analysis for List of Items to be
: covered DID number DI-R-7041,
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5.13.2.2 6eneral relfability analysis of equipment. The final report shall include a
general analysis of the equipment reliability. A summary of pertinent data and information
shall be presented. Normally, graphs of the accept/reject criterfa with test data plotted

. thereon; of failures by equipment serial number plotted against time; and of observed MIBF

plotted against time (for the duratfon of the contract) are appropriate. A1l pertinent factors
should be analyzed carefully and appropriate conclusions or inferences including effects of
test enviromments presented to the procuring activity. An analysis of failures should include
categorization as described in 5.6.1.1 and 5.6.1.2.

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 specify the following:

a. Title, number, and date of this standard

b. Application (see 1.2)

¢. Classification (see 1.3)

d. When a production reliability acceptance test is not performed on each lot
produced (see 4.1.2) :

e. Specific profile of stresses to be applied during the test (see 4.3.1)

f. When stress types shall not be combined in the same chamber (see 4.3.2)

g. _The required test duration and number of consecutive failure free thermal
_test cycles (see 4.4)

h. Test plans to be used in preproduction relfability qualification and production
reliability acceptance test (see 4.5.2.1)

{. Sample size required for the qualificatfon phase test plans (see 4.5.2.3)

J. If other than 3 equipments per lot for the productfon reliability acceptance
test (see 4.5.2.3)

k. Confidence interval (see 4.6.2)

1. If the last-repair during burn-i‘ {s not to be verified by a failure-free

t(:pera;irlvgggeriod of at least two complete test cycles (vibration and temperature

see 5.1,

m. Preconditioning burn-in and envirommental stresses (see 5.1.9)

n. If an accept decision shall be made at a point where any single equipment of the
demonstration sample shall have accunulated less than one-half of the average
creditable test time of al) samples (see 5.7.1).

0. :f cogti-;t):tor is not to furnish all replacement parts required for refurbishment

see 5.

6.3 Data requirements. Deliverable data required by this standard is cited in the
following paragraphs:

Paragraph Dat2 Requirement Applicable DID
5.1.2 PLAN, RELIABILITY TEST DI-R-7033
5.1.3 PROCEDURES, RELIAGILITY TESTS DI-R-7035
5.1.5 REPORT, THERMAL SULRVEY DI-R-7036
5.1.6 REPORT, VIBRATION SURVEY DI-R-7037
5.1.9 REPORT, BURN-IN TEST DI-R-7040
5.9 PLAN, CORRECTIVE ACTION DI-R-7038
5.13.1 REPORTS, RELIABILITY TEST AND DEMONSTRATION DI-R-7034
5.13.2.1 REPORT, FAILED ITEM ANALYSIS ) DI-R-7039
5.13.2.1 REPORT, FAILURE SUMMARY AND ANALYSIS DI-R-7041
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- 6. 4 Chan es from previous issue. Asterisks are not used in this revision to identify
chgnges with respect to the previous issue, due to the extensiveness of the changes

Custodians:
. "~ Army-EL
. Navy-EC |
_ Air Force-ll
Review Activities:

‘Army-EL, MI,AR, AV
“Navy-AS, SH, 0S"

Air Force-Ol 10, 13, 17 19, 16, 18

Navy-AS, SH, 05
User Activities:
" Army-AT, WC, ME

Navy-
Air Force-

30

Preparing Activity:
NAVY<EC ‘
(Project No. RELI-0004)
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APPENDIX A *

RELIABILITY PROGRAM OVERVIEW AND THE
ROLE OF RELIABILITY TESTING

10. GENERAL

10.1 Scope. This appendix describes briefly a reliability program of the type desired by the
implementation of MIL-STD-785, applicable to development and production, including the necessary
environmental considerations and providing the program relationships to relfabilfity qualification
and acceptance testing.

10.2 Purpose. The purpose of this appendix is to provide the interrelationship of the relia-
bility qualification and acceptance testing to the total reliability program, and to highlight
those reliability activities that must be completed prior to such testing, if it is to be effective.

10.3 Program goals. The goal of the reliability program is to provide a high degree of con-
fidence (both ana!i%ica!ly and through testing) that the subject equipment will achieve satisfac-
tory relfability values in field service. A time-phased program which toward achieving this goal
s described in the following sections, and illustrated in TABLE A-I. This appendix does not in-
clude the necessary management structure or management tasks required to assure effectiveness of
the reliability program efforts, nor any contractually required reporting efforts.

20. APPLICABLE DOCUMENTS
MIL-STD-810 Envirommental Test Methods
30. RELIABILITY PROGRAM ELEMENTS

30.1 Requirements definition. Reliability is the probability that an item wil) perform its
intended funcgion Tor a specitied interval under stated conditions. It is fundamental that the

requirements for the item be fully defined, including the desired relfability, the definition of
perfonmange, Ehe required intervals, and the operational conditions. Representative tasks are
shown in TABLE A-I.

30.2 Design support. Beginning with the earliest engineering phase of the equipment design,
iterative reliagiiify %esign support tasks should be initiated. These tasks must be planned and
scheduled to provide design criteria in a timely manner, and to assess the potential relfability of
the design as it progresses. Representative tasks are shown in TABLE A-I.

30.3 Development support. During the development phase, the relfability model should be
updated and proaucgson mo%e% defined. The Failure Modes, Effects and Criticality Analysis (FMECA)
should also be updated. See TABLE A-1 for representative tasks.

30.4 gga11f1cation~sugg%rt. During all phases of the program, reliability support should be
provided for the planning of tests, failure recurrence control, assessment of test results, moni-

toring of reliability growth, and other supportive tasks, of which representative examples are
shown in TABLE A-I.

30.5 Production:sugggrt. During the production and deployment phase of the equipment 1ife
cycle, relia 'y support should be provided for monitoring of failures and failure recurrence
control, conduct of the reliability and environmental acceptance tests, and feedback of stockpile
and deployed equipment data for product improvement. Typical tasks are shown in TABLE A-I.

* THIS APPENDIX WILL.BE DELETED AND INCORPORATED INTO MIL-STD-785 WHEN IT IS CIRCULATED
FOR COORDINATION.
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40, RELIABILITY PROGRAM TASKS

40.1 Operational life profile definition. Each significant life cycle event should be ‘iden-
tified in terms of functions to be pertormed, operating modes, ON/OFF ‘cycling conditions, event
durations, equipment locations,- and eqiipment 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). ' : o '

40.2 Environmental requirements definition. A description of the environmental levels and
durations to be encountéred during each life 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 should be prepared for each .subsystem or unit to be subjected to
reliability testing in accordance with this document. Ce v . : v

" 40.3 Reliability requirements definitions. Quantitative reliability requirements should be
developed for each phase of the Iife cycle to allow the system to meet the systems effectiveness
requirements. ’ o : : '

40.4 Reliability allocation. The system reli&bility requirementé 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. . o

! 40.5 System effectiveness analysis. The basic requirements for the system should be defined
based on user needs, and other tactical considerations such as threat analysis, target 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 Derating Criteria, Preferred Parts Lists, Non-Standard 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 treated by the design group. } .

40.7 Design analyses. Independent assessments of the design should be performed as ihé de-
sign matureS To assure conformance to the design criteria, and to identify problem areas for design
resolution. Typical tasks include: electrical, mechanical, and thermal stress analyses (calcu-
lated or measured to assure conformance to the derating criteria or to established safety margins);
mechanical_and.electrical tolerance analysis (calculations to assure adequate production yields,
interchangeability, and achievement of specified performance); environmental analysis (design analy-
sis to assure that the desi?n is capable of surviving in the intended usé environment); Failure
Modes, Effects, and Criticality 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 Circuit Analysis (analysis of the system and its interfaces and ancillary equipment to
identify and eliminate latent paths which cause undesired functions or inhibit desired functions).

40.8 Reliability model definition. Block diagrams and reliability math models of the sySteﬁ
or equipment, depicting the functional interrelationships for satisfactory system performance,
should be recorded and maintained current as the design matures. ‘ .

. - 40.9 Reliability prediction. A prediction should be made of the reliability of the design to
provide confidence Ihat 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. A program should be implemented to assure that all parts and
materials used in the design have been qualified, including environmental, performance, reliabi-
lity, and quality considerations, and that all vendors maintain adequate quality assurance programs.

40.14 Oocumentation and change review. Production versions of the design disclosure draw-
ings and specifications should be reviewed to assure that reliability and quality assurance pro-
visions are properly controlled. A1l changes should be reviewed prior to incorporation to assure
that reliability will not be degraded.

40.15 Process control. Assembly procedures, 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 continuousTy 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 equ1pment procurement -an Integrated Test

Plan should be generated early in the program to gain.the greatest benefit from the various test

_ phases, which should complement each other and reduce duplication. .During the development phase,
after engineering tests have been completed and prototype -equipments have been built, the envi-,
ronmental qua11f1cation tests have to be carried out. The re]nab111ty growth test1ng, if re-
qu1red may beg1n in parallel with environmental quallflcat1on but any design changes required
to meet env1ronmental requ1rements must be incorporated in the preproduction units being used for
the reliability tests.

. To gain the greatest benefit from the failures encountered during the testing program a
closed-loop failure reporting analysis and corrective action system should. be implemented at the
beginning of the!first formal test, usually one of the envirommental qualification tests and it
should remain effect1ve through the production phase. The various types of testing to be covered

. in a full-scale development and production program are presented in the following paragraphs

, 40.10.1 Rel1ab1lity development testing. Sufficient testing should be conducted to provide

conf idence that the equipment reliability meets or exceeds the value of @ _. Th1s is a test,

‘analyze and fix (TAAF) type test and normally consists of a sequence of tgstxng, analyZIng all’

failures, 1ncorporat1ng corrective action, and retesting, with the sequence repeated until assur-

:nce }s obtained| {that the required re113b111ty can be demonstrated during the reliability quali-
1cat on test. k

40.10.2 En&ironmental development testing. Sufficient test1ng ‘should be conducted to pro-
vide confidence that the equipment will operate satlsfactor11y in the intended use enviromment.
Testing should lnclude exposure to both individual environments and combinations of env1ronments
This normally cons15ts of a sequence of test1ng, analyzing all failures, 1ncorporat1ng corrective
action, and retesting with the sequence repeated until the required capability has been ~
demonstrated. ; . . .

40.10.3 En&ironmental qualification test. Env1ronnenta1 qualificat1on tests should be con-

_ducted to demonstrate that the documentation package, the manufacturing procedures, ‘and the rel1a-
b111ty and qual1ty programs provide hardware which w111 function properly under the spec1f1ed
environmental cond1t1ons ,

40.10.4 Re11ab111ty qualification test (MIL STD- 781) Reliability qua11f1cat1on tests in
accordance with MIL-STD-781 should be performed to provide a high degree of confidence that the
hardware rellablllty meets or exceeds the requirements, .

2

. 40.10.5 Re11ab111ty acceptance tests (MIL-STD-781). Re11ab111ty acceptance tests should be
conducted either on a 1ot by-1of’samp1\ng basis or on an all equipment testing basis ut111z1ng an
.appropriate MIL- STD 781 test’ plan. ™ Such ‘tests will provide conf1dence that the hardware relia-
bility will cont1nue to meet requ1rements '

40:10.6 Burn-in_and screening tests. Burn-in and screening tests should be deve]oped and

* implemented at various levels of assembly, 1nclud1ng the end item, to assure that equipment pre-

sented for qualification or acceptance testing 15 free of workmanship defects and other 1nfant .
mortality problems.

40.11 Failure recurrence control program.” A program for the collection of faIlure data, the
analysis of the fallures to identify the causes, and the development, 1ncorporat1on and evalua-
tion of correct1ve actions to preclude failure recurrence should be implemented.

40.12 Trend analyses. Hardware performance data, reliability assessment data, and.failure
reports should Ee analyzed to identify and correct areas of specification 1ncompat1b1l)ty, unde-
sirable trends in performance or reliability, and otherwise undetected problem areas. -

35
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APPENDIX B
RELIABILITY QUALIFICATION AND
ACCEPTANCE TEST CONDITIONS

10. GENERAL

10.1 Scope. This appendix discusses the test conditions for reliability qualification and
acceptance tests, including the analyses necessary to establish conditions appropriate to the
particular system or equipment.

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

20. APPLICABLE DOCUMENTS

MIL-E-5400 Electronic Equipment, Airborne, General Specification
For

MIL-E-16400 Electronic, Interior Communication And Navigation
Equipment, Naval Ship And Shore: General Specifica-
tion For

MIL-STD-1670(AS) Environmental Criteria And Guidelines For Air
Launched Weapons

MIL-STD-810 Environmental Test Methods

MIL-STD-210 Climatic Extremes For Military Equipment

30. OEFINITIONS Not applicable.
40. MISSION/ENVIRONMENTAL PROFILES AND TEST CONDITIONS

40.1 Mission/envirommental profiles. The mission/environmental profiles should be used to
determine the equipment’s envirommental specifications. The mission profiles to be included are
derived from the operational life profile as defined by the stated operational requirements for
the equipment/system 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/envirommental profiles and the equipment environ-
mental specifications by investigation of historica) data on similar equipment applications and
mounting platform(s). Each significant life-cycle event must be considered: transporting, hand-
ling, installation and checkout, and each tactical mission (if more than one defined) to which it
will be applied, including platform category and operational situation.

40.2 Derivation of test conditions/levels. Test conditions/levels are derived from the
equipment's envirormental specitications and the life-mission profiles.

40.2.1 Reliability qualification and dcceptance test conditions. The statistical reliability qualifica-
tfon and acceptance !es%s are carried out under the combined envirommental conditions of electri-
cal input, temperature, vibration and generally humidity. The test levels for these various
- conditions are to be derived from the mission/environmental profiles for that particular equipment
in its field service application. When equipment is designed for one application with a single
mission or one type of repetitive mission, the test cycle profile is essentially the mission/envi-
romental profile. The test conditions are made to simulate the actual stress levels over the
durations present during the mission. If the equipment is applicable to several types of mis-
sions and envirommental 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 enviromments (especially temperature and vibration) mus¢
be measured at the location where tne equipment is to be mounted during an actual mission opera-
tion. Where such data, or similar data, are not available, the conditions and levels presented in
Section 50 of this appendix may de used as gquidelines.

k)
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50. CbMBINEb ENVIRONMENTAL TEST CONDITIONS

The env1ronmenta1 test conditions and stress levels are.specified for each category of equip-
ment classification: :

Category 1 Fixed ground equipment (see 50.1)
- Category 2 Mobite ground vehicle equipment (see 50.2)
Category 3 Shipboard equipment (see (50.3) '
: N A. Sheltered i ,
' " B. Unsheltered
Category 4 Equipment for jet aircraft (see 50. 4) :
Category 5 Turbo-prop aircraft and helicopter equipment (see 50 5)
Category 6 Air-launched weapons and assembled external stores (see 50. 6)
l

50.1 Combined enviromments for fixed ground equ1pment

50.1.1 General Equipment designed for fixed ground 1nstallat1on is generally located in a
controlled environment within a building and therefore does not require cyclic environmental cri-
teria for testing ‘However, such equ1pment does have to be transported to its final installation
site; therefore, a nominal ‘vibration test is to be applied, with power off, before each reliabi-
1ity test. Contractual]y specific operating conditions and environments shall be used durlng the
reliability qua11ficatlon and acceptance tests. If none are specified, the envirommental cri-
teria presented 1n the following paragraphs may be, used as gu1del1nes in preparing the test plan
and. procedures. ; _

50.1. 2 Electronic stress. The equipment shall be operated at nominal deSIgn 1nput power
voltage for 50 percent of the time, and at minimum and maximum input voltages for 25 percent of
the time, respectlvely Minimum range, if not specified, shall be nominal +5 percent to nominal
-2 percent. Length of operating cycle will depend on the operational use of the equipment - 4
hour shift, 8 hour shift, 16 hours per-day, or round-the-clock continuous operat1on with periodic
. shutdowns for routine malntenance . . .

50.1.3 Vibration stress. None required during operation. If the equ1pment is not packaged
specifically for transportatlon to its installation site, a nominal vibration stress shall be
applied as fol]ows- single frequency sine-wave vibration at 2.2 g pk between 20 and 60 Hz for
20 minutes for each equipment before starting the reliability test. If equipment has a spec1f1ed
shipping conf1guratlon, ‘it shall be qualified for adequate shipping protection by packing equip-
ment in its specif1ed configuration, and testing in accordance w1th the sh1pp1ng v1brat1on and
shock expected, before starting the reliability test.

50.1.4 Thermal stress. The equipment will be operated at 1ts spec1f1ed ambient temperature
condition. IT not speci?i d, use thermal condition A, B or C as appropriate.

A - InLtalled in an occupied building with air conditioning/heating automatically con-
. tro]]ed use 20°C as operating ambient
B - ste 40°C if not air conditioned but where summer heat could approach such a
temperature
C - 1If an unoccupied, non- a1r-cond1t1oned enclosure and in semi- trop1cal or trop1ca1
o locat1on, do.one_half of testing at 60°C, one quarter at 40°C, and one quarter at
20 c '
50.1.5 Hum1d1t1 None required unless specified in contract.

38
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50.2 Combined enviromments for mobile ground equipment, vehicle -mounted.

50.2.1° General. The specific application for the equipment shall be considered when speci-
fying the combined enviromments for relfability tests, for example, the type of vehicle and the
geographical region where it will be deployed. MIL-STD-210 shal) be used to determine climatic
extremes for the geographical area where the equipment and vehicle will be used. MIL-STD-810 can
provide guidance for the vibration requirements. Mounting platforms include tracked and wheeled
vehicles. Operating time on moving vehicle versus operating time while stationary must also be
considered in developing a cyclic test similar to the one shown in FIGURE B-1.

50.2.2 Electrical stress. The equipment shall be operated at nominal design input power
voltage for 50 percent of the time, and at minimum and maximum input voltages for 25 percent of
the time, respectively. Minimum range, if not specified elsewhere, shall be £10 percent of 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 equipment to
stabilize at the specified ambient temperature.

50.2.3 Vibration stress. Swept sine-wave vibration shall be applied over the frequency
range of 5 to 500 Rz for 15 minutes per hour of operation as follows: 1.0 inch (25.4 mm) double
amplitude (DA), 5 to 6.3 Hz, 29 from 6.3 to 500 Hz unless specific requirements are given else-
where. For example, if the equipment {s operated the majority of the time with the vehicle sta-
tionary, the vibration shall be applied for only a specific portion of the operating cycle.
MIL-STD-810, Test Method 514.2, Procedure VII] may be used as a guideline for vibration require-
ments.

50.2.4 Thermal stress. The equipment shall be operated at its specific ambient temperature
conditions from minimum to maximum as indicated in FIGURE B-1. If no ambient temperatures are spe-
cified, the following shall be used:

Cold soak temperature: -54°C (start of normal cycle)
Hot soak temperature: +85°C (every Sth cycle)
Operating temperature range: -40°C to +55°C

50.2.5 Moisture. Moisture levels sufficient to cause visible condensation and frosting
shall be used, when such.conditions can be expected in the field service environment of 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.

50.3 Combined enviromments for shipboard equipment.

§0.3.1 General. Shipboard equipment installed within enclosed operating areas of a ship are
not exposed to the extreme conditions of the unsheltered deck or super-structure and mast areas.
Therefore, the function of the equipment and its installed location determine the environmental
stresses. The following paragraphs shall be used if the environmental conditions are not speci-
fied in the contractual documents 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 FIGURE B-2 based on sprecified input voltage ranges for the equipment.
If not otherwise specified, the input voltage range shall be #7 percent of nominal designm voltage.
After refercncs mcosurements are taken at nominal voltage at room temperature, minimum voltage
shall be app'ied for the initial period of the operating cycle and maximum voltage during the
highest ambient temperature and for the balance of the cycle, nominal voltage shall be applied.
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"NOMI NLF_J—._____
LOW- - | INPUT VCLTAGE —I_
ON- , _ ' . : :
1”_] DUTY CYCLE . DUTY CYCLE
OFF ' '- '
| | ]
VIBRATION®' ~ VIBRATION
T
HIGH : ] \\
COLD HOT
SOAK SOAK
{on 5th
cycle)
LOW |

‘Al - Rate of chamber temperature change shall average 5°C/minute unless otherwise speéified

-=--==-- non-operating [ *15 minutes per hour-
i ' of operation. ’ .
| ~=———e— operating

FIGURE B-1. Typical enVironmentalicyclevmobileggrohnd~equipment.
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A. Rats of chamber tsmpersture changs shall svarage not less than 5°C/minuts but not grester than

10°C/minute.

FIGURE 8-2

Test cycle (typical shipboard).
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50.3.3 Vibration stress (continuous). The vibration stress to be applied shall be based on
the vibrations that may exist at the mounting platform. If these are unknown, the stresses for

either sheltered ﬁr unsheltered installations shall be:

Amp11tude .020 inch (DA) +.004 <inch (DA) (508 mm (DA) +.102 mm (DA)})
Frequency range: " 4 Hz - 33 Hz - 4 Hz

Sweep tlFe. 10 minutes *2 minutes (up and down)

The test shall be wun in a single axis to be spec1f1ed by the contractor in the test plan and
approved by the procurmg agency.

'50.3.4 Therma] stress. The temperature limits, minimum and maximum, shall be based on the
mission requirements ana'equ1pment_specvf1cat1ons If these are not thus specified, the equipment
shall be subjected to the thermal conditions listed in TABLE B-I, depending ‘on installation in a
sheltered or unsheltered mounting platform. -

| TABLE B-I. Thermal conditions.

: Environmental . Operating Nonoperating
Range Condition °c T °C
1 Exposed-unsheltered -54 to +65 -62 to +71
2 Exposed-unsheltered -28 to +65 -62 to +71°
(ship)
3 ' Sheltered non-controlled | -40 to +50 . -62 to +71

environment (shore)

4 | Sheltered controlled 0to50 | -62to+71 - :
enviromment (ship or : :
shore)

\

The temperature cycle shall be similar to FIGURE B-2 unless otherwise spec1f1ed in the contractor
‘equipment specifications. /' In developing the temperature cycling requirements, the particular
stress levels, rates and frequencies of changes, and equipment ON-OFF and duty ¢ycles shall be’

as specified in the equipment specification. These particulars shall also be described in the
test plan and tesT procedure.

50.3.5 Moisture. Moisture levels sufficient to cause visible condensation, frost1ng. and
freezing shouTld Be specified when such conditions.can be expected in the field service environment
of the equipment under test. Humidity need not be held constant during the test cycle and may be
accomplished by mT1sture injection at appropriate t1mes in the test cycle.

Unsheltered shipboard equipment shall ‘be subjected to high humidity (prec1p1tat1on) during
each cycle so tha; visible condensation or frosting takes place. Sheltered equipment in a con-
trolled env1ronment shall be subject to condensation of moisture only if such conditions can occur
during actual operat1onal or standby conditions. <
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50.4 Combined enviromments for jet aircraft equipment.

50.4.1 General. For the purpose of this test, a generalized test cycle shall be used.
During this cycle the 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 from a cold environment and proceeds to a hot environ-
ment. The second starts in a hot enviromment and returns to a cold enviromment. The specific
test conditions for each Phase A through J will be determined by the type of aircraft into which
the equipment is to be installed; its location within the aircraft; the aircraft mission profiles;
the equipment class designation (in accordance with MIL-E-5400); type of cooling for compartment
in which the equipment is located (air conditioned or ram air cooled); and type of equipment
cooling (ambient or supplemental air).

50.4.2 Mission profiles. An individuval 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. When design
flight envelopes and specifically designated flight mission profiles are not available, the gen-
eralized mission profiles listed in TABLES B-I1, B-III, and B-IV of this appendix shall be used
as a basis for development of envirommental profiles for test. A typical fighter aircraft mission
time 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. With mission
profile information available, the following paragraphs shall be used to establish envirommental
conditions for test.

50.4.3 Envirommental test cycle formulation. The test enviromments are comprised of com-
bined thermal, vibration, humidity with input voltage cycling stresses. The test levels to be
used for each of these enviromments 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-of f, clinb, 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
envirommental conditions. .

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

The equipment to be turned ON and OFF at least twice before continuous power is applied to
determine start up ability at the extremes of the thermal cycle.

50.4.3.2 Vibration stress. Random vibration shall be applied to the equipment item desig-
nated for jet aircraft installation in accordance with 50.4.3.2.1. The randon vibration test tevel
for each phase of the test cycle shall be determined using FIGURE B-4 and TABLE B-V. (FIGURE B-S
shows the relationship between Mach numbers, altitude, and q). When an equipment is to be in-
stalled in more than one location in the aircraft or used in more than one aircraft, the highest
random vibration level computed for each test phase shall be used.

50.4.3.2.1 Performance test. The individual equipment test item or items shall be subjected
to randan vibration excitation in one axis. The power spectral density tolerances of applied vi-
bration shall be according to the randam vibration test paragraph of MIL-STD-810, Method 514.2.

The test item shall be attached to the vibration exciter according to the mounting techniques
paragraph of MIL-STD-810, Method 514.2. Equipment hard-mounted in service is to be hard-mounted
to the test fixture. Equipment soft-mounted in service shall use service isolators when mounted
on the test fixture. If service isolators cannot be made available during the qualification test,
isolators shall be provided with characteristics such that the {solator/equipment resonant
frequencies shall be between 20 Hz and 45 Hz with resonant amplication ratio between 3 and 5. The
acceleration power spectral density (g2/MHz) of appiied vibration, as measured on the test

fixture at mounting points of the test item, shall be according to TABLE B-V and FIGURE 8-4. The
duration of each phase of the tests shall be determined from the mission analysis.
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TYPICAL MISSION PROFILES

TABLE 8-11. Air superiority fighter.

|
i
\
|
|
|
|
\
|

, Test Percent Altitude q
Flight ﬂode‘ _ Phase* | Time- _(IOOOAft) ‘Mach Number (psf).
Ground Runup| (no AB) AF 4 0 to 0.5 0 | -
(with AB) ‘ B T v
Takeof f \ . B,6 5 0.5 to 1 0 to 0.4 - )
Climb (to 40,000 ft) 8,6 8 to 40 0.6 245
| : . : =
Cruise (500 ft) : C,H 6 .5 © . 0.8 900"
(20,000 ft) 5 20 0.9 | 550
(40,000 ft) : 40 40 S 0.9 225
Acceleration , - C.H 4 40 to .50 1.7 " 620
Combat (500 ft) C,H ] .5 0.85 ' 900
(5000] ft) 1 5 0.9 1000
(10,000-40,000 ft) 2 10 to 40 2.0 1800
(50,0(\)0 ft) 3 50 2.5 1180
Descent ‘ D,I 8 40 to 3 0.8 445
Loiter l D,I 8 3 0.4 200
Landing | D,! 5 3t00.5
. |
*See FIGURE B-3.
TABLE B-III. Interdiction fighter.
Test Percent Altitude - q
Flight Mode Phase* Time (1000 ft) Mach Number (psf)
Ground Runup|(no AB) AF 4 0.5 0 -
(with AB) 1 0.5 0 -

. Takeoff B,G 4 0.5 to 1 to 0.4 - -
Climb (to 35,000 ft) B,6 5 to 35 .6 245
Cruise (500 ft) C.H 27 .5 0.8 900 ’

32 35 0.9 280

Accleration | C,H 3 35 to 50 1.7 620
|

Combat {500 ft) C.H 2 .5 0.85 900

(10,000-35,000 ft) 1 10 to 35 2.0 1800

(50,000 ft) 4 50 2.5 1180

‘ Descent D,I 6 40 to 3 0.8 445 |

“Loiter 0,1 7 3 0.4 | . 200
Landing D,1 4 3 to0 0.5 .

*See FIGURE B-3.
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TABLE B-1V.
Typical mission profile transport/cargo aircraft.
. Test** Time Airspeed q

Flight Mode Phase Percent Knots* {psf)
6round Runup AF ‘ 5 - -
Takeoff/climb 8,6 ] To 260 200
Cruise High Altitude 36K C.H 70 240 210
Medium Altitude 22K S 250 225

Low Altitude 1K 10 350 400
Descent/land 0,1 S 140 100

Knots Equivalent Airspeed
See FIGURE B-]
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FIGURE 8-4. Jet aircraft-random vibration test envelope.

4



" Downloaded from http://www.everyspec.com g
\
|
MIL-STD-781C
APPENDIX B’
21 October 1977
TABLE B-V. Jet aircraft - random vibration test.
Aerodynamic IndUEed V1bration ‘
‘uo = K(q)2 ‘ Dynam1c Pressure (when q > 1200 psf use 1200) (See 50.4.3.2.2a)
Wy = Wy -3 d8 _
‘ (FIGURE B-2 for Spectrum Shape) .
K ; Equipment location
67 x 1078 i Equipment attached to structure adjacent to external surfaces that are
smooth, free from discontinuities.
.34 x 10'8 w Cockpit equipment and equipment in compartments and on shelves adjacent
| to external surfaces that are smooth, free from discontinuities.
3.5 x 10'8 ; Equ1bment attached to‘structure adjacent to or immediatley aft of sur-
. | faces having d1scont1nu1t1es (that is, cavities, chins, blade antennas,
! and so forth) » v
1.75 x 10'8 1 . Equipment in compartments adjacent to or immediately aft of surfaces
: : having discontinuities (that is. cavities, chins, speed brakes, and so
1 forth
| ‘ .
3 SPECIAL CASE CONDITIONS
i ’ Fighter Bomber
 Condition equipmenl location N o ) )
Take off/attached Jo 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 engine compartment or adjacent to engine Forward of engine
exhaust plane (l minute) ‘
Cruise/(same as above) .025
Take off, landlng,‘maneuvers/wing and fin tips* decel]eration (speed A
brake) (1 minute) ’
High q (> 1000 psf)/w1ng & fin tips* . .02
Cruise/wing & fin tips* .01
‘Take off/all other [locations (1 minute) _ .002
. Cargo/Transport
Condition/equipment location B ‘ %
Take off/fuselage Aounted ' ‘ ' .01 )
Take off/internal | . ‘ .005
' Take off/wing-Aft of engine exhaust** v .05
All/wing tip and fin twp*** v .01

* Use wing and fin tip spectrum - FIGURE B-4
**  Excludes Upper Surface Blown (USB) and Externally Blown Flap (EBF)
**  Take off, landing, plus 10 percent of cruise time
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FIGURE B-5. Dynamic pressure {q) as function of mach number and altitude.
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50.4.3.2.2 ? General notes.

a. Determ1nat1on of mission profile vibration levels. The vibration level for each
phase of the profile will be determined from TABLE B- V. A maximum of four W_'s
whll be determined by: (1) take off; (2) q_..: (3) q . ; and (4) q, Wher® Qpax

is the maximum aerodynamic pressure encount@?éd dur1nﬂ Qhe mission, nga1ly at 183
altitude, high speed dash: . is the aerodynaméc pressure associated with the
f{light phase that will genera@é a W_ above .001 g“/Hz, normally a cruise condition.

The fourth vibration level shall be determined by combining the vibration levels

calcu]ated for each of the other phases (climb, dive, combat, and so forth) having

levels above the minimum (see c. below ). An average q. shall be used for each
ﬂ1ght phase, that is, for a phase such as dive, the arithmetical average of the q
at the start of the dive plus that at the termination of the dive shall be utilized

(\qstart + qterm)/z = avg A H shall be calculated for each phase and flight

phases with W_'s above the m1n1mum shall be time weighted averaged to determine the
fourth vibration level
b. Cargo aircraft. Unless unusual mission profiles are determined, take off and

cru1se proflles (vibration levels) will be the only required vibrat1on levels
c. Minimum W, test level. The minimum W, test level shall be .001 ¢ /Hz If the cal-

culated test level is less than .001 g /Hz, vibration test is not required during
thls portion of mission profile.

d. - Optlon Maximum W. determined may be used throughout test

e. Gunfvre envirommen®. Not considered in this test. Should be considered in envi-

’ ronmental qualification test, if applicable (MIL-STD-810)

f. Compos1te vibration profile. Turboprop and jet aircraft usage; when equipments are
to be installed in both turboprop and jet aircraft, a composite random spectrum
shall be generated (see FIGURE B-6 for example, composite spectrum)

g. ang and fin tip, fuselage equipments. When equipment is to be installed in both
]Tcat1ons, a composite 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. A1l other equipments will use
50.4.3.3.2. The|duration of test cycle Phases E and J shall be long enough to reach stabilization
of temperature iT accordance with the stabilization of test equipment paragraph of MIL-STD-810.

50.4.3.3.1 {Supp]ementally cooled equipments. The flowrate, temperature, and dewpoint 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. The thermal enviromment external to the test item shall be in accordance with
50.4.3.3.2. ADuring chamber air heat up, the mass flow of supplemental air shall be minimum speci-
fied and held until chamber air cool down. BDuring chamber air cool down, the mass flow of
supplemental air shall be maximum specified and held until chamber air heat up.

' 50.4.3.3.2 Other equipments. The thermal stresses to be used in each test phase shall be in
accordance with FIGURE g-?. %IEEE B-VI, and applicable known mission profile (use TABLES B-II,
B-III, or B-IV iﬂ a mission profile is not available). An example of construction of a thermal
stress profile 1s}presented in Section 50.4.4. .

50.4.3.4 Humidity stress. Humidity should be specified to simulate the warm, moist atmos-
_pheric conditions especiaily prevalent in tropic climates. Moisture can be induced directly into
equiyment during flight in a humid atmosphere. Installed equipment is also subject to condensa-
tion. "veezing and frosting as a result of climatic temperature-humidity conditions.

50.4.3.4.1 Supplementally cooled equipment. The chamber air humidity shall be in
-accoraance with 55.5.3.3.2, Tﬁe suppiemental cooling air may be dried so that its dew point

30(':?836‘ below Lhe lower of the supplemental air or chamber air temperatures. .
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FIGURE B-6. Example turboprop and jet aircraft c site test spectra for equipment mounted
within the fuselage.
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50.4.3.4.2 Chamber air humidity. Humidity shall be injected into the test chamber from a
steam source or otper humidity 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 maintained and controlled until the end of Phase F. No further injection of
moisture is required for the other profile phases and humidity shall be uncontrolled. The humi-
dity shall be mainpained and controlled at 31°C or greater for each subsequent test cycle, Phase E
and F. Drying of chamber air shall not be accomplished at any time during a test cycle.

50.4.4 Example construction of environmental profile. - This-examp]é illustrates the use of

aforementioned information in the construction of a mission test cycle profile for an assumed

aircraft and equiphent. The example information is as follows.

a. Equiipment Class 2 in accordance with MIL-E-5400
- 'b.  Equipment installed in.air-conditioned compartment
c. Equiipment is ambient cooled (no supplemental cooling) o
d. Equlipment 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
a high performance dive in two minutes to intercept at 10,000 feet. After the
intercept, aircraft flies at high performance speed at 10,000 feet for five min-
utes, then climbs to 40,000 feet in 13 minutes, and cruises to‘base in 35 minutes
at Mach 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 ‘start of each step divided by the time
to achieve that stbp (time to climb, dive, idle descent). The temperature rates of change for

- each phase of this:mission examgle .is shown in TABLE B-XIII.

. i .
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 dewpoin% measurement should be maintained until the completion of Phase F, Ground

-Operation Hot Day.| For the remaining phases of the test profile, the humidity will be uncon-

trolled with no additional moisture injected. For repeated profile cycles, the dewpoint shall be
checked as above for Phase E. and F. o

ETectricél stress shall be in accordance with 50.4.3.1.

50.5 Combinéd environments for turboprop aircraft and helicopter~equipment.

‘ . B
50.5.1 General. The envirommental test levels described herein are analogous to those
occurring in aircraft with. turbopropeller engines and in helicopters and are applicable to equip-
ment mounted within the fuselage. The indicated stress values presented in the following para-
graphs shall be uﬂed only 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-810, Method 519.2 should be consulted.

50.5.2 Electrical stress. Input voltage shall be maintained at 110 percent of nomimal for
the first therma] cycTe, at the nominal value for the second thermal cycle, and at 90 percent for
the third thermal cycle. This cycling procedure is to be répeated continuously throughout the

i reliabi!ity‘deve1qpment test. "However, this sequence may be interrupted for repetition of input

voltage conditions related to a suspected failure.

The equipment to be 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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FIGURE B-7. Mission profiles for example.
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TABLE 8-VI. Thermal stress profile base.
Chamber )imits
Phase Test phase definition Duratfion Class Iy Class !Iy Ram cooledzi
A Ground Operation Cold Day 30 minutes -54°C -54°C -54°C
. 8 Take-Off Climb to Altitude ] TABLE B-VI] TABLE 8-VII TABLE B-XI
c R'ission Objective 1 TABLE 8-VII TABLE B-VI] TASLE B-XI
. D Idle Let Down & Landing 1 TABLE B-VIII | TABLE B-VIX TABLE B- X
E Ground Non-Operation Hot Day 3 7°c 71°¢C 71°C
F Ground Operation Hot Day 30 minutes 71°¢C nec 71°¢C
6 Take-Off & Climb to Altitude 3 TABLE B-VIII | TABLE B-VIX TABLE 8- X
H Mission Objective 1 TABLE B-VII1 | TABLE B-VIX TABLE B- X
1 Descent & Landing ) TABLE B-VII | TABLE 8-vII TABLE 8-XI
J Ground Non-Operation Cold Day 3 -54°C -54°C -54°C

v Duration based on afrcraft mission profile.

Temperature rate of change shall be that resulting from the mission thermal profile
construction except that the minimum used shall be 5°C/minute.

when stabilizatfon is reached determines the duration of these phases, in accordance

with the paragraph on stabilizatfon of nonoperating test temperature in the general
requirements section of MIL-STD-810.

TABLE B-VII. Cold day ambient temperature ]’Q for Class 1 and II equipment in air-conditioned
compartments. .

Altitude Temperature
(kK feet)
0 -54
2 -26
10 -26
. 20 -48
30 -50
40 -50
50-70 -50

8S
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TABLE B-VILL. Mot ddy

. Altitude : Temperature 1

(K feet) | (°C)

0' 88
1 lo -} 83
| 20 40
‘ 30 40
40 30

50 20

TABLE 8-IX. uot day amb nt t_g_ruture (‘C) for Class ll equiment in air-conditioned compartments.

Hach ‘
Number ce
N o f . High
Altitude 4 T T ) .| Performance
(K'feet) : . |€0.6 0.8 1.0 - 'I 0)*
0 ' n |n | n 95
10 56 .68 68 93
20 40 55 | 63 88
30 15°]36 | 56 80
40 5§ 10 ] 4 10
50 .5 .1 10 35 60
60 .. 5 .| 10 24 1 49 ‘
0 oo b 5.(-,;, ,‘10‘:. '.J!fl, L35
* Ambient cooled equipient must be turned: bi'f for 15 minutes after 30 minutes of operat1on at ‘

‘these temperatures to comply to the lntermittent Operation of nn.-e-saoo
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TABLE B-X. Hot day ambient temperatures (°C) for equipment in RAM cooled compartments.

Mach
number )
Altitude
(K feet) 0.4 0.6 0.8 1.0
—
0 48 60 75 95¢
10 i 38 L4 n
20 6 16 29 46
30 -15 -6 ? 23
40 -36 -30 <16 -1
50 -30 -1 .7 8
60 -3 -23 <11 4
70 : -30 -22 <10 S

* Ambient cooled Class 2 equipment must be turned off for 15 minutes after 30 minutes of opera-
tion at this temperature to comply with the Intermittent Operation requirement of MIL-E-5400.

TABLE B-XI. Cold day inbfent temperatures (°C) for equ!pugnt in RAM cooled compartments.

Mach
number

Altitude .
(K feet) 0.4 0.6 0.8 1.0
0 * 44 -37 -15 -1}
10 -18 -10 2 19
20 36 -28 -16 -2
30 -58 =50 -40 <27
40 -59 -51 -41 -18
SO -82 -76 -87 5%
60 -82 <75 ~66 -54
70 -§5 -58 -48 «35

s7
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‘ } ~TABL‘E,‘B':-'_XI:I.. Enviromlervltal profile data example.

‘Phasel Sodrce | < Test Phase Definition Temperature Duration
A (Gi‘ven) - | Ground Operation Cold Day ~-54°C (TABLE B-VII) | 30 min (TABLE B-VI)
B Mission Profile Climb. to 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 g Mission Profile | High Performance Dive to 1-26°C (TABLE B-VII)| 2 minutes
t " ; .. } 10,000 feet ,
@ i : . P . . >
é’ Mission Profile | High Performance Mach 1.0, |-26°C (TABLE B-VII)| 5 minutes
1 10,000 feet - o -
§ Missit‘)n Profile | Climb to 40,000 feet -50°C (TABLE B-VII)| 13 minutes
L . o
= | Mission Profile | Cruise to Base -50°C (TABLE B-VII)| 35 minutes
| , .
D Mission Profile | 1dle Descent to Hot Day 71°C (TABLE B-1X) | 15 minutes
! : .
E (G?ven) Ground Non-Operation Hot Day | 71°C (TABLE B-VI) *
" F (G‘ilven) Gfound Operation Hot Day 71°C (TABLE B-VI) | 30 min (TABLE 8-VI)
G Mission Profile | Climb to Altitude-Hot Day 56°C (TABLE B-IX) | 7 minutes
. e 30,000 feet .
‘Mission Profile | Cruise 30.0(__)‘0:feet : -} se°c (TABLE B-IX) | 23 minutes -
H - Mission Profile High Performance Dive to 93°C (TABLE B-IX) 2 minutes
] } .| 10,000 feet . L
‘§ Missibn Profile | High Performance, Mach 1.0, | 93°C (TABLE B-IX) S minutes
21 ! 10,000 feet: o
= o o
151 Mission Profile | Climb to 40,000 feet Mach 5°C (TABLE B-IX) | 13 minutes
- o : No. = 0.6 ‘
v ' : .
= Mission Profile | Cruise to Base, Mach No. 0.6 | -5°C (TABLE B-IX) | 35 minutes
I | Hi.ssirn Profile ] Idle Descent to Cold Day -54°C (TABLE B-VII)| 15 minutes
J | (Gi‘ven) ground Non-Operational -54°C (TABLE B-VI ) *

* Duration determined in accordance with 50.4.3.3.

|
%
|
|
|
|
|
|
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TABLE B-XI1I1. Example temperature change rates.

Mission
phase Calculatfon [P"¢/minfmum
8 -48 + 54 0.9*
7 .
Ist C step =26 + 48 n.
- 2
2nd C step| =50 *+26 -1.8*
13
) 71 + 50 8.1
15
I3 36 -7 -2.1%
7
Ist Hstep| 3356 18.5
2
2nd K step S5-93 - 6.8
13
1 S4-5 - 3.9*
15

* These absolute values are less than 5°C/minute, hence 5°C/minute should be used per Noté 2 of

‘ TABLE B-VI.
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TABLE‘ézXIV. ‘Caleulations for Vibratibh\test levels.

| + | Altitude | Mach [ Wo | Duration
Test anse -+ (feet) [ number (g°/Hz) | (minutes)
A Gro@nd Operation 0 ‘ 0 0 30
B Take Off o 0 0 .002 1
B Climb 1 130k 6 | L0006+ | 6
C Cruise ok | 1o | .00 23
c Divé ‘ 30-10 K 1.0 | .0035%* 2
c Intfercept 10 k 1.0 | .0067 5
c C11'|§rb 1 10-40 K 1.0-.6 | .002%* 13
C Crujse 40 k .6 | .00006* | 35
D Desai:ent ‘ | 40-0K ' ~.0004* 15

o

\ '
* In accordan#e 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
15

for major f?ight phases.

\
I

| . 60




TABLE B-XV, Final vibration test conditions for example.
Test Phase vzgil/’tt!;()m Level l(’:;';::::::)
A, F 0 30

8, 6 .002 1
8, 6 0 0
C, H .0012 23
C, H .0067 S
C, H .0022* 15
C, H 0 35
0, 1 ‘0 15
3 0 -

* Mix vibration level.
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‘ .

50.5.3 Vibration. For equ1pment 1nstalled in turbopropeller a1rcraft the sine-sweep vibra-
tion envelope 1n FIGURE B-6 shall be used. The vibration shall be applied dur1ng the thermal
cycle of FIGURE 8‘8 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 percent of the FIGURE B-6 levels. The frequency sweep rate shall be such as to
complete one comp?ete cyc]e {Tow. frequency to high frequency to low frequency) in 12.5 minutes.

For equvpment 1nstalled in helicopters without vibration isolators, the applled vibration

shall be swept sinusoidal 5 Hz -.2000 Hz - 5 Hz at an acceleration level of 2 g (peak) up to

33 Hz, then at 5/ g up to 2000 Hz. -For equipment that is to be installed on v1brat1on isolated’
panels or racks when 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 1nches - double amplitude) ranges from 0.2.inch (5.080 mm) at 5 Hz to 0.036 1nches _
(191g4 mm) at 33 Hz and cont1nu1ng to decrease as frequency increases per FIGURE 514, 2-3 of
MIL-STD-810.

| .
For equipment installed in Army helicopters, the following vibration shall be applied: Vibrate
at 0.05 -inch (1.27 mm) 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 shall take 15 minutes to go from 5 to 500 to 5 Hz. This shall be applied once for
every hour of equ?pment operation

50.5.4 Thermal stress. The general thermal test prof1le to be used is shown in FIGURE B-8.
This profile s lnuﬂates both a cold day and hot day mission, and together form one cycle. The .
thermal cycle is continuously repeated until the end of the, test. Prior to the start of the.
first thermal cycﬂe, or after storage at room ambient, the equ1pment shall be allowed to cold soak
for 1 1/2 hours aF the low temperature of the start of the next. thermal cycle. The temperature
extremes and procedure 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 f1own by turbocraft and heli-
copters . . ‘ ‘

e

50 5.5 Humidity stress. Humidity should be specified to simulate the warm, moist atmos-
pheric cond1t1ons\espec1a||y prevalent in trop1c climates, Moisture can be induced directly into
equipment during .flight in a humid atmosphere. Installed equipment is also subject to condensa-
tion, 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. ‘The suppTemental cooling air may be dried so that its dewpoint is 3°C +10° below
the lower of the supplemental a1r or chamber air temperatures.

50.5.5.2 Chamber air humidity. Hum1d1ty shall be injected into the -test chamber from a
steam source or other humidity source and controlled by a dewpoint controller or other humidity
measuring instrumentation. The humidity shall be introduced into the chamber in Phase D and
shall be increased as the chamber air temperature increases, keeping the dewp01nt 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 furthbr injection of moisture is required for the other profile phases and humidity
shall be uncontrol]ed This humidity procedure shall be repeated for each test cycle, phase D, E,
,and F. Dry1ng of chamber. air shall not be accomplished at any time during a test cycle.

" 50.6 Comb1ned'env{roﬁments for air-launched weapons and-assembled external stores.

50.6.1" Genéra] Environmental criteria and gquidelines for air- launched weapons and equip-
ment mounted Therein 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 helicopters are presented in MIL-STD-810, Method 514, TABLES 514-1V and 514-1VA.
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APPENDIX C
STATISTICAL TEST PLANS

10 GENERAL

10.1 Scope. This appendix covers the statistical test plans and the selection and use of
these plans. Uperational characteristic curves are.given for Probability Ratio Sequential Test
(PRST), fixed length and A1l 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
selection and application of the statistical test plans provided for reliability qualification
and acceptance testing.

20. SELECTION OF TEST PLAN

20.1 Prcbability ratio sequentfal test plans (PRST). Standard PRST plans should be used
when a sequential test plan with normal (10 to 20 percent) producer and consumer risks are de-
sired. Short-run high risk PRST plans 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 MTBF or
reject material with a very low MTBF more quickly than fixed length test plans having similar
risks and discrimination ratios. However, they provide no estimate of true MTBF, and total test
time may vary significantly. Therefore, program cost and schedule must be planned to truncation.

20.2 Fixed length test plans. The fixed length test plans must be used when the exact
length and Costs of test must be known beforehand and when it is necessary to obtain an estimate
of the true MTBF demonstrated by the test as well as an accept/reject decision. Most of the
fixed length tests are based on the same values of a and B and discrimination ratios as the PRST plans.

20.3 A1} equipment production reliability acceptance test. The all equipment reliability
acceptance Test is used when 1t 15 desired to have each equipment subjected to a relfability
acceptance test.

20.4 Considerations in selecting a test plan.

20.4.1 General. In the selection of a test plan (or test plans) for a specific procurement,
it §s recommended that the user of this document consider:

Tactical importance of the equipment

The maturity of the equipment and its planned life

Funding of the program

felivery 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 MTBF of sifiilar equipment

Performance of cost-time trade-off studies when considering the use of fixed length
test plans (by comparing the operating characteristic curves and expected times
for test completion)

-—-TJO a0 aAnTe
o v e P
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3d. CHARACTERISTICS OF THE STATISTICAL TEST PLANS ‘
I
30.1 Summary. TABLE C-I summarizes the test plans and indicates the expected duration of
the test provided the true equipment MTBF equals the design MTBF (Qo) for the PRST plans.
TABLE C-I. Summary of test plans.
Nominal |
Decision Discrimination ~ . Time to accept
Test plan| risks ratio Decision in MTBF (9l multiple)
PRST | : _ Minimum Expected ¥ Max imum
‘ if true MTBF=90 {Truncation)
IC 10% 1.5 6.60  25.95 49.5
1IC | 20% 1.5 4.19 11.4 21.9
111C | 10% 2.0 . 4.40 10.2 20.6
1ve 20% 2.0 2.80 4.8 9.74
'[o - 10% 3.0 3.75 6.0 10.35
VIC: 20% 3.0 2.67 3.42 4.50
VIIC 30% 1.5 3.15 ¢ 5.1 cq 6.8
VIIIC 30% 2.0 1.72 2.6 B
" FIXED LENGTH
' o B
IXC 0% 10% 1.5 45.0 *k
XC 10% 20% 1.5 29.9 *x
XIC 20% - 20% 1.5 21.1 *x
XIIC ~10% 10% 2.0 18.8 *x
XIIIC 10%  20% 2.0 12.4 **
XIvC - 20%  20% 2.0 7.8 ko
Xve 0% 10% 3.0 9.3 *x
XVIC 10%  20% 3.0 5.4 *x
XVIIC ‘ 20%  20% 3.0 4.3 *k
Xixc i 30% 30% 1.5 8.0 *k
XXC ; 30%  30% 2.0 3.7 *k
XXIC \ 305 30% 3.0 1.1 s

* The probablility that the decision will be an accept decision equals (1-a). The probability
that the decision will be a reject decision equals (a).

*%  For fixed-length tests, the expected time to a decision is actually slightly less than the
value given for truncation due to the possibility that the test will terminate in a reject
derision prior to truncation.

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

30.2 Basils of the test plans. The reljability test plans are based on two sets of parame-
ters: decision risks and discrimination ratio; both are covered below. The accept/reject cri-
teria of Test Plans IC-VIIIC are based on Wald's Probability Ratio Sequential Test (PRST); the
work of B. Epstein in Statistica) Techniques in Life Testing, Technical Report Number 3, pre-
pared under Contract Number 2163(00)(NR-042-018) for the Office of Naval Research; and the work of
B. Epstein, A.‘A. Patterson and C. R. Qualls 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;umptﬁon}that the underlying distribution of times between failure is exponential.
MILPHDBKZWOBfmiy be consulted for details on other test plans.
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30.3 Decision risks. The consumer's decision risk, B, is the probability that the equip-
ments with MTBF equal to the lower test MTBF, O,, will be accepted by the test plan. The pro-
ducer's decision risk, a, is the probability th&t equipments with MTBF equal to the upper test
MTBF, O0_, will be rejected by the test plan. In general, accept/reject criteria with low deci-
sion rifks will require testing for a greater number of equipment operating hours. fow decision
risks provide good protection against the test rejecting satisfactory equipment or accepting un-
satisfactory equipment. For each of 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 more nearly equal for
each plan. The decision risks of Test Plan XVIIC vary with the total test time (that is, trunca-
tion point) and have little significance as a reason for choosing this plan. However, it is inter-
esting to note that B approaches 0 percent, as total test time of Test Plan XVIIC §s increased.

30.4 Discrimination ratio. The discrimination ratio, as used herein, is the ratio of the
upper test MTBF (§_) to the Jower test MTBF (8,). The discrimination ratio is a measure of
the power of the tdst in reaching a decision q&ickly and is an essential parameter, together with
the decision risks, in defining 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
design limitations.

30.5 Standard PRST accept-reject criteria and operating characteristic 0C curves.
FIGURES C-1"through C-8 present graphically the accept-reject criteria for the standard PRST test
plans. Charts 1-8 present the OC and Expected Test Time (EVT) curves for each of Test Plans
IC through VIII C. The OC curves plot values of true 0, (MTBF) versus the probability of accep-
tance. The ETT curves plot values of true 91 (MTBF) ve}sus expected test time (time to an
accept or reject decision of each 91).

30.6 All equipment groduction reliabilit¥ accsgtance test, Test Plan XVIIIC. FIGURE C-9
presents the accept-reject criteria for les an an ar shows the corresponding 0C

curves.

30.7 Standard fixed-length test plans and OC curves. Test plans IXC to XXIC are summarized
in TABLES IV and V of Section 4.0 and corresponding OC curves are located in Charts 10 to 21.

The Pofsson formula for the OC curve is listed below.
K -
Fool Ty ( To)'
K=0 *
where

P(0 = the probability of accepting items with a mean life of @,
r_ = the critical (reject) number of failures,
To = the test termination time.

The quantity o is determined so that
P(e,) > 1 - a.P(8,) >8.
Elements of Reliability and Maintainability
Departrment of Defense
Joint Course

US Army Management Engineering Training Agency
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Decision Risks (Nominal) 10 percent
Discrimination Ratio 15 : 1
50 -
o 40F— L ‘
& CONTINUE :
=1 . ) ) Ty . N
] . ] . .
4 i N .
W .| REJECT l//’,/’ﬂ ACCEPT’ :
= ‘ 1. . -
2 2 - _ ‘ » |
- 7
g Expected. decision point
: for MTBF = @,
h4 ) o
K w2 30 40 80 60
| : : ’
TOTAL TEST'T'ME (IN MULTIPLES OF LOWER TEST MTQF.-Q" -
l Yotal Test Time® . ‘ Total Test Time® v
Number of Reject ' Accept " Number of Reject - Accept
Failures {Equal or less) (Equal or more) Failures {Equal or less) (Equal or more)
0 N/A 6.60 21 18.92 32.16
1 N/A 782 22 2013 . 3338
2 ’ N/A 9.03 <] 2135 ‘ 34.68
3 N/A 10.25 ' 24 2256 " 3879
4 N/A 1146 26 23.78 : . 37.01
5 NA©T 1288 2 24.99 - 3872
6 | .68 139 1) 2B 30.44
7 1.89 16.12 28 27.44 40.87
8 j 3t 16.34 29 2866 - . 4188
9 432 17.56 30 208 43.10
10 | ‘5.54 18.77 ’ N 31.08 - 44.31
" 6.76 ‘ 19.98 32 ) 32.30. 46.53
12 f 2.97 ’ 21.20 33 33.61 - 48.74
13 - . 8418 . 2247 k2] . 34.73 . 47.98 b
1" | 10.40 2363 36 3/94 49.17
15 11.61 24.84 36 37.16 ' 49.50
16 12.83 26.08 37 38.37 ) 49.50
7 14.08 27.29 ' 38 39.59 49.60 ;
18 16.27 ) 2.50 ) - 39 40.82 ' 49.60
19 18.49° 29.72 40 -42.03 '49.60
2 | 17.70. 30.93 au 49.50 N/A

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

FIGURE C-1. Accept-reject criteria for Test Plaﬁ IC.
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CHART 1 - TEST PLAN IC
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|
|
|
| Decision Risks (Nominal) 20 percent
: Discrimination Ratio 1.5:1
i
I 20
! ;
o0 : -
g 18 .»._ /
o] . . p
= ’ REJECT ) m
< . | / ]
W . . {
E - .
g i » y
z
o |
q
s Expected decision point
F S / for MTBF = @
- . ‘
5 10 15 20 - 30
TOTAL TEST TlME“(IN MULTIPLES OF LOWER TEST MTBF, 07)
Total Test Time* Total. Test Time"
Number of Reject: Accept Number of Reject Accept
Failures (Equal or tess)  (Equal or more) Failures (Equal or less) (Equal or more)
0 N/A 419 10 . -878 16.35
1 N/A 5.40 1 9.98 17.57
2 N/A . 6.62 12 11.19 18.73
3 24 7.83 13 12.41 . 19.99
4 1.46 9.05 14 ‘1362 - 2121
5 267 10.26 15 . 14.84 21.90
8 3.90 11.49 16 16.05 21.90
7 6.12 . 12.7% 17 . 17.28 21.90
8 6.33 ) 13.92 18 . 18.50 : 21.90
9 7.55 15.14 19 2190 N/A
® Total test time-is total unit hours of equipment on time and is expressed in muluples of the lower test
MTBF. [Refer 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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CHART 2 - TEST PLAN IIC
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Decision Risks (Nominal) 10 percent
Discrimination Ratio 20:1

16 - p-

. REJECT - 4
/

> 4

CONTINUE

":‘7 ACCEPT

~ Expected decision point {-
for MTBF = 8, ~

TOTAL NUMBER OF FAILURES

‘50 10 15 20
"TOTAL TEST TIME (IN MULTIPLES OF LOWER TEST MTEF, 6y)

Total, Test Time* " Total Test Time®

Number of Reject, . Accept Number of Reject Accept
Failures  (Equal or less) (Equal or more) Failres  (Equal or less) (Equal or inore)‘
0 N/A ) 440 ‘9 < 9.02 16.88
1 N/A. - - 5,79 10 -10.40 " 18.26
2 N/A 718 1 . 1179 -19.65
3 .70 8.56 12 13.18 20.60
4 2.08 9.04 - 13 ' 1456 20.60
5 348 1.34 14 15.94 .. 20.60
6 4.86 ‘12.72 15 . '17.34 T '20.60
7 6.24 14.10° 16 20.60 ’ N/A
8 7.63 16.49 ' ’ ,
* Totaltest 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-3. Accept-réject criteria for Test Plan IIIC.
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i

|

j .

’ Decision Risks {Nominal) 20 percent
‘» Discrimination Ratio 20: 1
i

\

|

|

7 v
REJECT / .
6 - /,.. .

5 : . - :
/ CONTINUE , -
: TEST
] | pd :

/ / ACCERT
2 P ‘ '

: Expected decision point .
1 . - for MTBF = 6, —_——

: B .
. ' v
\ ] '

~

2 4 6 8 10

TOTAL NUMBER OF FAILURES
w

TOTAL TEST TIME (IN MULTIPLES OF .LOWER TEST.MTBF, 84)

Total Test Time”

Number of Reject Accept .
Failures {Equal or fess) (Equal or more)

0 N/A 280
1 N/A 418
2 .70 C 558
3 208 6.96
4 3.46 8.34 .
5 4.86 ) 9.74 '
6 6.24 974 -
7 . 7.62 9.74
8 9.74 ' N/A

® Totsl test time is total unit hours of eduipmem 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-4. Accept-reject criteria for Test Plan IVC.

72



Downloaded from http://www.everyspec.com

MIL-STD-781C
APPENDIX C
21 October 1977

CHART 4 - TEST PLAN IVC
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R

r
“r

PROMBILITY OF ACCIPTARCR

1.0 .0 .0 8
TIIX NTBF EXPRESSED AS MATIPLES 05 9, @, .09,

b. .

IIMITIP VST TR LXPEISSLY AY MATIRES o
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Decision Risks {Nominal) 10 percent
Discrimination Ratio 30:1
7
6 v -
REJECT /
5 y AR

/ CONTINUE .
: | TEST -

/ | AccePt [
2 . B

L/ T~
1 L] Expected decisfm point i
_ / for MTBF = g,
3 6 e 12
* TOTAL TEST TIME (IN MULTIPLES OF LOWER TEST MTBF, 6,)
Total Test Time”
Number of Reject Accept R
Failures “ (Equal or less): . (Equal or more)’
0 - N/A ' a7s
1 N/A. . 540
2 57 , 7.05
3 222 8.7
4 387 ° - 1035
5 .652 . 1035
-] 7.17 ' 10.35
7 1035 - ‘ N/A

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

FIGURE C-5. Accept f‘eject criteria for Test Plan V(.
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CHART 5 - TEST PLAN VC
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|
I . _
| .
DJecision Risks (Mominal) 20 percent
D‘iscrimination Ratio 30:1
i
|
3Ir
] REJECT : .
x .
pos
=
< 2 =
S ,/ -
o«
-1 . ' CONTINUE ,
= TEST o
2 . ;
> ] . .
4 1 s
2 .
o) ) : ACCEPT
- . g _

Expected decision point
foai MTBF = 84

o . ] L

Q .75 . 180 225 - 3.00 3.75 450 5.26

TOTAL TEST TIME {IN MULTIPLES OF LOWER TEST MTBF, 81) .

Total Test Time"

Number of Reject . Accept
Failures _ {Equa! or less) (Equal or more)
o N/A ' 2.67
1 - N/A 1432
2 .36 4.50 :
3 450 N/A .

* 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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CHART 6 - TEST PLAN VIC
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Decision Risks (Nominal) 30 percent

Discrimination Ratio 15:1

| REseCT | / ‘ ‘ .

CONTINUE -
TEST - .
a8 . I

Expected decision’ point
for MTBF. = 8o

TOTAL NUMBER FAILURES

/

/ ACCEPT

1 2 3 a 5 K] 7

TOTAL TEST TIME (IN MULTIPLES OF LOWER TEST MTSF, ;)

Total Test Time"

Number of : Reject Accept

" Failures (Equal or less) (Equal or more)
0 N/A 3.15
1 N/A 4.37
2 " N/A 5.58
3 L2 6.80
4 243 680 ‘
‘, 5 .35 6.80 : :
.8 6.80 N/A -

* 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-7. Accept-reject criteria fo_r Test Plan VIIC.
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CHART 7 - TEST PLAN VIIC
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TOTAL NUMBER FAILURES
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Decision Risks (Nominal) 30 percent
Discrimination Ratio 2.0:1
4
3
REJECT
2 - /L
' CONTINUE A
TEST i
‘ ACCEPT
1 7
Expected decision. point
for MTBF = @o
1.0 .20 30 40

TOTAL TEST TIME (IN MULTIPLES OF LOWER TEST MTBF, d4)

Total' Test Time*

Number of Reject Accept
Failures (Equal or less) (Equal or more)
[+] N/A 1.72
1 N/A 3.10
2 N/A 4.50
3 45 N/A

* Total test time is total unit hours of equipment on time and is expressed in
muitiples of the lower test MTBF. Refer to 4.5.2.4 for minimum test time -
per eguipment,

FIGURE C-8. Accept-reject criteria for Test Plan VIILIC.
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CHART 8 - TEST PLAN VIIIC
ST T T
CPrEAATIFC CRARMTERISTIC Crave

Toa.

N5 2

TEOMALTLITY &0 ADCEPTASCL

N
} 84
Log, TR MISF LORESSED AS MATIRES OF O, 6, 6.0 9y

PRI el bt 5 A 15 W 12
Ty COUTO T ra can |

o

b
-~

LR Rat Py o

»
~

>

e

IFCITIR TENT YRR CIPETXIL AS MLTINLS OF

.
s

!

8l




Downloaded from http://www.everyspec.com

. MIL-STD-781C ‘ |
" APPENDIX C ‘
21 October 1977 R

' REJECT
7 LINE

: x BOUNDARY
15’./ 7 LINE

oY — :

REJECT - -1/

/ | | | |
. 4
L

TOTAL-NUMBER-OF-FAILURES —— — —— -
S

_ [ ACCEPT AND /7 3 ‘ .
CONTINUE W
| TEST/ |
5 / //
6.0 15 20 >
TEST TIME (IN MULTIPLES OF LOWER TEST MTBF, 1)

Total Test Time® : Total Test Time®
Number of Reject C Accept Number of Reject Accept
Failures (Equal or less) (Equal or more) Failures (Equal or less) (Equal or more)
0 N/A 440 9 9.02 16.88
1 N/A 6.79 10 10.40 . 18.28
2 N/A 7.18 11 11.79 19.65
3 .70 . 8.56 12 13.18 21.04
4 2.08 9.94 13 14.56 22.42
] 348 11.34 . 14 ETC ETC . ’ "
6 486 - 1272 ' 15 . . ‘ .
7 624 . - 14.10 16
8 7.63 1549 ’ .

*Total test time is total unit hours of equipment on. time and is expressed in mult»ples of the lower test MTBF
Refer to 4.5.4.1 for minimum test time per equipment.

FIGURE C-9. Reject-Accept criteria for Test Plan XVIiIC.
| )

|

|-

|

?

i
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CHART 9 - TEST PLAN XVIIIC.

OPERATIKG CHARACTERISTIC CURVES
N VARIOUS TRUXCATION TIMES
dd [ P (it M D -’

FROBADILITY OF ACCEPTANCE

. = o e o e oy g e P s R
’ mtmra\suﬂmsom'

PROBASILITY OF ACCEPTAKCE ¥S.
7 VEST TIME FOR VARIOUS VALUES OF

NIBF EXPRESSED AS MATIPLES OF Q
A IS ¥ |

FROBABILITY OF ACCEPTANCE

20 &
LENGTH OF TEST I8 MATIPLES CF Q'
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30.8 Alternative all equipment production reliability acceptance test plans. The following
figures and charts present a set ot all equipment production reliability acceptance test plans
{two-Tine test plans) which may be used for production acceptance testing in lieu of Test Plan
XVIIIC when it is desired to have a plan corresponding to some other PRST, if 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 and reject lines of the sequential tests do not follow the original Wald formulas.

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
Hines of the all equipments test will not 1ine up with the accept and reject lines of the correspond-
ing sequential test. The difference is in the separation of the lines. It is felt the original

Wald 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 complete set
of fixed-length test pTans for 10 percent consumer's risk (B), 20 percent B and 30 percent
B, respectively, covering a range of test times from very short to quite long periods.
To derive a fixed-length- test plan from these figures, choose the consumer's risk (8) desired and
turn to the appropriate figure (for example, FIGURE C-18 applied to 10 percent consumer's risk).
Based on the test time available, select the test criteria which is applicable to the situation.
As an example, a test plan with a consumer's risk of 10 percent and a tota) test time not to
exceed 9.3 multiples of the lower test MTBF s desired. Turn to FIGURE C-18 and reading down the
4th column entitled TOTAL TEST TIME (T) X LOWER LOWER TEST MTBF (67), find the test time closest
to 9.3 but does not exceed it. In this case, the test time would Eve 9.27 multiples of ;.
Reading across the row corresponding to 9.27 the test plan number fs 10-6. This test plan will
accept equipment 1f 5 or less failures occur during the 9.27 X 8y hours of testing. It will
reject the equipment if 6 or more failures occur during that perlod. The row also defines the
worst case {accept with 5 faflures) acceptable observed MTBF (8), for test plan 10-6 this value is
1.55 multiples of 8,. The discrimination ratios corresponding to producer's risks of 10 percent,
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 percent, the discrimination ratio is 2.05:1.
Similarly, for a producer's risk of 10 percent, the discrimination ratio is 2.94:1.

The procuring activity may select test plans from these tables, {f 1t is felt that such a test
plan §s more appropriate than the standard plans of Section 4.4,
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TOTAL NUMBER OF FAILURES

Downloaded from http://www.everyspec.com

Decision Risks @ = § = 10 percent

Reject line
Discrimination Ratio 15:1 7
50 ‘ ' £ S
4 // Boundary line
| 7 /
40 <« / ;
B K / , ]
REJECT Nl h
L d‘) :
30 o’&/ \Q:Q
: 3
\ A K ‘

2ACCEPT AND
20 CONTINUE
| / TEST,
10 // 4
| / A
/ .
10 20 30 40 50 60
1 TOTAL TEST TIME (IN MULTIPLES OF LOWER TEST MTBF, 01
‘ Total Test Time* Accs Total Test Time* A .
Number of| ' Reject - Accept Number of Reject cce?t‘h
Failures | {Equal or less} (Equal or more) Failures  (Equa) or less) (Equal or more)
0 N/A 6.95 21 18.50 32.49
1 N/A 8.17 22 19.80 33.70
2 N/A .38 23 21.02 34.92
3 N/A 10.60 24 22.23 - 36.13
4 ; N/A 11.80 25 23.45 37.35
5 N/A 13.03 26 24.66 38.57
8 034 14.25 27 2588 - 39.78
7 1.56 15.46 28 27.07 41.00
8 2.78 16.68 29 28.31 . 42.22
9 3.99 17.90 30 20.53 43.43
10 | 5.20 191 31 30.74 44.65
" i 6.42 20.33 32 31.96 45.86
12 } 7.65 21.54 33 33.18 47.08
13 ‘ 8.86 22.76 34 34.39 48.30
14 I 10.07 '23.98 35 3561 49,51
15 | 11.2¢ 25.19 38 36.82 50.73
16 1 12.50 26.41 37 38.04 - 51.94
-7 ‘ 13.72 27.62 38 39.26 63.18
18 14.94 28,64 39 4047 54.38
19 ‘ 16.15 30.06 40 41.69 55.50
‘20 12.37° 31.27 41 42.90 ~__56.81

*Total test nme is tota! unit hours of equipment on time and is expressed in multnples of the Iower test MTBF.
- Refer to 4.5 4.1 for minimum test time per equipment. :

|

|

| | | . |
FIGURE C- 10 Accept-Reject Criteria, derived froam Test Plan IC
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Decision Risks @ =

Oiscrimination Ratio
20

w15 - 5

« REJECT | <5

3 - q

x CONTINUE

< / TEST

w 10 -

2 / 4

3

Zz

4 /

=

(o]

[ 5 /

/ , _
5 10 15 20 25 30
TOTAL TEST TIME {IN MULTIPLES OF LOWER TEST MTBF)
Total Test Time® Yotal Test Time*
Number o Reject Accept Number of Reject Accept
Failures | (Equal or less) (Equal or more) Failures (Equal or less) (Equal or more)
0. N/A - 4.16 10 8.0 © 16.32
1 N/A 5.38 1 9.22 17.54
2 N/A 6.59 12 10.43 18.76
3 N/A . 7.81 13. 11.65 19.97
4 0.705 9.02 AL} 1287 21.18
5 1.92 10.24 15 14.08 2240
(] kRL 11.46 16 15.29 . 23.62
7 435 12.67 17 16.51 24.93
8 557 13.89 18 17.73 26.03.
8 6.79 16.10 19 18.95 27.26
* Total test time is total unit hours of equipment on time and is expressed .in‘multiples of the lower test MTBF.
Refer 104.5.4.1 for minimum test time per equipment. '
FIGURE C-11. Accept-reject criteria derived from Test Plan IIC.
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Total test
Number of  time-reject Boundary
failures equal or less line-test time

NA 4.3

N/A 5.78

N/A 7.166

N/A _ 8.55

1.15 9.938

2.536 11.324

3.922 12.7

5.308 14.096 )
6.69 15.48 -

| 8.08 16.86

10 9.47 18.25

n 10.85 19.64

12 12.24 21.03 ’ _ -
13 13.63 22.4

nu 15.01 - 23.79

15 16.39 25.18

16 17.78 ' 26.57

OONOAANHWN—=O

FIGURE C-12. Accept-rejéct criteria, , ' derived from test §lan Ii!c.
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Decision Risks @ = f§ = 20 percent

Reject line
Discrimination Ratio 20:1 .
‘ e
8 // '
7 /
A ,
> " dary line
6 \15%6?1 : ‘ . Boun av Yy .
- i REJECT < ‘ e
K < : N
w ) B
“ g 4 /‘ACCEPT AND 1313/
: x
z / CONTINUE -S'f’? ~
z A “TEST , /
] 3 <7
< .
b=
5 / /
N -
‘ . 2 v
i ! ///
2 4 6 "8 10

TOTAL TEST TIME (IN MULTIPLES OF LOWER TEST MTBF)

Total Test Time®

Number of Reject Boundary
: ) Failures (Equal or less) Line
i 0 ' N/A EE?)
“ .. 1 N/A 4.8
2 N/A 555
‘ -3 1.39 6.93
i 4 2.77 ’ 8.32
- 5 4.16 ) 9.70 :
: 6 5.54 11.09
” 7 6.93 1248
‘ 8 8.32 1386
‘ * Total test time is total unit hours of equipment on time and is expressed in multiples of -

the lower test MTBF. Refer to 4.5.4.1 for minimum test time per equipment,

FIGURE C-13. Accept-rejéct criteria derived from Test Plan IVC.
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Decision Risks @ = §= 10 percent Reject line _ Boundary line
R . : y: : , P
Dnscnmmat'-on Ratu? 30:1 - 7
| /7 Z.

! © ]
S , %,
| N ¥
; e’ <k
@ J
£ . L4
< / A A

REJECT / ; /
- ¥ ACCEPT AND ////’ *
CONTINUE
/ TEST

TOTAL NUMBER FAILURES

/

/ .

/

3 6 9 12

TOTAL TEST TIME (IN MULTIPLES OF LOWER TEST MTBF)

Total Test Time®

Number of Reject: Boundary
Faitures {Equal or less) Line
0 N/A 330
1 N/A 494
2 0 6.59
3 1.65 8.24
4 3.30 8.87
5 4.94 11.54
6 6.59 13.18
7 8.24 - 14,83

* Total test time is totai unit -hours of equipment on time and
is expressed in multiples of the lower test MTBF. Refer to
454.1 for minimum test time per equipment.

FIGURE C-14. Accept-reject criteria derived from Test Plan VC.
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Decision Risks a = B = 20 percent

Discrimination Ratio S 30 ;1 .
Reject line : Boundary line
' d . //

3 z : —

REJECT } -
2 7 - / &

ACCEPT AND e
CONTINUE
TEST

TOTAL NUMBER OF FAILURES

7

1 2 3 4 5 6 7

TOTAL TEST TIME (IN MULTIPLES OF LOWER TEST MTBF)

Total Test Time"

Number of Reject Boundary
Faitures (Equal or less) Line
0 N/A 2.08
1 N/A 3.73
2 1.22 5.38

3

287 7.02

' * Total test time is total unit hours of equipment on time and is ex-
pressed in multiples of the lower test MTBF. Refer to 4.5.4.1 for
minimum test time per equipment.

FIGURE C-15. Accept-reject criteria derived from Test Plan VIC.
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Decision Risks @ = B 30 percent

‘ Discrimination Ratio 1:5: 1 . Boundary line
L . Reject line /'
) : i . . Z.
M _ e | :
. 3/ o o
: LN & AR
5 — o — y )
" o é .
Y 'e/ \
REJECT | ° ~
n . . . - y .
g 4 - A
e
« / [
u .
- ) ACCEPT AND
] 3 . 4
S . |CONTINUE
z TEST .
2
'o- 2
2 /
: /]
! i
2 4 6 8 10°
TOTAL TEST TIME (IN MULTIPLES OF LOWER TEST MTBF)
" Total Test Time®
" Number of ) Reject " Boundary
. Failures {Equal or less) - Line
0 N/A 254 .
1 N/A - : - 3.76 z
2 N/A 4.97 ’
3 1.106 6.19
4 232 ' 7.40.
6 3.54 : 862
6 4.7 284 . s

* Total test time is total unit hours of equipment on time and is expressed.in
multiples of the fower test MTBF. Refer to 4.5.4.} for minimum test time

per equipment. :

FIGURE C-16. »Acceptfreject criteria derived from Test Plan VIIC.
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Decision Risks @ = f = 30 percent

Discrimination Ratio 20:1
Reject line
. -
4 z
/ Boundary line
REJECT d ' -
& y p

3}— A
« ¢ . .
3 A
2 U
« 2 ) : ACCEPT AND &
w / Q"\.
[+ . $6
P CONTINUE NG
2 TEST <*
I
5
ko

0 / - '

o 1.0 20 30 40 5.0 6.0 i

TOTAL TEST TIME {IN MULTIPLES OF LOWER TEST MTBF)

Total Test Time® .

Number of Reject Boundary
Failures {Equal or less) Line
] N/A 1.70
1 N/A 3.08
2 1.077 447
3 246 5.85

®Total test time is total unit hours of equipment on
time and is expressed in multiples of the lower test
MTBF. Refer to 4.54.1 for minimum test time per
equipment.

FIGURE C-17. Accept-reject criteria derived from Test.Plan VIIIC.
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© MTBF (x(el)i I
21 j‘,

FIGURE C-18. 10% COMSUMER'S RISK (B) TEST PLANS

10 :
LI
X
i EXAMPLE : ‘ : -
I TEST PLAN. . ©
8 ‘_Q ]0'6 “ .
" ACCEPT AT
g TEST TIME
Ll | 9.27
i 1]
‘ 1]
6 \ 4'- i
R i
Y [ I
I | : UPPER
JUOB 1 TEST

4 N e : MTBF (6,)

A N .FOR
ACCEPTABLE S [ AN O (1R : PRODUCER'S
OBSERVED (E AR B } I B » | RISK OF
MTBF & —|—* .0 ald A B , - 10% o

.2 - = i e my m el

4 T 'y } 'R I‘f‘i‘!’i : ,:{-}:;}3—;- ,Efzoz o
. LOWER TEST 2 3 Lsre 7O ‘. - N\ 302 o
~am ] 8] 9 10 111211314 151617 18{19 20 |-
- : ' 9&3‘?%“‘“?& . . ., . | A
e

0 4 . 8 12 16 20 - 24 28

TOTAL TEST TIME IN MULTIPLES OF LOWER

\,

l' o . MIBF g3—* [’
. TEST MTBF (91)
| ’ N

TEST  NO. FAILURES TOTAL TEST 'ACCEPTABLE UPPER TEST MTBF (s,)
PLAN = ° """ " TIME(T) X LOWER  OBSERVED FOR PRODUCER'S RISK
NO'S  ACC.  REJ. TEST MIBF () -  MIBF 6 305 203 103
10-1 0 1 2.30 2,30+ 6.46 10.32  21.85
10-2 1 2 3.89 1.94+ 3.5 472 7.32
10-3 2 -3 5.32 1.77+ 2.78, 3.47  4.83
10-4 3 4 6.68 1.67+ 2.42 2.91 = 3.83
10-5 4 § 7.99 1,59+ 2,20 2.59  3.29
10-6 5 6 9.27 1.55+ 2.06 238 2.94
10-7- 6 7 10.53 1,50+ 1.95° 2,22 2.70
10-8 7 8 11.77 1.47+ 1.86 2.11  2.53 :
10-9 - 8 9 12.99 1.43+ 1.80 2.02 ° 2.39
10-10 9 10 . 14.21 1.42+ 1.75 ~ 1.95  2.28
10-11 10 11 15.41 1.40+ 1.70 1.89 - 2.19
10-12 11 . 12 16.60 1.3+ 166 1.84  2.12
10-13 12 13 17.78 1.37+ .63 1.79  2.06
C10-14 13 14 18.96 1.35+ 1.60 1.75  2.00
T010-15 14 15 - 20.13 1.34+ 1.8 1.72  1.95
| C10-16 15 16 - 21.29 1.33+ 1.56 1.69  1.91
| . 10-17 16 17 22.45 1.32+ 1.54 1.67  1.87
: 10-18° 17 18 . .23.61 1.31+ 1.52 1.62 1.8
, 010-19 18 19 . 24,75 1.30+, 1.50 1.62  1.81
. 10-20 19 20 25.90 129+ . 148 1.60 - 1.78
l R
| FIGURE C-18.

10 percent consumer's risk {B)test plans.
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FIGURE C-19. 20% CONSUMER'S RISK (8) TEST PLANS

MTBF (X(ey))

15 $
10 {—
EXAMPLE :
b TEST PLAN
- 20-6
8 L ACCEPT AT
\ TEST TIME
' 7.91
1
6 . —
s "
' UPPER
4 1" TEST
] ) MTBF (8,)
A FOR
A 4 8. PRODUCER'S
MTBF § - RS B RISK OF
2 = -og- 10% o
\ i £ 2 o i 0
Lower TEST | 9 L }l i!! , ""/—ggz a
MTBF o a
1 o b 7 8 9 |1011 1213j 14 1S5S 1637 1819 20
el .
..1’~’ ﬁa’: ;;\\.\W'E'el
0 4 8 12 16 20 24
TOTAL TEST TIME IN MULTIPLES OF LOWER
TEST MTBF ()
TEST  NO. FAILURES  TOTAL TEST ACCEPTABLE UPPER TEST WTBF (e,)
PLAN  ~  TIME(T) X LOWER  OBSERVED FOR PRODUCER'S RISK
NO's  ACC.  REJ. TEST MIBF (e4) MIBF & 30z 20%8 103
20-1 0 1 1.61 1.61+ 4.51 7.22 15.26
20-2 1 2 2.99 1.50+ 2.73 3.63  5.63
20-3 2 3 4.28 1.43+ 2.2 2.79 3.88
20-4 3 4 5.51 1.38+ 1.99 2.40 3.16
20-5 4 5 6.72 1.34+ 1.85 2.17  2.76
20-6 5 6 7.91 1.32+ 1.75 2.03  2.51
20-7 6 7 9.07 1.30+ 1.68 1.92  2.33
20-8 7 8 10.23 1.28+ 1.62 1:83  2.20
20-9 8 9 11.38 1.26+ 1.7 177 2.09
20-10 9 10 12.52 1.25+ 1.5 1.72  2.01
20-11 10 1 13.65 1.24+ 1.51 1.67  1.94
20-12 1 12 14.78 1.23+ 1.48  1.64 1.89
20-13 12 13 15.90 1.22+ 1.46 1.60 1.84
20-14 13 14 17.01 1.21+ 1.4¢  1.58 1.80
20-15 14 15 18.12 1.21+ 1.42 1.5 1.76
20-16 15 16 19.23 1.20+ 1.40 1.53 L73
20-17 16 17 20.34 1.19+ .33 1.51 170
20-18 17 18 21.44 1.19+ 1.38 " 1.49  1.67
20-19 18 19 22.54 1.18+ 1.37  1.48  1.65
20-20 19 20 23.63 1.18+ 1.35 1.46 1.63

FIGURE C-19. 20 percent consumer's risk ( § test plans.
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FIGURE C-20. 30% CONSUMER'S RISK {8) TEST PLANS

l
l

EXAMPLE -
TEST PLAN
8 30-6 -
ACCEPT AT
TEST TIME
7.00
-
6 {
i
' UPPER
4 1 TEST
P! MIBF (s,)
i FOR
ACCEPTABLE PRODUCER'S
OBSERVED 1 ] RISK OF
MTBF ¢ 2 : N :'% Yoy 0% 0
LOWER TEST 1l = %‘é%zkgg“g 298 2= =" 207 o
MTBF &) — e 2D 30% o
12 34475 6 178 9 101111213 1815 16 1714 1920 '
= “RedECT AT
6TH, FAILURE
0 4 8 12 16 20 24
TOTAL TEST TIME IN MULTIPLES OF LOWER
TEST MTBF (91)
TEST NO. FAILURES  TOTAL TEST ACCEPTABLE UPPER TEST MTBF {o,)
PLAN TIME(T) X LOWER OBSERVED FOR PRODUCER'S RISK
NO'S ACC.  REJ. TEST MIBF (o,) MTBF § 302 208 10%
30-1 0 1 1.20 1.20+ 3.37 5.39 11.43
30-2 - 1 2 2.44 1.22+ 2.22 2.96 4.59
30-3 2 -3 3.62 1.20+ 1.89. 2.35 3.28
30-4 3 4 4.76 1.19+ 1.72 2.07 2.73
30-5 4 5 5.89 1.18+ 1.62 1.91 2.43
30-6 5 6 7.00 1.17+ 1.55 1.79 2.22
- 30-7 6 7 8.11 1.16+ 1.50 1.71 2.08
30-8 7 8 9.21 1.15+ 1.46 1.65 1.98
30-9 8 9 10.30 1.14+ 1.43 1.60 1.90
30-10 9 10 11.39 1.14+ 1.40 1.56 1.83
30-11 10 - i1 12.47 1.13+ 1.38 1.53 1.78
30-12 11 12 13.55 1.13+ 1.36 1.50 1.73
30-13 12 13 14.62 1.12+ 1.34 1.48 1.69
30-14 13 14 15.69 1.12+ 1.33 1.45 1.66
30-15 14 15 16.76 1.12+ 1.31 1.43 1.63
30-16 15 16 17.83 1.11+ 1.30 - 1.42 1.60
30-17 16 17 18.90 1.11+ 1.29 1.40 1.58
30-18 17 18 19.96 1.11+ 1.28 1.3¢9 1.56
30-19 18 19 21.02 1.11+ 1.27 1.38 ‘1.54
30-20 19 20 . 22.08 1,10+ 1.27 1.36 1.52
FIGURE C-20. 30 percent consumer's risk (g test plans.
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APPENDIX E
TEST INSTRUMENTATION AND FACILITIES

10.  GENERAL

10.1 Scope. This appendix sets forth minimum requirements for test equipment and facili-
ties for the performance of reliability qualification and production acceptance tests.

10.2 Purpose. The purpose of this 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
cormencement of reliability qualification and production acceptance tests.

20. TEST FACILITIES AND APPARATUS

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

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

a. Maintaining the ambient and forced afr temperatures at the specified temperature
level #2°C during the test. The rate of temperature change of the thermal medium
in both heating and cooling cycles shall average not less than 5°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 interrupt the programming used in the automatic
control of temperature cycling unti) maximum 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 cooling, this flow should be maintained to prevent
overheating of equipment under test

b. Maintaining specified vidbration within plus or minus 10 percent for sinusoidal
sweep or single frequency and as follows for random vibration (see the Random
Vibratfon Test paragraph of Method 514.2, MIL-STD-810)

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

+100, -30 percent (+3, -1.5 dB) below 500
+]00, -50 percent (+3 d8) between 500 to 2000 Hz

except deviations as large as +300, -75 percent (+6 dB) shall be allowed over cumulative bandwidth
of 100 Hz maximum between SC0 and 2000 Hz.

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

20.2 Etquipment cooling. It §s {ntended that the equipment be cooled by means of its de-
signed-in cooTing system.  When 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 shal) 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: '

a. Be the type used operationally

b. 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- h1ghest ‘and

Cc. Be at the minimum temperature and the max imum 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

a. Be at a temperature in accordance w1th the required test level in the approved
- test procedure
b. Be at the minimum- rate of flow (per coolant input requirements in tested equ1pment
spec1f1catwon) at the highest chamber temperature, and
CC. 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 equ1pnent
under test, as listed in the test procedures

, 20.4v Cal1brat1on/accuracy. " Both the environmental and monitoring test facilities shall be
determined to. be in proper operating condition as specified in MIL-C-45662. A1l 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 facilj;i. Operate the test facility to determine that the test setup
operates properly under the required test conditions. Equipment other than the test samples

shal) be-used-to verify proper operation of the test setup unless otherw1se approved by the pro-
curing activity.

20.6 lnstal]at1on of test item in test facility. Unless otherw1se specified, the test item
shall be instaTled in the test {acility in a manner that will simulate service usage, making con-
nect ions ‘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
NOTES ON DATA REQUIREMENTS

10. GENERAL

10.1 Scope. This appendix provides notes for the guidance of the procuring activity in
generating the detail equipment specification and the contractua) data requirements.

10.2 Costs. Data requirements should be placed on contract only when review of the data by
the procuring activity at the contractor's facility is not cost effective. When data requirements
are included in the DD Form 1423, Contract Data 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 responsibility considerations. The detailed test procedures for demonstra-
ting a contractual reliability 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 procuring 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 to accomplish 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
position. Then the only recourse may be to fund correction of the deficiency or to accept the
less-than-required results. As long as the procuring activity confines itself to performance
requirements, including reliability, and does not dictate the design method for accomplishing
these requirements, the procuring activity is on firm contractual grounds.

20. ORCERING DATA

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

a. Equipment application and its mission profile. MNote: In lieu of a suitable mis-
sion profile, the procuring activity should incorporate the following items as
deliverables in the contract to enable the contractor to develop the mission/
environmental profiles
1. Environmental Development Plan {EDP)

2. Environmental Profile Report (EPR)
3. Environmental Design criteria Bocument (EDCD) as described in Section &
of MIL-STD-1670 (AS)

b Minimum test levels (if not readily obtainable from a.)

€. Maximum duty cycle of the equipment and equipment life desired

d. Equipment/system upper test MTBF(0,) and the lower 1imit unacceptable MTBF (9])

e. Standard Test Plan to be used {Section 4.4 of this standard)

f. The equipment operating parameters to be measured and the frequency of measurement

g. Specific definition({s) of failure for the equipment involved and instructions con-
cerning the replacement of deteriorated (but not failed) parts

h. Confi?e?ce interval to be used in estimating true MTBF demonstrated during the
test (0 .

1. Specific definitions for failure scoring in reliabflity calculations that ensure
consistency between laboratory and field results. Scoring should consider:

1. Failure free reference run prior to test to establish performance benchmarks
2. Parts removed in error
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3.  Failures occurring during fault isolation and repair actions

4. Failures occurring during environmental checkout following repair

(The above wil) reduce likelihood of definitional differences between demonstrated
and field MIBFs. 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 sampllng tests are used
Govermment furnished.eguipment list

Contractor test plan requirement

Test procedures requirement

Action in case of failure during reliability test .

Corrective action approval -
Preventive maintenance to be allowed during reliability tests

Supporting documents, with data and analysis =
Test report requirements’ ,

Instructions for disposition of equipment under test at completion of test

30. DATA ITEM DESCRIPTIONS

TV STOTVTO DT ew N
e s e e e a8 s T e s e

g . s

- The following listings of DIDS provides the source of possible data item descriptions and
. reportlng formats that implementation of MIL-STD-781C should reguire.

\Paragraph' o © Data’ Requ1rement Applicable DID

5.1.2 PLAN,. RELIABILITY TEST DI-R-7033

5.1.3 - PROCEDURES, RELIABILITY TESTS " DI-R-7035

5.1.5 REPORT, THERMAL SURVEY : DI-R-7036

:,, 5.1.6 REPORT, 'VIBRATION SURVEY DI-R-7037
. 5.1.9 REPORT, BURN-IN- TEST : : DI-R-7040
) 5.9 PLAN, CORRECTIVE ACTION DI-R-7038
5.13.1 REPORTS, RELIABILITY TEST AND DEMONSTRATION DI-R-7034

5.13.2.1 REPORT, FAILED ITEM ANALYSIS DI-R-7039

5.13.2.1 REPORT,. FAILURE SUMMARY AND ANALYSIS DI-R-7041

it s

&

B K g

X

e

E R

-

»
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