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FOREWORD

I I'is handbook 1s approved for use by all Departments and Agencies of the Department
of Defense.

2. This handbook is for guidance only This handbook cannot be cited as a requirement
If it is, the contractor does not have to comply

3. MIL-HDBK-781 contains test methods, test plans, and environmental profile data
presented in 2 manner which facilitates their use with tailorable tasks when annmnnaie

4. The testing of equipment procured for new military systems is an increasingly complex
nrocess Test methods, test plang, and test environments must be selected which will ensure that
cantractually rennired reliahilityv leveld are attained in the field and earlv defoct failiirec are
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sequential tests, fixed-duration tesis, and ali- equ1pmem iests. including a durabilitv/economic Life
Test. The sections on test environmental profiles provide typicai iest environments for fixed-
ground equipment, mobiie ground vehicle, shipboard, jet aircrafi, turbopiop and helicoptes, and
missiles and assembled external stores equipment The references provided will expand the user's
knowledge and aid in the design and implementation of reliability test programs through more
detailed data.

6. Beneficial comments (recommendations, additions, deletions) and any pertinent data
which may be of use in improving this document should be addressed to Commander. Space and
Naval Warfare Systems Command, ATTN: SPAWAR 052-2, 2451 Crystal Drive, Arlington, VA
22245-5200, by using the self-addressed Standardization Document Improvement Proposal (DD
Form 1426) appearing at the end of this document or by letter.
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1 SCOPE
1. I\ A
1 1 Ditemnnan This hondhAn ida ot smathade nend tant Aneiieansan nl
1.1 m 111> nanuv UUI\ PlUVlUC) lcﬁl IICUIUUD, I.CDL }Jlallb, allu I.DDI. bll\llUlllllCll al
profiles which can be used inr ehablhty testing during the development, qualification, and
i )

production of sysiems and equipment.

1.2 Applicability. This handbook expiains techniques for use in reiiability tests
performed during integrated test programs. Procedures, plans, and environments which can be
used in Reliability Development/Growth Tests (RD/GT), Reliability Qualification Tests (RQT),
Production Reliability Acceptance Tests (PRAT). Environmental Stress Screening (ESS)
methods, and Durability/Economic Life Test are provided.

1.2.1 Application of handbook. Data provided in this handbook is typical of reliability
test programs and may be specified in Department of Defense contracted procurements, requests
for proposals, statements of work, and Government in-house developments which require
reliability testing. This handbook is for guidance only. This handbook cannot be cited as a
requirement. If it is, the contractor does not have to comply

1.3 Method of reference. When referencing the test methods, test plans, and
e

environmental test conditions, the source is to be cited.

1 4 Eaninmeant cateanriec. The methode in thic handbaok are applinahlp to six broad
1.7 A MAMWAMMALL WA @I ALY & v Lou—unvuu mn u A0 Aalssm U Vv el w e Arwavaw s S wa v
categories of equipment, distinguished according to each equipment's field service application:
MNatarmme: 1 Tiva A nnnnn mA Arisvesant
o lch y 1. 1 IAV sluuuu C\.lulplllclll

Category 2. Mobllc ground cqmpment
Wheeled vehicie
Tracked vehicie
Sheiter configuration
Manpack

o0 8>

Category 3. Shipboard equipment
A. Naval surface craft
B. Naval submarine
C. Marine craft
D. Underwater vehicle

Category 4. Equipment for jet aircraft
A. Fixed-wing
B. Vertical and Short Takeoff and L.anding (V/STOL1.)
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Category 6. Missiles and assembled external stores
. Air-launched missiles 3
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3. DEFINITIONS

3.1 Terms. Terms used herein are in accordance with established guidance.

3.1.1 Corrective maintenance (repair). The actions performed, as a result of failure, to

restore an item to a specified condition.
3.1.2 Decision risks. Decision risks should be as specified in 3.1.2.1 through 3.1.2.3.

3.1.2.1 Consumer’s risk (B). Consumer's risk (B) is the probability of accepting
equipment with a true mean-time-between-failures (MTBF) equal to the lower test MTBF (8,).
The probability of accepting equipment with a true MTBF less than the lower test MTBF (8,)
will be less than (B).

sad ~ seadlee \FF/

3.1.2.2 Producer's nisk (o). Producer's risk (@) is the probability of rejecting equipment
which has a true MTBF equal to the upper test MTBF (8,). The probability of rejecting
equipment with a true MTBF greater than the upper test MTBF will be less than (a)

A TNt el _al . I\ e e ndl . el 1 A

3.1.2.3 Discrimination ratio (d). The discrimination ratio (d) is one of the stand
plan parameters; it is the ratio of the upper test MTBF (8,) to the lower test MTBF (6,) that is, d

=60/6l.

3.1.3 Mulupie fatlures. The simuitancous occurrence of two or more independent
failures. When two or more failed parts are found during troubleshooting and failures cannot be
shown to be dependent, multiple failures are presumed to have occurred.

3.1.3.1 Pattern faiiures. The occurrence of two or more faiiures of the same part in
identical or equivalent applications when the failures are caused by the same basic failure
mechanism and the failures occur at a rate which is inconsistent with the parts predicted failure
rate.

3.1.3.2 Prmary failure. An independent malfunction of equipment under test; a root
cause.

3.1.4 Measures of reliability. Reliability measurement should be as specified in 3.1.4.1
through 3.1.4.10.

3.1.4.1 Mean-Time-Between-Failure (MTBE). A basic measure of the system reliability
parameter related to availability and readiness. The total number of system life units, divided by

the total number of events in which the system becomes unavailable to initiate its mission(s),
during a stated period of time.

3.14. angmmd_MIBf_mmaL(&ﬁ Demonstrated MTBF interval (84d) is the
probable range of true MTBF under test conditions; that is, an interval estimate of MTBF at a
ctated ranfidance lousl
QlAalvu LUV LIVG IV Y AV

6
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3.143 Qbscmd_MIBL(ﬁL Observed MTBF (é) is equal to the total operating time of
the equipment divided by the number of relevant failures.

3.144 LQML[:SIMIBP_(.Ql)- Lower test MTBF (0,) is that value which is

unacceptable. The standard test plans will reject. with high probability, equipment with a true
MTRBEF that approaches (6;).

3.1.4.5 Upper test MTBF (8,). Upper test MTBF (8,) is an acceptable value of MTBF
equal to the discrimination ratio times the lower test MTBF (8,). The standard test plans will
. M : 3 - nt n;memen~nnnlhao te wsaliia /N
accept, with high probability, equipment with a true MTBF that approaches (8;). This value (8;)
ol a eanlictinnlle; attntmnlla lhacad A Avemactiaman need e lmae 6l oo
should be r a}lbtwa“y attainaoie, vasca on EXperience ana intormation
£ M__ A . _ 32 L48TTIY /7N A £TTYYT

3.1.4.6 Predicted MTBF (8p). Predicted MTBF (8p) is that value of MTBF determined
by relhiability prediction methods; it is a function of the equipment design and the use
environment. (6p) should be equal to or greater than (8,) in vaiue, to ensure with high probability,
that the equipment will be accepted during the reliability qualification test.

3.1.4.7 Observed cumulative failure rate (P(1)). The observed cumulative failure rate

(P(1)) at time t is equal to the number of relevant system failures N(t) accumulated by t, divided
by t.

3.1.4.8 Intensity function (P(r)). The intensity function (P(t)) is the change per unit time

of the expected value of N(t), the number of system failures multiplied by time t. This is written
as:

P(t) = dE(N(t))/dt

where E represents the expected value.

3.1.4.9 Instantaneous MTBF function (M(1)). The instantaneous MTBF function at t is

equal to the reciprocal of the failure rate function.

3.1.4.10 Observed reliability (R(1)). A point estimate of reliability equal to the

probability of survival for a specified operating time, t, given that the equipment was operational
at the beginning of the period.

3.1.4.11 Mean-Time-Between-Maintenance. A measure of the realiability taking into

account maintenance policy. The total number of life units expended by a given time, divided by
the total number of maintenance events (scheduled and unscheduled) due to that item.

T ayYy™— IR RS LI WE LY N
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nonenergized periods, and so forth.

depicts the time span of the event, the expected environmental conditions, energized and

3.1.6 Life-cycle profile. A thorough time-life description of the events and conditions



Downloaded from http://www.everyspec.com

MilL-HDBK-781
4. GENERAL GUIDANCE
4.1 Reliabilitv tact nrooram. The reliability test progr should be infpgratprl with other
W 4 AW lv‘luvl ll- bW NS l GIIVUIN Uw LV “Uuivu
development and production tests in accordance with this handbook The reliability tests should
be selected and tailored according to the type of item and for each appropriate acquisition phase.
3 1 Lttt .. ) _ - A

4.2 ntegrated reliability test planning. In order to avoid duplication of test effort and to
ensure that deficiencies are not overlooked, the integrated reliability test planning should define

procedures which ensure that reiiability data is derived from ail other tests. Integrated test
planning should consider a description of the test plans selected for use, the decision risks, and
the environmental test conditions, and should be keyed to the program life-cycle phases.

4.3 Environmental test conditions. The environmental test conditions to be applied

during the test and their variation with time should be representative of the field service and
mission environment of the equipment under test. This does not apply to ESS.

4.3.1 Combined environmental test conditions. Unless otherwise specified by the
procuring activity, the stress types defined in 4.3.1.1 through 4.3.1.5, should be combined in the

same chamber at levels and rates of change appropriate to the specified stress data. The
combined environmental test conditions profile should be developed in accordance with the
guidance provided in Section 5.

sration i1n accordance with th ngif'gd perating modes and duty cycles, and input vnltage

operation in accordance with the specified operating modes and dut es, and inpu
variation above and below the nominal operational value

43.1.2 ‘;’ '.“m'a‘,,'.Qn siress. Vibration test levels and profiles should be tailored to the
crmanifind tcabacd PRy oS RTINS Sy G g RPN EpIRRY [ RUIGIpEpIEY. PRI IP NI PRy S I’y s |
apcuﬁcu intended application of the equipment and should consider the mounting location and
all o Y LT Al e L£.._ £ .11 ™ L e oat . L _ 0t L o __ % __ 1 °_ .t o1 L% . . L
the uasbuu.uuon CalCgory I0r I11€1a use€. 1n€ 1aclors wnat Snouia o€ Consiacrea in e acimniuon o1

realistic vibration stress include a) type of vibration (sine sweep, complex, or random); b)
frequency range; c) amplitude; and d) manner and axis of appiication. The intent is to produce in
the equipment on test a vibration response with a character, magnitude, frequency range, and
duration similar to that produced by the field service environment and mission profile. The
mechanical impedance effects (the interaction of equipment, fixtures, attachment structures, and
shakers which would influence the laboratory simulation of the effects of vibration
environments) should be accounted for in establishing vibration levels for all tests.

4.3.1.3 Themmal stress. The thermal stress profile should be a realistic simulation of the
actual thermal environment that the equipment experiences in the service application. The
factors to be considered in the definition of thermal stress include; a) starting temperature (heat
soak. cold soak) and turn on (warmup) time; b) operating temperature (range, rate of change. and
frequency of chanéc ¢) number of temperature cycles per mission profile; and d) cooling airflow
(rate and fluctuation).

Qv al .....;.-»x
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4.3.1.4 Moisture. Moisture levels during the temperature cycles should be sufficient to
produce visible condensation and frosting or freezing, when such conditions can be expected in
field service. The humidity should be controlled during the test cycle and may be increased to
produce the desired result by injecting water vapor at appropriate times in the test cycle.
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a. Te mperarurc + 2°Celsius (C Fahrenheit (F)), afier th ’ﬁ’nai stabilization.
Vibration amplitude: bmusmdai, 10 percent. Random, as in Section 5.
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4.4.2 Calibration of test apparatus. The calibration of instruments, test equipment, and
chambers used to control or monitor the test parameters should be verified periodically. All

instruments and test equipment used in conducting the test should:

a. Conform to laboratory standards whose calibration is traceable to the National
Bureau of Standards of the U.S. Department of Commerce

b. Have a precision of at least one-third the tolerance for the variable to be
measured

c. Be appropriate for measuring the conditions concerned

4.5 Performance baselines. Both performance and reliability should be assessed in a test
program of statistically valid length under combined, cyclic, and time-varying environmental
conditions which simulate conditions expected in service use. This should be accomplished by

11 9111 LAV 3 b A 11 O1

demonstratine an accepmhle performance baseline, thrmuzh detatled nerfnrmance measurement,

NwiliVaidu RRALip 52 SN ISUIS Aty 2Q225S VoLl o2 A2 233A3LLE IR AIRIANRIEL

before the start of reliability testmg After completion of the demled performance

meoacnirameante calantad narfAarmancs tact artoeria choanld need durino the raliahilitv tact ta
HICASWIVITIVIILS, SVILLIVU PUIIVILIIALIVE IL0L Vilbiia SlIVWIU UL WowvU Uil WiV dLaiauliiny ot W
ancnira arrantalhla aAninmant narfAarmanca A1l nrotact anAd nnct_tact meacnramontec chnanld ha
VilSUulv avLLpPlaviv VYUIPLLGAL pPuliviiiialive. Jadl CILOL GliM PUILTIMOL LLvED W VilIVAIW SiiVUWIG U
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i Pretest performance. Prior to starting tests, the performance ievel of the test item
reiative to the specified requirements should be established and recorded under standard ambient
conditions. The pretest performance check should be made after installation of the item in the
test facility.

4.5.2 Performance during test. Performance data should be recorded for the test item
during each test cycle.

10
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4.5.3 Post-test performance. Performance data should be recorded for the test item at the
conclusion of the test.
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handling and operating instructions.
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4.0.1 LJORISIN aNd 1alulc ICPONILNE. A 1auuic [ Tt S1i0U10 O Iniiaiea at ui€ occurrence
of each problem or failure. The repori shouid contain the information required to permit
determination of the origin and correction of failures. The existing failure report forms should

inciude the information specified in a through c:

a. Descriptions of failure symptoms, conditions surrounding the failure, failed
hardware identification, and operating time (or cycles) at time of failure.

b. Information on each independent and dependent failure and the extent of
confirmation of the failure symptoms, the identification of failure modes, and a
description of all repair action taken to return the item to operational readiness

¢. Information describing the results of the investigation, the analysis of all part
failures, an analysis of the item design, and the corrective action taken to
prevent failure recurrence. If no corrective action is taken, the rationale for this
decision should be recorded.

4.6.1.1 ldentification and control of failed items. A failure tag should be affixed to the
failed item immediately upon the detection of any failure or suspected failure. The failure tag

should provide space for the failure report serial number and for other pertinent entries from the

item failure record. All failed narts shonld be marked consnicuouslvy or tacoed and controlled.

anure recorc. All laliegQ paris should be marxeq COnsSpicuousiy or 1289060 ang trol

Failed narte chanld nnt handled in anv mannar which mav nhliterate farte which mioht he
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failure

4.6.1.3 FEailure verification. Reported failures shouid be verified as actual failures or an
acceptable explanation provided for lack of failure verification. Failure verification is
determined either by repeating the failure mode on the reported item or by physical or electrical
evidence of failure. Inability to verifyv a failure is not sufficient rationale to disregard the
occurrence of a failure.

4.6.1.4 Corrective action. When the cause of failurc has been determined, a corrective
action should be developed to eliminate or reduce the recurrence of the failure. Repairs should

11
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be made in accordance with normal field operating procedures and manuals. The failure analysis
and the resulting corrective actions should be documented. The effectiveness of the corrective
action should be demonstrated.

4.6.1.5 Problem and failure tracking and closeout. The closed
system should include provisions for tracking problems, failures, analy

actions. Status of corrective actions for all problems and failures shoul
all times. Problem and failure closeout should be reviewed to assure thei dequacy

o
~
o

4.7.1 Failure classification. Failure definition and scoring criteria for classification of
failures should be agreed upon prior to start of test.
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5. RECOMMENDED RELIABILITY TEST METHODS AND TEST PLANS

5.1 Purpose. This section provides information and guidance for selecting methods and
plans for reliability testing.

5.2 Test planning
5.2.1 Integrated reliability testing. Integrated reliability testing should identify all tests

that provide data for evaluating the reliability of systems and equipment and should be part of the
overall program planning. An essential element of integrated reliability testing is to ensure that
mature equipment (both hardware and software) is available for final development and
operational testing.

5.2.1.1 Reliability growth planning.

Purpose. The purpose is to develop a reliability growth planning curve which
specifies the plan for achieving specified reliability values and which provides a means for
tracking reliability growth and monitoring progress as the test proceeds

Task description. A graphically portrayed reliability growth planning curve
should be prepared to indicate what the reliability value should be at incremental points
throughout the program to manage reliability achievement.

R;‘ﬁa“uﬂi“u' u"'Q‘u"‘u"x ‘m'ﬂ"‘"uu":ng" CUlve u":"x'g“'m’“‘p]“n:‘m. The féuaouuy ng‘v‘vm plann““mg

curve development should be based on data from prcvious development programs for items of
the same type being developed. These data should be analyzed to determine the length of the
reliability growth test period and io provide project management with a means of monitoring

progress during test. Detaiied guidelines are provided in MIL-HDBK-189.

Reliability growth curve preparation. The reliability growth curves should be
prepared as point estimates of each reliability parameter specified (that is, system MTBF,
mission MTBF, probability of success, and so forth) for the entire systems and each major
subsystem, as specified by the procuring activity. The vertical axis of the graph should portray
cumulative values of the reliability parameter of the system or major subsystem and the
horizontal axis should be in units of both calendar time and test time. Each test planned should
be clearly indicated. A growth curve is shown in FIGURE 1A.

R:habﬂnummh&msxzinmmxm Planned growth curves should depict

t specific points in calendar time and test time and

should be éoordinated wi{h the scheduled reliability program reviews. Values along the planned

growth curve should represent the planned reliability improvement as measured by a point
estimate. The MTBF value indicated by the planned growth curve at the end of any test program
(for example, RD/GT in FIGURE 1A should be achieved or exceeded at or before the end of that
test program. The starting point for the planned growth curve should be determined: 1) from

\

1

information of previous programs on similar svstems: 2) bv specifving a minimum level of

13
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reliability which must be achieved to conform to the specified requirements; or 3) by conducting
an engineering assessment of the design and any previous development test data. If historical
data are unavailable, the stating point may be estimated by applying a constant factor (K) (that is.
10 percent, 15 percent, and so forth) to the reliability predicted for the mature system. Every
effort should be made, however, to obtain information relevant to a realistic starting point prior

to applving a K. A second curve, called the Adjusted Growth curve, which reflects the level at
which the achieved reliability would be if the co..ccl-d failures were discounted, may alsc be
nrﬁ\);[‘ﬂl‘
ylvvluvu.
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/ p
e similarities and differences with the present program should be specified.

&

programs and

5.2.1.2 Reliabiiity Test Reviews. The status of reiiabiiity testing shouid be addressed at
all program review milestones.

5.2.1.2.1 Test Readiness Reviews. To assure that the test item and all supporting
elements are ready at the start of the test, a test readiness review should be planned and
scheduled at least 7 days prior to the start of any test.

5.2.1.2.2 Status reviews. Formal reviews should be scheduled as preplanned milestones
during the reliability test to permit the review of testing status and the results achieved to date.
The status reviews should be scheduled in accordance with the contract and should consider, but
not necessarily be limited to, the information specified in a through g:

a. Current reliability assessments and projections based on test results

b. Results of current problem and failure investigations and engineering
analysig

c. Preventive and corrective action recommendations

d. Potential design problems based on the preventive and corrective action
recommendations

o~ Qentrin Af cnthannteantar and citrnnliar Ar hAath saliahilityy AavalAanemant tacte

e O 18 Vi DUUVVUVLIU GALIVL Al O U Pl‘\v&, Vi UV W, lbll“ullll] S VWiV Jiliviib oo
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completion dates

5.2.1.2.3 uﬂ_c_qmm:ngmm A test compietion review shouid be conducted at the
completion of the test. This review should be conducted to evaluate the resuits of the test and
should consider the information specified in a through g:
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a. Current reliability growth assessments and achievements based on test
results

. Status of open problems and failures

Status of preventive and corrective actions

Status of previously assigned action items

Assignment of action items resulting from the review, including scheduled

222252 1ol

1.".0-.”0'

onmnletmn dates

5 AwStivow

VD Amnlinntinne mateiv Tha intarralatiAanchine ha aarn tha tant mq'LnAn nevd tant mlacn
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described herein and the reliability tasks titled as follows.

53 J_gﬂ_mﬂngqs Iviei'nods for vaiuaimg reliability growth during RD/GT and for

5.3.1 Growth monitoring method. Two growth monitoring (data evaiuation) methods are
described: the Duane Method and the Army Matenal Systems Anaiysis Agency (AMSAA)
Method. The Duane Method 1s a graphical and nonstatistical technique which can be used to
graphically plot changes in reliability. The AMSAA Method is based on the assumption that the
times between successive failures can be modeled as the intensity function of a nonhomogeneous
Poisson process. This intensity function is expressed as a multiple of the cumulative test time
raised to some power. The Duane and AMSAA methods are described in MIL-HDBK-189.

3.2 Durability/Economic life test. A durability/economic life test is described to

support determination of required maintenance events and required quantity of spares.

5.3.2.1 ESS evaluation methods. Two ESS evaluation methods are described which
a

provide a means to determine when the ESS procedure should be terminated. One of the

to
methods provides a technigue for calculating a required ESS time interval (which must be

......... g) prior to the start of the ESS. The second method makes use of
histori

satisfied to stop screenin

arhitrarv timec haced o
ar S based ¢

Vivals j sisaaw

5.3.3 Test plans. MTBF assurance tests and the standard test plans provide a wide
selection of tests suitable for tailoring to conform to the requirements of any reliability program.
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success (see paragraph 5.8).
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5.3.3.2 Standard test plans. The standard test plans contain statistical criteria for
determining compliance with specified reliability requirements and are based on the assumption

<

that the un d rlying distribution of times-between-failures is exponential. The exponential

assumption phes a constant failure rate; therefore, these test plans cannot be used for the
nirnncee nf phmwmﬁnn decion defects or infant mortality failures, The standard test nlang are ag
yw YVJU Vi Ul‘llllll“‘v.“b uvﬂlbll Ao AaaAvwa ml&.’ AWBES WSS WS ST FI\A-IIJ v o
notnqr\r‘onfl inat rnnrﬂn A

\.ulbbul 1w\ 1L G uuvubll AS Y

a. Probability Ratio Sequential Test plans (PRST) (Test Plans I-D through VI-D)
b. Short-run high-risk PRST plans (Test Plans VII-D and VIII-D)

c. Fixed-duration test plans (Test Plans 1X-D through XVII-D and XIX-D
through XXI-D)
d. All-equipment reliability test plan (Test Plan XVIII-D)

These statistical test plans are 10 be used to determine contractual compliance with pre-
establiched accent-reiect criteria and should not be used to nroiect equinment MTRF
pt-reject criteria and should not be used to project equipment MTBF,
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gl, KUl, FKA 1 and ESS shouid be seiecied from the maierial provmco in a mrougn f. The

test methods or test plans shouid be specified in the coniract and the equipment specification an
described, in detail, in the reliability test plan document.

a. The reliability growth monitoring method should be selected under conditions
where parameters of the time-to-failure distribution are expected to be changing
with time.

b. The ESS methods are to be used to eliminate early defects (infant mortality).
The Standard Environmental Stress Screen is a form of ESS used when it must
be verified that equipment, which has passed previous reliability testing, has not
been degraded by the production process.

c. The MTBF assurance test can be used to provide assurance that a minimum
specified MTBF has been achieved and that early defect failures have been

eliminated.
A f' ixed-duration test plan must be selected when it is necessary to obtain an
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when uncertainty in toiai test iime is reiatively ummponam This test will save
lest time. as compared (o fixed-duration test pians having simiiar risks and
discrimination ratios. when the true MTBF is much greater than (8,) or much
less then (0,).
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f. The all-equipment test plan may be sclected when all units of the production run
must undergo a reliability lot acceptance test.

These statistical test plans are to be used to determine contractual compliance with

established accept-reject criteria d hould not be used to project equxrpmen MTB
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5.4.2.2 Equipment quantity. The number of equipment to be tested, not necessariiy
simultaneously, shouid be determined as described herein or as specified in the contract.

a. Sample size (reliability growth and qualification). The sample size required
for the growih and quaiification phase iesi pians shouid be as specified in ihe
contract or as agreed to by the contractor and the procuring activity.

Sampie size (production reliability acceptance). Uniess otherwise specified by

the procuring activity, the minimum of samples to be tested per lot is three

pieces of equipment. The recommended sample size is 10 percent of the
equipment per lot, up to a maximum of 20 pieces of equipment per lot.

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

d. Sample size (ESS). Unless otherwise specified by the procuring activity,
selected development equipment and all equipment in production lots should
be subjected to ESS. In high volume production runs, the sample size from
each lot should be selected by the procuring activity. Initial lots should be
screened at the 100 percent level. Sample size on later lots may be reduced by

o
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5.4.2.3 Test duration. The test duration for RD/GT shouid be specil ied in advanc

the Government, in the request for proposal, contract, and specification. During the test
program, additional test time may be specified if needed to achieve reiiability goais. ESS time is
a variable, which depends on lot size, failure distribution of the early failures, types of
environmental stress applied. and stress levels. Some maximum allowable test time should be
used for test planning. For sequential test plans. test duration should be planned on the basis of
maximum allowable test ime (truncation), rather than the expected decision point. to avoid the

18
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probability of unplanned test cost and schedule overruns. Testing should 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. However, for the all-equipment
reliability test, testing should continue until a reject decision is made or all contractually required
equipment has been tested. Equipment ON time (that is, equipment operating time) should be
used to determine test duration and compliance with accept-reject criteria. Testing should be
monitored so that the times of failure may be recorded accurately. The monitoring
instrumentation and techniques and the method of estimating MTBF should be included in the
proposed reliability test procedures. Each equipment should operate at least one-half the average
operating time of all equipment on test. The duration of fixed-time tests should be specified in
the request for proposal, contract, and equipment specification. This test duration should be the
maximum allowed by the schedule and fiscal constraints of the program.

5.4.2.4 Decisionrisks. The consumer's risk (B) is the probability that equipment with
MTBF equal to the lower test MTBF will be accepted by the test plan. The producer's risk (a) is
the probability that equipments with MTBF equal to the upper test MTBF will be rejected by the
test plan. In general, the use of low decision risks will result in longer test time. However, low
decision risks provide protection against the rejection of satisfactory equipment or acceptance of
unsatisfactory 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 designated risks and to make the two risks more nearly equal for each
plan. The decision risks of the all-equipment reliability test vary with the total test time and have
little significance as a reason for choosing this plan.

5.4.2.5 Discrimination ratio (d). The discrimination ratio (d) is the ratio of the upper test
MTBF (8g) to the lower test MTBF (0,) and is a measure of the power of the test to reach a
decision quickly and, together with the decision risks, define a sequential test's accept-reject
criteria. In general, the higher the discrimination ratio (d), the shorter the test. The discrimination
ratio (d) (and corresponding test plan) Must be chosen carefully to prevent the resulting (8,) from
becoming unattainable due to design limitations.

5.5 Reliability development/growth evaluation methods.

a. The Duane Method was originally developed by J. T. Duane (see Reference 1).
This method makes use of a graphical and nonstatistical technique which provides a pictorial
presentation of the changes occurring in the measured reliability parameter. Numerical estimates
of the reliability parameter also can be obtained.

b. The AMSAA Method for evaluating reliability growth presented herein was
developed by AMSAA. This method is discussed in some detail in MIL-HDBK-189. Additional
information is provided in Reference 2. The AMSAA model was selected for inclusion in this
handbook because it is an analytical model which permits confidence interval estimates to be
computed from the test data tor current and future values of reliability (MTBF) or failure rate (A).
In addition, the model can be applied to either continuous (time) or discrete (rounds. miles)
reliability systems, single or multiple systems, and tests which are time or failure truncated.
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5.1 The Duane method. The Duane method is a graphical technique which is useful in

the analysis of reliability growth data. The technique is quick. simple. and easy to understand.

The Duane plot or graph can depict facts that may be hidden by a purely statistical analysis. For

example, a goodness-of-fit test may call for rejecting the AMSAA model, but will not indicate

possible reasons for the rejection. A plot of the same data may indicate some reason for the

problem. However, the reliability parameters cannot be estimated by the Duane Method as we
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addition, the Duane plot uses a straight line whlch is fitted by eye to the data points. The
graphical and statistical methods should be viewed as complementary techniques.
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C(t) = expected number of failures in (t) units of development testing
divided by (t)

F(t) = expected number of failures in (t) units of development testing
m = slope of the Duane plot

). = reciprocal of the ordinate of the Duane plot at (t) =1

r(t) = current failure rate

A; = average failure rate of grouped data in interval (i)

5.5.1.2 Construction of a Duane plot. The Duane plot can be constructed as specified in

a through g:
a Tha Tuiiana mndal ran ha avneracead 1n tha fArm
a. 111C LJualiv [1iIUuull vall U CAPIC)DEU 411 UL 1Vil.
C@ty=nm
where:
. FO
Clth= —

t

Since (F(1)) is the expected number of failures experienced by the system during (t) units of
development testing. it can be estimated by (N(1)), the observed number of failures during (t)
units. Therefore,

Nyt =w"

20
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is the observed relationship. This may be expressed as a linear relationship. suitable for plotting.
by taking logarithms.

In(N()/1) = In(d)-m In(t)

In(t/N@)) = min() - In (1)

Lo ¢~

An tha tantisnn saennecancans sanned ta Lant A7) ¢ tal srenitn A Amamntl e

« A UIC tcauus PKUSICDBCD, iCLVuiu Jo I\CPK vi \i}, Wic tuwal il vl Uyctuuuu
accumulated among all the systems. Thus, if three systems have been tested
for 100 hours each, t = 300. Record also is kept of (N(t)), the cumulative

number of faiiures experienced during the (t) units of operation.

\\\\\

cr

d. Using full-log graph paper, the values of (t) and (N(t)) are plotted on the
abscissa and ordinate, respectively.

e. if the piotted points form a reasonably straight iine, it can be conciuded that
the Duane model is a reasonable method for describing the growth pattern
observed.

f. After fitting a straight line through these points, (1) may be estimated by the
reciprocal of the ordinate at (t) = 1. The parameter (m) may be estimated by

ik = ToSSSSERES NTISy TEEE g FE FEEISSSES

o An A(‘f;mo o rTZ"mavy kﬂ mﬂAﬂ n“f‘\n rnrrant v ‘IIDC nf\/‘an IQ{"\ Of\f‘ 'kﬁ rﬂ;l“"ﬂ
E. Al Louddiaiv iiay Ul diaul Ul Uit CusiCiic vaiuld Ul 1vi i 05 (UL alil Uil anuic
rata (v/t)) hy smmaone Aftha ralatiamahing:
1 X184 \l\‘}}, UJ 11K DUl vialuvli llll]a.

o) ="/(1 - mA
and
r)=01-max™

Any extrapolations beyond the test period are sensitive to the assumption of using the Duane
model, and make the additional assumption that the program effort is to remain constant in the
ensuing period. The analysis of data from several identical systems being tested simultaneously
may be complicated by the fact that design modifications may not be introduced on all systems
simultaneously. This will result in a mixture of configuration ages which will make data analysis

more difficult.
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of failures encountered after selected periods of testing and the corresponding values of (/N(1))
are given below:

t N(t) tUN(t)
(hundreds of hours) - _
1.00 3 0.333
2.00 6 0.333
5.00 13 0.385
8.00 18 0.444
10.00 22 0454
The values of (t) and (t/N(t)) are shown plotted in FIGURE 1. The points form a reasonably
Straigh{ hﬂc, suggesting that the Duane model is ayyluyx iate for describ luhzg the growth pattern
observed. A straight line is then fitted through these points

The ordinate at (t) = 1 is 0.31. Therefore, A = 1/0.31 = 3.22. The arithmetic slope m =15

120

b 8 a rs A B MUS NS B SRR o V- S VaY Lo o WL I, 1 T B M 11
muimeers (Imim) diviacd oy ¥o mm = U.108. 11IuS may 4dlSo be€ dcicrminea oy:

In{0.445) — In(0.310)
= = 0.157
m in(10) — In(1)

10 +0.157

f1000) = (1 - 0 157320 1027 = 1 89 failures ner hundred hour
1000 = (1 -0 107)3.22) 1V 1.8 fatlures per hunaread hours
0 018Q fatluroc nor hour
Q.O18% failures per how
The MTBF expected at 2000 hours may be estimated as
2o+6.iﬁ
6(2000) = = 0.56896 hundred hours = 58.96 hours

(1-0.157X3.22)

This estimate assumes that the Duane model is valid for the growth pattern being experienced
and that the program effort is to remain constant.

5.5.1.4 Problems of plotting average failure rate. One disadvantage of plots, such as the

Duane plot which uses cumulative measures, is the fact that the most recent data tends to get
buried when 1t is combined with all the previous data. Plotting the average tailure rate ot

MAEE EFIZNEPEL/S TR Y
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selected intervals eliminates this problem. The lack of cumulative smoothing, however, does
make the average failure-rate plot much more sensitive to sampling variation. The average
failure-rate (1;) over any time interval is the number of failures in that interval (n) divided by the

total operating time in the interval (T;).

-
"
CIE

The choice of intervals is arbitrary, but they should se small enough to reflect trends, yet large
enough to afford some smoothing. The average failure rate is plotted as a horizontal line for the
appropriate interval. The test results used in the previous example are grouped into intervals and
the average failure rate is computed for each interval, that is:

Interval T, Ay

(Hours) Numhmﬁfaﬂum (Hours) (Eailures/hour)

0-100 3 100 0.0300

100-200 3 100 0.0300

200-500 7 300 0.0233

500-800 5 300 0.0167

800-1000 4 200 0.0200
Average failure rate over each interval is shown in FIGURE 1; however, FIGURE 2 provides a
clearer picture of the trend

5.5.2 The AMSAA Method A summary of the variables used in the AMSAA model is
given in TABLE II.

A w s~ s

any sngnmcant trend in the test resuits must be identified. Muitipie systems shouid be analyzed
on a cumulative test duration basis (time, miles, and so forth) by combining the failure data on
the multiple systems, as if they were a single system, and then analyzing the data as a single
system. If the period of observation ends with a failure, use the test statistic (j1) generated by
equation 1 in TABLE III. If the failure data is time-truncated, use the test statistic (1) generated
by equation 2 in TABLE 1Il. At the 10 percent (two-sided) significance level, p = 1.645;
therefore, if:

a. 4 <-1.645: Significant reliability growth is indicated at the 10 percent
significance level and the AMSAA model can be used for estimating

parameters of interest.

=

p >+ 1.645: Significant reliability decay is indicated at the

significance level. Corrective Ltlo 1S necessary.
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C. -1.645 <u <+ 1.645: The trend is not significant at the 10 percent
significance level and additional data should be accumulated.

For values near -1.645, some growth is indicated; for values near 41.645. some decay is
indicated; for values near zero, no trend is indicated. Additional testing should be considered in
these marginal cases.

Valie Dorrant laval Afcionifinnmnaa I(--yn-n:ll...l\
2 NO n-"

-J3.Uz7 v.L

-2.576 1.0

N YN ~ N

-£.2£L0 L.V
LN oVl aY ~ N

-1.70VU J.U

-1.645 10.0

-1.282 20.0

In practice, higher critical values will result in more test time but will yield a higher confidence
of reliability growth.

5.5.2.2 Reliability growth analysis. If significant growth is indicated, compute the

appropriate parameters using the reliability growth equations selected from TABLE III. Use
TABLE 1V as a guide for equation selection. Note that for small sample sizes, the recommended
estimate of (f3) is the unbiased estimate, (B), which is:

For failure-truncated tests, use equation 4

For faiiure-truncated tests:
- __.n
A= NX,

and for time-truncated tests:

;» = .'\‘y/’u(‘
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the AMSAA model to the particular test data being generated must be
dness-c f it test. First, the level of significance (ax of

Q
=3

a!ug gf tb est statistic (('f ») determined from TABLE
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a. If the AMSAA model is appropriaie, the system intensity function may be
estimated as a function of time by:

A A

;;(t) = iBts " (for large samples)
ﬁ(l) = iél‘n’" (for small samples)

The intensity function is equal to the derivative, at time (t), of the expected number of failures in
the interval (0,t).

b. Then calculate (p(t)) or (5(1)) at the end of the test (or at the point in the test at
which the calculation is being made).
c. From TABLE VI for failure-terminated test and from TABLE VII for time-

terminated test, obtain the two-sided lower confidence bounds (LN,Y) and

two-sided upper confidence bounds (U L. sY) for N failures and (v) percent

ot of it A=t LIS QA T ) eSSt

it

A

d. Compute the interval estimate of MTBF from:

¢

Lyt < < -
r "l‘ - M‘)

e. if the number of failures is 20 or more, the same percentiies may be used to
construct approximate confidence bounds on the future MTBF.
The MTBF is:

~

1

-

ICI(I) =1/p(1) (for large samples)

s/ 1=y 7

M(t)=1/p{t) (for small samples)

g. From the confidence limits on M(t) previously calculated. the corresponding
limits for (t) may be found from:

P = 1A,

Py = 1M,

to
N
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h. A poor Cramer-von Mises fit may be caused by jumps or discontinuities in the
growth pattern. A plot of the data may suggest whether a different.
continuous model should be considered; or whether program changes, which

may cause breaks in the growth pattern, should be investigated. When there
are jumps or discontinuities in the growth pattern, the AMSAA model may be

anplied in a niece-wise fashi The nraocedures are as described in 4 19 2a
d off of > r - ™ - - ssw r.vvv‘.mvv R W W W WAIWAAN WS L8 Vol vdmedeld

through 4.3.2.2g, except that the data prior to and following the time of
discontinuity (D) is treated separately. Thus, the earlier data is treated as a
time-truncated test, with T = D and the later data is treated separately after
subtracting (D) from each observed failure time. If a two-piece AMSAA
emvmAdal 0 nemmensninta tha cerntace Fallican cntn me o Sacnnala Lol o\ ___ L _
IOACl Id> appiupriaic, Ui dySicin 1alurc raic a uncuon or ume (1) may
estimated by

Arn _ 8 Aﬂ.-l PTII

P =Apyrii /=0

where the parameters subscripted 1 are determined from the data prior to (D).
and the parameters subscripted 2 are determined from the data after (D).

5.5.2.3 lllustrative example. This example illustrates how the AMSAA model can be
applied to a practical situation such as the test of a single system, the reliability of which is
described by a continuous function, in a time-truncated test. The test data for this example are
given in TABLE VIII. The test was terminated at 1000 hours. A total of 15 fatlures occurred at
the times indicated. TABLE VIII also lists some of the intermediate computational results which
may serve to clarify the procedure. The procedure is as provided in a through j:

a. Compute the growth parameter estimate using equation 7 of TABLE III, that
1s:

N
§= NANInty— 3 In(X)] = 16 A15(n 1000) — 70.312] = 0.4504
im]

b. Calculate the scale-parameter estimate using equation 9 of TABLE 111, that is:
& = Niby = 15/1000°4% = 0.6682

c. Check the goodness of fit of the AMSAA model at the 10 percent level of
significance. In this case, since M = N - 1 is very close to the tabulated value
for M = 15, the critical value found in TABLE V is 0.169. The Cramer-von
Mises statistic 1s calculated from the observed data u _n ¢ cquation 10 of

TARLE 1. thatis:

Ady wadlly 23S,
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where:

B =[(V- 1yNMB =[(15 - 1)/15)(0.4504) = 0.4204

therefore:
C%, = 1/[12(15)) + 0.01857 = 0.0241

Since 0.0241 is less than 0.169. the tabulated critical value, the AMSAA

model cannot be rejected. If the tabulated critical values and calculated values
are very close, then more exact critical values can be obtained from TABLE V

e Sy Vis WAGS a2 Q2 VAILSS Q&I US VUGN 22V

h\/ 1 ntprnnlah on

A3ivwa pPUIBLIVaL.

Since the AMSAA model is appropriate the system failure rate, p(t) can be
estimated for large samples, from
Dra ‘\\A. E'
i) = AP

v~ n

P(1000) = (0.6682) (0.4504) (1000) **"" = 0.0067

Failure rates for other values of time can also be computed.

. Obtain the lower confidence bound (Ly,y) and upper confidence bound (Uy.y)

for 15 failures and 0.8 confidence coefficient from TABLE VII, for a time-
terminated test. that is, (Ly.y) = (Lis,O.S) =0.6l4 and (Uy.y) = UiS.O.S) =

. The interval estimate of MTBF is computed from:

. The MTBF is computed using the following equation:

My = LPUI000) = |/ 0.0067 = 149.3 hours
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i. Note that the sample of 15 failures is at the margin of useability of large
sample equations. As an exercise the reader sho.n!d recalculate the various
parameters in a through h using the small sample eguations.

j. The interval estimate for failure rate can be determined from:

lDubz 1 I/JlVllIb= /191.6 =0.01092

Py=1/M,=1/268.7=0.00372

5.6 Durability/Economic Life Test. The Critical Failure Free Operating Peniod
(CFFOP), the Cumulative Maintenance Burden (CMB) and the Durability 'Economic Life

requirements should be demonstrated during the Durability Life Test (DLT). If the contractor has
proposed any preventive or scheduled maintenance events (i.e. life limited items), these are to be
accomplished and verified during the DLT. The DLT should be structured as follows:

r

The DLT is to simulate t
stresses which the equipment will be exposed to during its durability/economic life
and which influence iis failure processes. The DLT iesi cycie 1s established by
deriving environmentai and operational stress profiies from the actuai design usage
and environments. The sequence of simulated missions in the cycle should be
representative of the service usage. The environmental and operational stresses
include both steady and cyclic or fatigue stresses. Examples of these stresses are

thermal cycling, vibration, power cycling, voltage and humidity.

3. The minimum DLT duration should be equivalent to one durability/economic
lifetime. As a minimum, one unit/test article is required to complete one lifetime of
testing. However, continuation of the DLT beyond the first lifetime is
recommended for one or more of the following reasons:

a. To verify and vaiidate corrective actions

. To verify specified design margins

c. To verify wearout, deterioration, degradation effects of non-life-limited
equipments are equal or greater to or greater than the durability/economic life.

d. To identify additional failure mechanisms in the wearout phase

e. To characterize aging effects and assure the product is not adversely affected
over the durability/economic lifetime. The DLT duration is defined as the

o

amiannt af coaninment nouwer on/eaninment aneratino time and ic not 10 he
il WL VA U\i\llylllvll‘ PU YVwi WaAN Uﬂulyllnvulk VAN, Biiliw WAV U AV 'V Ve
mmemEiinnd cerithh Alnealane amAdA/Ae Aalandar tiema Tha M T chhAanlAd cimnilaota tha
CONiusSEa wiui Cnanocr anw Or Caicnd LLIC, 1110 AL 1 DIIUUII Ditiulatiy Ui

required operating time of the equipment over its lifetime.
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benign stress to shorten test times. Ad itionaiiy, time compression techniques
which are justified by published technical literature or derived by the contractor
through in-house experiments and testing, may be used with prior approval from the
PA. The time compression techniques, if used, must be combined with the
cumulative fatigue damage at durability control points (DCPs) as an approximate
measure of fatigue life consumed by the application of fatigue stresses. The DCPs
should be identified during the analyses and/or lower level testing in the design

nhncp Care should be exercised while micino stress levels in the test to achieve

time compressnon as domg s0 may result in fallure mechanisms which are not

Ali faiiures occurning during DL T shouid be anaiyzed and correciive action
developed and verified. When a failure occurs during the DLT, the contractor may
elect to stop the test and wait until the failure investigation and analysis takes place
and a corrective action is identified and implemented. Another option is to repair
the unit under test (e.g. by removal and replacement of the failed SRU or part) and
continue the test while the failed equipment is being analyzed for the failure cause
and corrective action is devised. A corrective action may consist of a design
change, a part vendor change, a manufacturing process change, or a change in

the

process comrols Venﬁcauon of a proposed corrective action is usually achieved

inn 1o 1 nlamantad and tha 11nit 1iindar tact 1indaraonac An
1ULL 1D uuyl\.un’luvu Qaliu uIv u.uu. WUV tVot uuu\,xsuua ond
£
4

PP 'fA esrmetle

dui_ab' 1 ...........................
Verification of a proposed corrective aciion, in some cases, may aiso be ac:meved
by analysis, by a separate lower level test, or by a combination of both, when
technical justification and rationale exist. The contract should clearly define
financial responsibility and liability for changes resulting from the DLT, to include
hardware retrofit changes, documentation changes, etc. Liability for deficiencies

must be clearly established in the contract.

s
teardown and non-destructive mspectiOn (N
required if failures are detected/suspected.

Provisioning for the required quantity of spares should be made during the test
planning in order to facilitate smooth continuation of the DLT when failures occur
which reguire investigation and analysis to determine the root cause. establishment

of corrective action, and implementation of the corrective action into the test article.

\\)
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Contractual provisions must be established to ensure availability of required test
hardware.

5.7 ESS monitoring methods. Three methods for monitoring ESS are provided in 5.7.1

through 5.7.3.2. o
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N4 = expected number of defective parts in each system
Aq4 = failure rate of each defective part

Further, let:

N4 = (Mp) where (M) is the total number of parts in a system and (p) is the
probability that any one of these parts is defective

Point estimates of (p) and (},) will both be biased towards making the estimate of (T) too low.
Therefore, it is recommended that an upper confidence limit on (p) and a lower confidence limit
on (A,) be used. An upper (1-a) confidence limit on (p), (p) can be obtained by finding the
smallest (p) such that:

(_“m! [’ pr(i-uilux—r—l)dijzl_a
r{(MK - r-1)! ]o

where:
K = total number of systems on which data are available

r = total number of defects observed on all K systems and the left-hand side of
the equation is the cumulative Beta distribution. tabulated in Reference 4

A lower (1 - 8) confidence limit on (A,). (Ay). is obtained from:

20
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qu - 5).2r = the (1 - 8)th percentile of a chi-square distribution with 2r degrees of
freedom

t; = the operating time to the ith failure of the system which suffers that failure

o e s - S
I'he recommended estimate for (T), (T). becomes:

Before data becomes available to estimate (T) or (T), the screening time (T) should be based on

. S . . e .. R . L. o LA
screening perniods for previous similar systems and/or engineering Judgment. When and if (T)

l -~ ‘I Y @ PSygy Tu.aapiy RSN gy |

7.2 Qraphical metbod. In the graphical method, a piot of observed faiiure rate and
smoothed failure rate is made and continuously updated from the data. Typically these curves
will bottom out if the defective parts are removed by ESS. The ESS duration is obtained by
observing when the curve becomes flat. For example, in FIGURE 3 an ESS duration of
approximately 70 hours would be reasonable. For a new system, the initial ESS duration should
be chosen from data on similar systems and then modified as test experience is accumutated.

5.7.3 Standard ESS. Standard ESS verifies that production workmanship, manufacturing
processes, quality control procedures, and the accumulation of design changes do not degrade the
reliability which was originally found to be acceptable by the RQT. This ESS procedure should
be applied to all production equipment of the system being evaluated. The equipment should be
operating when placed under the specified environmental stress. Additional details are provided

in Reference 5. All items should be subject to a sequential series of stress cvcles consisting of

1
h ni m nt

thermal or vibration stress cycles or a combination of both. Typically, each equipment should be
stressed until a minimum of one failure-free interval is attained. The procuring activity may

" | s Ae neAd n fniliten fuann oo~ samrs e mrrmland
suggest the number of cycles. cvcle characteristics. and a failure-free perioa (time or cvcies).

Ry
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ESS can also be used as an effective screening method during development and during depot
repair. After repairs have been completed, the screening should be restarted at the beginning of
the next cycle.

Thermal stress. A typical thermal stress cycle is shown in FIGURE 4. The cycle
e of temperatures between - §4°C 1o + 85°C. The number of
gg om 6 to 10, where 8 is considered as a reasonable value for

'3 i
-] 1
-~
[7,]

shou rom
Historical data indicates that more co

many equipments. Historical data indicates that more cor p ex equipments require more thermal
cycles. Six cycles appear to be adequate for black boxes of about 2000 parts while 10 cycles
may be required for equipment containing 4000 or more parts. A suggested range of thermal
cycles to be applied is:
[ P RSS FRre Thaemmal Aavalac

Simpie (100 electronic parts) 1

Moderately compiex (500 electronic parts) 3

Compilex (2000 electronic parts) 6

Very complex (4000 electronic parts) 10
Historical data indicates that thermal soaks do not contribute significantly to the screening
effectiveness. Therefore, the dwell times at high and low temperatures need to be only long

enough for internal temperatures to stabilize. It follows that each successive thermal ramp
should be started soon after the internal part temperatures have stabilized within 2°C of the
specified temperature and all required functional tests have been completed. The temperature
rate of change of internal parts should fall within 5°C and 20°C per minute. The best screening
results will be achieved by using the maximum safe range of chamber temperatures and the
greatest practicable temperature rate of change of internal parts. The equipment undergoing ESS
should be energized and operated during thermal cycling (within the specified operating
temperature range), but it may be turned off during chamber cool-down to permit the temperature
of internal parts to decline more rapidly. Equipment performance should be monitored
continuouslv. but if cost or other constraints do not permit this, periodic checks and continuous

monitoring of the final cycle should be required.

5.7.3.2 Vibration stress. The standard vibration stress spectrum is shown in FIGURE 5.
The stress is a random vibration which should be applied for at least 10 minutes if the direction
of vibration is to be along a single axis. When vibration along more than one axis is required, the
random vibration stress should be applied for at least 5 minutes along each axis. The equipment

should be hard-mounted to the shake table so that the direction of vibration is perpendicular to
the p!a."" of the printed circuit boards (PCBs). If the equipment has PCBs or lcm d in more than

ach of three orthooonal axes

VW Vi sIVU g iaias Giwal.

be + 3 decibels (dB). Notching at

(=%

Thc tolcrance for the random wbranon spectrum shoul

cmamemnemt Lo e nlam Jo easmemand

resomnant IequciiCIcs 15 pCﬂIllﬁCU

8 MIBEF assurance test. The MTBF assurance test (see Reference 6) can be used to
provide assurance that any minimum MTBF level, such as the lower test MTBF. is achieved in

addition to providing assurance that early defect failures have been eliminated. The test is
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conducted in combination with an ESS which removes the early defects. The procedure
commences with the ESS which is terminated afier some number of hours determined by the
methods nrevious]v described After the ESS is terminated the system enters the MTBF

[

=

o
by

I3
LotV (LN Lo o o o a) __tal
1S (1all UIC"IKCC rcqum:mcm) VH[ m

cified length Generally, the test window is chosen to give
the seiler a very high probability of passing the test (for exampie, 98 percent), if the equipment
actuaily does satisfy the minimum MTBF levei. The probabiiity of a unit passing,(Ps),is:
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M=-1Y (M+W-r)

war+1
M

&=
where:

M = Minimum MTBF level, hours
W = test window, hours (r < W < 2r)
= failure-free interval, hours

Because of the large numbers involved, direct exponentiation and multiplication result in
numbers which exceed the ranges of hand-held calculators, therefore, this calculation must be
performed using logarithms, that is:

o2

no M
oo M

|n Ps=rloo kl N+lpoM+W_.nrNo(r+ 1)
log Ps=rlogM - 1)+ loglM Wo-r)-{r+1)

An analysis of these equations indicated that the best value of the test window (W) was twice the
failure-free interval_ (r),

aRssmiw AL Ve ssavwa Vimey oy

If the ratin af (W) ta (r) 1c lecc than twa there avicte an intarval within tha tect durina which one
A4 WIWw LAMIW WA [ VY ’ W \l’ A0 WD WL LYY Uy Uil VANALOW A 1AW VM VYA UlW VoL UL I YViAlwil Vilw
equipment failure would immediately terminate the test in failure. This results in degradcd
atatintinal Anmfidnmnn i tha saciilt Toeacanaieos thn wntim A8 MIN 6n 72\ lnerne A bessm fmacnsaas el n 4nne
statmtival COUILIIUCITIVE 111 UIC | auu lll\-lcdblllb UIc 1aliv vl \ VV} w \l} UcyUllu lWU, lll\«lCdbCD UIC 1OO1
...... mest mimansdtamnemtler 2 dmeml mm e lrd e o ‘PL PN
time wnuxuut axgn 1 xtxy uupxuvmg the :uuaiu.cu coniacnce. I1r rcwn:, the UpuIIldJ ratio of

—al T Y £ 1~

versus (M) with W = 2r for a range of failure-free mtervals of 10 hours to 150 hours. Using the
above equation and ietting W = 2r, the failure-free interval, and, consequently, the test window.
can be computed for any desired (Ps).

For example, if Ps = 0.98, the equation yields:

)
‘)
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Solving numerically for (r) in terms of (M) yields the empirical relation:
r=0212M

As another example, for an arbitrary M = 150 hours and r = 10 hours, the probability of
acceptance is Ps = 0.9976.

5.8.1 anxangn_nf_ganmmn The MTBF assurance test equation is derived as provided

and the probability of failure is:

b. The condition for passing the test is (r) hours (r successes) of failure-free
operation.

c. This can occur if (r) successes (r consecutive hours) are achieved without
incidence of failure, that is:

(p) = (1 -1/M)

d. Furthermore, the test can be passed if following a failure, (r) successes are
obtained. We are unconcerned with the previous failure history prior to the last
failure, that is:

alowr=(1/AMN(1 . 1/AMY
'-lﬁ'ls,l \ll"ll \l ll"l’
Thic ran nancrur ) timoc urithin the tact windaw AN hafare tha tact ic failad and
- 4 LMY bdil Vv il \l’ S4ddiAVvo VYV AMLMLAL WiV WOl WIiLIMV Y \ \AJ , VWwiViw UlIv WOl 10 14V Gl
sufficient faxlure-free time can no longer be accumulated.
f. Therefore (p; )(p,)' can occur (r) times

g. Therefore the total probabiiity o

‘ad
4
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Ps= p: + (r)(p'.)(p‘)"

- (1 =1/MY 4+ r (1/M(1 =1IM)

=(1=-1/MY (1 + M)

(M l\"(&hr\

\' M /\ M)

M-1) (M+r)

5.8.2 Procedure. Using the reiationships given in 5.8, the procedure provided in a
through m can be used:

a.

Based on historical data with similar equipment, select an ESS duration using
the methods in 5.5.

. For the desired (Ps) and MTBF (8), determine the failure-free interval from

FIGURES 6 and 7

. The test window, W = 2r.
. Run the MTBF assurance test on each equipment with the parameters in a, b,

and c, until the failure-free interval of (r) hours is obtained in the test window,
(W).

. Accumulate the times of failure on each unit (serial number) of equipment

tested and use the AMSAA model to compute current MTBF on the

accumulated data and on the data for each individual system (or some group pof

latest units).
Continue testing until a time of 10 MTRBF is accumulated

ontinue iesting untyl atime of 1V M1 Br 1s accumuiated

If the test data indicates a computed MTBF in the vicinity of the desired MTBF,
~rantinne tacting nncing tha cama cnnlilrn=cv~‘. intarval and tact unndnur
WVULILILIIUG lUDLllls uDllls Ulv OQGllIVv LQLIVMIVTLILIVG 111V VAL Gl Lwol VVRIIIVU Y,

TFf tho svvnat manant Antn tndinntac o ctanifinant Aasrecanca ;v AMMTRLED Faaliahilit,

11 UIC 111UDL ICALILL Ualda llIuIvdaico a )lguuu-tuu ULLitvaosu il ivil DI° (Ivilavllily
Aotntmandine) Ammeidar tmAraaclea o failicon Fona fmbamral am A taos ssriem Ancs:
ucic 101I¢ Uﬂ}, LUIlblucr mbrwmg ulc ianuure-iree in th vdl alid tcst WIINIAOwW

If the most recent data indicates a significant increase in MTBF (reliability
improvement), consider decreasing the failure-free interval and test window.
There is no simple method of determining, a priori, the number of latest units
whose data should be combined when computing the MTBF which 1s to be
compared against the original MTBF The MTBF attained by each unit tested
and the overall MTBF should be calculated and graphed and the results
monitored continuously.

(9% ]
I



Downloaded from http://www.everyspec.com

MIL-HDBK-781

k. If the use of a larger failure-free interval and test window results in an
improvement in MTBF, these parameters (interval and test window) can
eventually be reduced to the original values.

1. If the use of a smaller failure-free interval and test window results in a
deteriorated MTBF, these parameters (interval and test window) can be
increased to the original values.

m. This iterative procedure can be repeated as the test proceeds and is especially
useful for eauinment with larege nroduction runs
useiu! 1or equipment with arge proguction runs,
Q Qannential tect nlane The cannantial tact mlanc are hacad Aan tha aconimntine
v 7 adidMAAMAGL Macadbh JZASMAR: 2 1IV OV ULLILIAL IVOL PIAID albv UddWd Ul UIC addulnipuiuinl
that tha nindarluing Aictrihiitian aftimac hatuwaan_failiirag ic avnanantial A cat ~nfctnmdacd DDQT
Uial UIC UliuCiiy g GiSUivuuull Ul Ulicssutiwiliitlanuics 15 CApUlICiital, A 5CL 01 Suandaadrd rno i
Liasin fFrssend snsida memcalimalilice, ton thhn tantionns Al alantenamin amrsiomeanas Qe ool aoce 1o _ 71 TN
nave 1und widce uppllb ULIHILY 11 UIT 1OOUIE Ul Citluuvll CqUIpxIlcnl DIX DASIC ICSL plal’lS (-
through VI-D) are provided. The true decision risks and discrimination ratios (d) for these are
—~ . . .
Q L d
I-D 11.5 12.5 1.5
II-D 22.7 23.2 1.5
1I-D 12.8 12.8 2.0
IV-D 223 22.5 2.0
V-D 11.1 10.9 3.0
VI-D 18.2 19.2 3.0

In addition. two short-run, high-risk test plans (VII-D and VII I-D) are provided. These test
plans can be used on programs in which test time must be curtailed as a result of overriding
schedule and cost factors. The true decision risks and discrimination ratios for these plans are:

Test Plan True risks Discrimination ratio
o] 8 d
VII-D 31.2 32.8 1.5
VIII-D 293 29.9 20

mAmamead mmiamd mebocte fme blhn bncedned camrimsnb 4nnt salncen aea alanee rmnemlb iAo, 2

The accept-reject criteria for the sta ndard sequential test plans are shown graphically and in
tabular form along with the corresponding operating characteristic (OC) curves and the expected
test time curves which are based on assumed values of true MTBF. All of these data are grouped
by test plan in FIGURES 9 through 16. A procedure for computing upper and lower confidence
limits on MTBF for tests which are terminated by acceptance or rejection is also provided in
Reference 7. Finally, the Program Manager's assessment described in 5.9.8 provides a means to

assess the effective consumer's risk at any point in time during a sequential test.

36
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5.9.1 Symbols. The svmbols used in the equations of 4.6 are:
a = producer’s risk
B = consumer's risk
6 = MTBF
0, lower test MTBF
6o = upper test MTBF
r = accumulated failures in time (t)
Ty = failures at truncation
T o = truncation time
t,, = standardized acceptance time
tr = standardized rejection time
O'U (y.J) = standardized upper confidence limits
o', (v.0) = standardized lower confidence limits
0y (y,D) = upper confidence limit
0, (y,0) = lower confidence limit

5.9.2 Application. Standard PRST plans should be applied when a sequential test with
normal (10 percent to 20 percent) producer's and consumer's risk is desired. Short-run, high-risk
PRST plans may be used when a sequential test plan is desired, but test time is limited and both
the producer and the consumer are willing to accept relanvelv high decision risks. PRST plans

5.9.3 Theoretical bachground. The concept of sequential tests was developed by 1. Wald
(see Reference 8) and B. Epstein (see Reference 9). and is aiso discussed by I. Bazovsky (see
Reference 10). For an exponential equipment with an unknown MTBF of (8). the probability of
failing (r) times in an accumulated operating time (t) is:
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The sequentiai test must prove that (0) is at least equal to or greater than the lower test MTBF
(8,). If the true MTBF is exactly equal to the lower test MTBF the probability of failing (r) times
in the operating time (t) is:

{t\rfe \
1 8 r!
1
In order to structure the sequential test an upper test MTBF, (8), must also be selected. If the
3 "ntg 1ara aqial ¢ o menl~ ttar Al €nlliioac S aho fa o N - .
equipments MTBF were equal to (8;) the probability of (r) failures in the interval (t) would be:

This ratio is computed continuously during the test and compared to two predetermined constants
(A) and (B). using the decision rules of a through c:

a. If P(r) becomes < B, accept and stop testing.
b. If P(r) becomes > A, reject and stop testing.
c. If B <P(r) <A, continue testing.

A (1=-f){d+1)
- 2nad

B= B
(1-a)

where:

a = producer's risk
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ﬁ = consumer's ricsk

ViidWiiiwi: S 3iSn

d = discrimination ratio

Tha cvankinal camitamtln test orocedure is derive
10N bl’dplllbdl bCL{UCHUd St proCcuuIc 1> Uclive

(=9
7
P
S
.c-_
-
v

The term for (A) contains the correction factor (1 + d)/2d which is found in Reference 9. This
factor substantially reduces the differences between actual and achieved consumer's and
producer's risks which arise because of test truncation. The original sequential test derivations
do not account for the effect of truncation on the risks.

Starting with:

\ ‘-l(uo )-nn,,vh <A
8,/
Take the natural logarithms:
InB<rin(0y6,)+(1/8,-1/8,<In A

Transform this inequality by dividing all terms by In (8,/8,) after adding (1/8, - 1/8,)t to each
term. This results in:

InB (lIU 176 0’ InA {1/6 5, ilvo)
t<r< t
ln(eg/ﬁg) 9/9 in (BJG!) in(@ ,{3 )

As long as the numerical value of (r) is between the values of the left and right side of the
inequality, the test continues. If (r) becomes equal to or less than the left side, the test terminates

in an accept decision. When (r) becomes equal to or greater than the right side, the test terminates

in a reject decision. The expressions on both sides of the inequality are equations of two parallel
straight lines; thus, the inequality can be written as:

a+bt<r<c+bt

When these two lines are plotted on graph paper with (t) (cumulative test time) as the abscissa

and (r) (number of failures) as the ordinate,the constants (a and ¢) are the intercepts of these lines

with the ordinate and (b) is the slope.



Downloaded from http://www.everyspec.com

MIL-HDBK-781

InB
“Tlheye)
InA
““n ©48,)
(10, - 178y
b ———
in(6y8,
From this, the two parallel lines can be plotted on graph paper in an (r - t) coordinate system. By
drawing a horizontal line at (r = ry) and a vertical line at (t = T,), the test is truncated.
5.9.4 Test truncation. The sequential tests provided in this handbook are all truncated
tests because of the practical requirements of real-world test programs. The method for
truncating a sequential test was developed in the paper written by B. Epstein and M. Sobel (see

Reference 9).
The appropriate value of (r) is the smaliest integer that can be used so that:

2
Si-a);2r
—

x;;b °

g

where qu - a)2r> and X23: ,, are the chi-square variables with (2r) degrees of freedom. Tables of
the chi-square distribution can be found in Reference 11. These two values are found by
simultaneously searching the (1 - a ) and P probabilities of the chi-square tables until the ratio of
the variables is equal to, or greater than,0,/6,. When this point is found, the degrees of freedom
are set equal to (2r). The value of (r) is always rounded to the next highest integer.

This value is (ry). From this, the maximum time (T;) can be found.

60“ (l=-al; 2r

0 2

5.9.5 Sequential test example. A PRST plan may be generated analytically for any given
(@), (B), (8,), and (8,). The procedure is straight forward and can be easily implemented with a

hand-held calculator. For example, given the following input data:

a= 010
=010
8. = 100 hours

-
T
i

to
=
=
=
=

10
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in a through e:

= 6.75

1
2(2)(0.10)

(
2ad

=0.111

(=
I

-

-

d. Compute the points of truncation as follows: Search the chi-square tables at the

= 0.506

39.087
41

15 failures

upper confidence (1 - a) and (B) upper percentage points until a point is reached

at which:

or

This point occurs at 29 degrees of freedom where:
2r=129
r=14.5
Tn

and since:
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TR As Bsarasaw s

o
x.(l-c):b
0 9

T - 200 (20.6)
v 2

T.. = 2060 hours

e. Determine the slope and ordinate intercepts of the two parallel straight lines:
_ inB in0111 -2.198 -
T In@®ye) In2 0693
(170, — 1/6,)
. I o _(0.01-0.008) .,
in(8,/6)) in2
inA In6.75 1910 _ __
= 4L.10

“In@/8) In2  0.693
g 4§

These values are plotted in FIGURE 8.

5.9.6 Standard PRST accept-reject criteria and OC curves. FIGURES 9 through 16

present the accept-reject criteria for the Standard PRST plans and the OC and Expected Test
Time (ETT) curves for Test Plans I-D through VII I-D. The OC curves plot values of probability
of acceptance versus the true MTBF expressed in multiples of (8,) and (8,) The ETT curve plots
values of expected test time versus time MTBF expressed in multiples of (6,) and (6,).

5.9.7 Confidence limits for sequential tests. This method for estimating confidence
ed to estimate the confidence limits on MTBF at the completion of the sequential

limits can be use estimate the confidence limi

tests described in Test Plans I-D through VIII-D. Tables of confidence limits on the true MTBF
are given in TABLES 9A and 9B and 10A and 10B. Acceptance can occur only at discrete
times, while rejection can occur at any time afier the required number of failures has occurred
Therefore, confidence limits afler acceptance and rejection must be computed separately
TABLES SA dnd oB presen t confidence li“nits at acceptance and TABLES 10A and 10B present

equipment is accepted if not more than (i) failures occur in (i, ,) hours. Define (i) as the
standardized rejection time, so that equipment is rejected if at ieast (i) faiiures occur at or before
(tg; ;) hours. Together, (t4,) and (tz;) are the standardized termination times. The actuai
termination times are obtained by multiplying the standardized termination times by |. The
standardized lower test MTBF is assumed 1o equal 1.

42
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5.9.7.1 C_Qnﬂd_cng_e_lhnns_ax_amp_{m TABLE IXA presents conservative (1 - y) 100
percent standardlzed lower confidence limits (8'(y,i)) and (1 - y) 100 percent standardized upper
confidence limits (' v(y.i)) on the MTBF for all tests terminated by an accept decision using Test
Plans I-D through VIII-D fory = .5, 3 2,.1, 05 A conservative two-sided (1 - 2y) 100 percent
standardized conﬁdence mterval is (6 L(1.1), o' u(7.i)). Actual limits and intervals are obtained by

(AN R4

multiplying (', (v,i)) and (6'y(.i)) by the lower test MTBF (6,). That is:

N\

8[(7,&') =6,6, (,)

S§0711 Fvamnlae: hlark hav Y Tha fallawing avamnle ic hacad an a nradnctian

JeTel b b QRIS WAGMYR UVA LA 8V AVIIVYVIIE CAGILIPIV I0 VGSVU Vil @ PrUB ULV
walinkhilits: nanantanncra tact nfa hilnal hav Y far nn ateneaf® Tha avamnla nan ha otatad ae fallawwe
fCiiachiity aClpancc &5t O1 a Bialr 00X A 106 ail aiflrain. 1408 TRamipic Cail o€ 51awla as i0uldWws

The Government agrees to accept a monthly production lot of 40 units with probability l-a=

L MATIMIT N _ 1NN L RPN JRPRCIY TR W 1S4 U N O £l oa .
me iruc ivii pr Uo = lUU IlUUl’b d.]'lU Wlll I'C_]C(.l lﬂC lUl WIln pruodouu) l - p =VU.0, 11 UIC HrUC

MTBF 8, = 50 hours. The designated risks are thus a = § = 0.2, and the discrimination ratio (d)
= 100/50 = 2. Consequentiy, Test Pian IV-D must be used. The required minimum sampie size
is three units. From FIGURE 12, the lot is accepted with O failures after t,, 6, = 2.8 x 50 hours
= 140 hours, or with 1 failure after t,; 6, = 4.18 x 50 hours = 209 hours, and soon, since t o = 2.8,
t4 8, = 4.18, and so forth, are the standardized acceptance times. Assume in the actual test that
relevant failures occurred at 50 hours, 90 hours, 120 hours, 250 hours, and 390 hours of
accumnulated test time. The accept and reject times at each of the failures determined from

FIGURE 12 are as follows:

Numt  fail Reiect ti ! . \ Lti

0 - 2.80 x 50 =140 -

1 - 4.18 x 50 =209 50

2 0.7x50=35 5.58 x50=279 90

3 2.08 x 50=104 6.96 x 50 = 348 120

4 346 x50=173 8.34 x 50 =417 250

5 4.86 x 50 =243 9.74 x 50 = 487 390
This data indicates that the total accumulated times at 1, 2, 3, 4, and S failures do not lead to
rejection, and the lot is accepted with S failures after 9.74 x 50 hours = 487 hours total test time
{ty = 9.74, therefore T, = 9.74 x 8). Suppose that an 80 percent lower confidence limit on the
MTBEF is desired. First find the conservative 80 percent standardized lower confidence limit
G‘I,"y. 1) = GII (0.2,5) = 1.0459 from the appropriate entry for Test Plan IV-D in TABLE 1XA for
y = 0.2 and 5 tailures. A conservative 80 percent iower coniidence iimit on the M I BF is 1.0459
X 0, or 1.0459 x 50 = 52.3 hours. bnmllarlv a conservative 80 percent upper connaence fimit

on the MTBF from TABLE 1XB is 6’ ol 1) x 8, = 2 5225 x 50 = 126.1 hours. where '  (0.2.9)
=2.5225 comes from TABLE IXB fory=0.2,1 =

£a
(99}

PR a sl sa s 'Y
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5.9.7.2 Confidence limits at rejection. TABLES XA and XB present exact (1-y) 100

percent standardxzzd lower confidence limits (9 1(v.1)) and (1-y) 100 percent standardized upper
confidence limits ( e' u(¥.1)) on the MTBF for Test Plans 1-D through VIII-D terminated by a

reject decision for selected values of the standardized time (t) and y = .5,.3,.2,.1,. 05. A test may
be terminated by a reject decision at any time (t), once a required number of failures has

S222222288 V) £ 2R BRIV &L 822 t222%% \=75 +=2 e Bat TR LY 3 S - - —- LY o)

linear inte Inhnn nr nantahn whare (1) annale tha antiial tatal
SERIWAAS AMitWi PUIBLIVEL AV ViU - OVAAL IS AL W VViiwiw \4) V\IWID IV Aviuar tvias
. 2 ,.

test time (T) divided by the lower test MTBF (8,) or in special cases, use the X° distribution for
avant 1l Ancidar tha ~nea wwhara ratantine Af anitisnmant Anntiee aftae £60 \ Laiias ~8f ool aoce
exact limits. Consider the case where r&jeCudn 1 CQuipmichit OCTUrsS andr (10, ) nours O1 total iest
tiean TE L\ nvmmn ds the smallest value in TABLE XA. the {1 - v) 1080 sercen 4 Vmamrme mman kT A
UIHT. 11 (1) CTALTTUD UIC DMIALICOL Valul 1l 1 ADLL An, UIC L - y} 1VUV pclbclll 10WET Coniiaence
tilh L 3 oo ol £ 2 o oaleom Lo

oC U 11 a UHougiIl ¢

™ wr a

a. From TABLE XA obiain (6' L(v.1y)) and Ch L(7,t) such that {t,j <t < {t,} and
{t,} is the largest tabie time iess than t and {t,} is the smailest table time
greater than t.

b. By simple interpolation find:

B LM =0'L (1) + (B'L (1.t2) - 8'L (1)) (¢ - 1)ty

c. The actual (1 -y)100 percent lower confidence limit on the MTBF based on a
rejection after (t0') hours then

BL(Y.) = 6,0'L(v.0)
If (t) is smaller than the smallest value in TABLE XA use the relationship

between the X and the Poisson distributions to calculate the (1 - y) 100
percent standardized lower confidence limit on the MTBF as follows:

where X (;,); is the (1 -y) 100th percentile of the X? distribution with (2i)

e L. .1 ~ ol el e [P ~ mmma -
ucglccs Ol 1Iecauin, alilu U) 1> UIC nui IUCI UL IGHWCb wxut,u u:au lU lCJCthUH - t
at o fa N\
time {(tu,)

Then:

8.(v,) = 6,6"(1.1)
Similarly calculate a (1 - y) 100 percent standardized upper confidence limit

(6'(_ i(y.1)) on MTBF by interpolation if (1) exceeds the smallest value in
TABLE XB.

44
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If t is smaller than the smallest value in TABLE XB. use:

61'('V t) —2(/7 e

Yool

2 m 2 ..

where X°,;2i is the y 100th percentile of the X” distribution with (2i) degrees
of freedoam A (1 - 2v) 100 nercent canfidence interval an the TRF far a tact
i AAWwwNAJLLAe 4 B \l ~’} P YA kl\'l\r\vlll WwA\/liAINdw ilivwY Jdibwl Y AL VAl VAAN UYA B AJ AV & tvol
tarminatad hyu raiontinmn aflar 7¢O\ ANro 10

WCIMiiNawead Oy r&jeluiln anly (o nOuls 15

l\-' L o) 1 11 101 r

2 uppose ihat in the previous examplie failures occurred

Su
50 hours total test time.

0 hours, 120 hours, and 1

\C) n--

after 50 'no

The accept and reject times at each of the failures are determined from FIGURE 12 as follows:

Number of fail Reiect ti : Lii

0 - 2.80x 50=140 -
1 - 4.18 x 50 =209 50
2 0.7x50=135 5.58 x 50 =279 90
3 2.08x50=104 6.96x 50 =348 120
4 346x50=173 834x50=417 150

From these tabulated values it can be seen that Test Plan IV-D does not require rejection after 1,
2, or 3 failures, nor acceptance before 150 hours. However, the lot is rejected after the fourth
failure (that is, 150 hours) since it occurs hefore tha yﬂ = 346x50 = 17? hours. The value tes =

346 ig tal{pn ﬁ'nm FIGUIRE 12 An 80 nercen t!e

NS ANAs Aaw. 4 BEB pyivva vy oniigence m1mii on ing 4 aras s wissw e

as specified in a and b:

n D[ieat f1ad al /.n=n N N wvharat = TA —18N1EN =2 T TADI T VA
a. LHDLIMIU U (\),l) T U | \V.Lyo ) WHIRIC L = 1/U] T IJVLIJV — J. UL 1NDLL ANy,
s+ =nonwiskal rnnv ey N cgac ana ty = 1 AL sk al o] AL —
L) T<4.0U WIUL U |(V.£L,£L.0) = U.JURV @lil ) = 0.9V v Ly I V) —

2
Wi J.
0.6644. Using the equation in 4.6.7.2b, calculate ', (0.2, 3) =0.595 by
inierpoiation. An 80 perceni iower connacncc iimii on the MTBF givena
rejection afier 3x8, = 150 hours is 8' (0.2, 3)x = 0.595 x 50 = 2.7 hours.
b. Simiiariy, caiculate an 80 percent upper confidence iimit. From TABLE XB
obtain 8';=(0.2,2.8) = 1.5517 and 8'}, (0.2,3.46) = 1.7379, giving 6',, (0.2,3)
= 1.608. An upper confidence limit on the MTBF given a rejection after 150
hours is 6' v (0.2,3)x6,=1.608 x 50 = 80.4 hours.

5.9.8 Sequential tests: Program Manager's assessment. The Program Manager's
assessment provides a means for the Government to assess the consumer's risk at any point in
time during a sequential test. This is especially important in cases where program time and
schedule pressures may force the Program Manager to consider an early termination of the test.
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5.9.8.1 Procedure. The Program Manager's assessment can be implemented using the
procedure specified in a through d:

a. At the point where the testis halted, compute the probability ratio:

) (9‘/9 r -!ulsi)-mo‘.r)j;
p(r= Joe

where:
6, = upper test MTBF
8, = lower test MTBF
r = number of failures
= test halt time
b. Setp(r) (1-B)a
where:

B = consumer's risk

e~ Commiet neaw valne af R = R Am the sanation in ctan h at tha cama (CE)

A \/Vl.‘yu‘v Slw 1iWw VY Y RIWw Vi P P 9 A3Vl WiIW U\iu“l.u“ Add ﬂ‘»y Vb Liiv Dl \\Ih}
level

A ﬂl i mem aflanbicrn Amennirsmnnwmln einl, A¢ Asenr bcenan o)

. P 1> 1 CLICOLLIVE CULIDULIITT D 1IDA al a.lly UG, \U)

This procedure shouid be used exciusiveiy by the Program Manager. If the test appears (o be
heading towards an early reject, the Program Manager should not allow the test to be halted. If
the test appears to be heading towards an early acceptance the Program Manager may permit an
early acceptance if the vaiue of consumer's risk is not seriously increased. The final decision can
only be made after the costs of additional testing are weighed against the increased risks of early
acceptance.

5.10 Eixed-duration tests. Fixed-duration tests offer a distinct advantage for program
planning, namely, prior knowledge of test duration which permits program planners to perform
trade-off studies between test duration, consumer's and producer's risk, (8,) and (8,). See the
discussion in Reference 10.

5.10.1 Symbols. The following symbols are used in the equations defining fixed-

duration test nlan

eI twD a

~

EEN
N
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T test termination time

k = number of failures

a = accent nimher

a accept number

r = reject number

c = confidence

T . £olon 1. - _

[
—

Four difierent categories of fixed-duration tests must be considered depending on whether the
test is time terminated or failure terminated, and whether the test is conducted with or without
replacement of failed units. In the case of fixed-duration, time-terminated tests conducted with
repiacement, the termination time, (T), and the accept (a) and reject (r) numbers, can be
determined from two equations:

s (TR T

The right-hand expression of each equation is an upper tail cumulative Poisson which can be
evaluated with appropriate tables (see Reference 10) or with some programmable pocket
calculators. Some Poisson tables provide only the lower tail cumulative terms, in which case the
equations may be rewritten as:

o (TR W,~TH,
Be Y —
=, k!
r-1 (T/eu,,)‘c"‘o
l—-a=

Note that the accept (a) number is related to the reject (r) number by a =r - 1 to ensure that the
test reaches a decision in the allotted test time. This relationship between (2) and {r) means that
the solution of the pair of defining equations used must be obtained by an iterative process. The
minimum possible test time can be found in the accept equation by substituting a = 0 and the
appropriaie values for {5 ‘*d ©;. However, this value of (T) substituted in the reject equation,

- s

iogeiher with 8, and r = i, wiii normaily yieid a vaiue of (@) which is too iarge, indicating that
(T) is too small. The value of (o) is increased by 1, again solving for (T). This value of (T) and
the new r = a + 1 are then substituted in the equation for (a): this process is repeated until the
valuc of («) is less than, or equal to, the required («). The values of (T, a. and r) in this final
calculation constitute the decision rule for the desired plan.
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5.10.2 Example problem. Assumethataplanwitha=f=02andd=2is required to
test for 6, = 500 hours. Using the cumulative Poisson table in Reference 11 to solve the equation
for1-B witha=0(1- B) = 0.80, and 8,= 500, a value of 1.60 or 800 hours is obtained.

Substltutmg T 800,r=1,and 6, = 1000 in the equation for (a) yields a = 0.55. Since this is
$3.08; or 1500 hgnrc Using T = 1500 ho
si

.

5.10.3 Standard fixed-duration test plans and QC curves. Twelve of the most frequently
used or standard Test Pians IX-D to XV1 i-D and XiX-D to XXi-D are summarized in TABLES
X1 and XII, respectively. These pians provide a considerabie range of alternatives for test
construction. The corresponding OC curves are shown in FIGURES 23 to 34. The Poisson
formula for computing the OC curves is repeated below:

r‘_—_l (T/B)‘ _TR
POI= > ——e

k=0
where:
P(6) = probability of accepting items with an MTBF of 6
r = critical (reject) number of failures
T = test termination time
Tha ~csmesbotbe: {=) i Antnceencicmand on tleas.
11c quunuty 1) 1D UCITILIIITU SV Uial.

P(GO)Z 1 ~aand/P(91)_>_ B

5.10.4 Alternative fixed-duration test pians. The aiternative pians provide a
comprehensive set of fixed-duration plans for 10 percent, 20 percent, and 30 percent consumer's
risk (B), covering a wide range of test times. These plans are presented in FIGURES 18 through
20.

5.10.4.1 Derivation of alternative plans. In order to derive a fixed-duration test plan

from these figures, choose the consumers risk (B) and turn to the appropriate figure (FIGURE 18
for 10 percent consumer's risk, for example). Based on the test time available, select the test
criteria which best applyv to the situation. For example. a test plan with a consumer's risk of 10
percent and a total test time not to exceed 9.3 multiples of the lower test MTBF is desired. In
FIGURE 18, under column heading the TOTAL TEST TIME (T) (\mnlnnlpc of 8.}, find the test

rod 11 In thic rcace the tact time wnnld he Q 77 multy |
(SLC I | U I U 3 PulE O3 s La the test time would be © 27 multinles
A

(

F
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5.10.5 MTBEF estimation from observed test data. When the procuring activity must
have a statistical basis for determining contractual compliance; and a basis for estimating the
field service MTBF values, a fixed-duration test plan must be used. Where required, all agencies
conducting reliability tests under the provisions of this handbook should provide the procuring

activity with current values of demonstrated MTBF (8) in each required test report.

5.10.6 Exclusion of hypothesis test values. Since they are assumptions rather than test
results, neither the upper test MTBF (8,) nor the lower test MTBF (8,) of any test plan can be
used to estimate demonstrated MTBF. The demonstrated MTBF (6) must be calculated from
demonstrated test results. Producer's risk (a) and consumer's risk (8) are excluded from these

calculations since they refer to the probability of passing or fallmg the test rather than to the

e of trne MTRF demonstrated dunng the test. However. the test parameter value

A e AvVA 4 ara wewa - ....u—.-— - aav WS Vea, s2a% %20

g
should be provided.
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demonstrated MTDBF, the prut.uf‘x g act tivit ity must >pcuxy the confider i al.
confidence interval is equal to (100 - 23) percent For example, given equals 10 percent, the

23 Y2 Fa Sy —

confidence iniervai equais 100-(2){10), which equais 80 perceni.

5.10.8 MTBEF estimation from fixed-duration fest pians. When a fixed-duration test pian
is specified, an interval estimate of the demonstrated MTBF of the test sample can be estimated

within the specified confidence interval. When a test report is due, the activity conducting the
test should estimate the MTBF and confidence interval using the procedures specified in 5.10.8.1
through 5.10.8.2.1.

5.10.8.1 MTBF estimation at failure occurrence. This estimation can be made when a

test is in process or has terminated in a reject decision. The procedure is as specified in a through
e.

a. Calculate the observed MTRF () by dividing the total operating time of the
eguipment at the occurrence of the most recent chargeable failure by the
number of chargeable failures.

49
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b. Enter TABLE XIII or FIGURE XXI with total failures and the specified
confidence interval. Read the lower and upper confidence multiplier for that
number of failures. A

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

MTRBF values.
d. Record demonstrated MTBF as the specified pc.rccnt.age of confidence,
nllawed hv the lanwer and nnnar M F values in narenthecic: 8 = X
ANAIWV VY WS UJ SAAW AW VY Wi WWiAENS u’lyvl AVA A ASS ¥ WAA WS L Yy yl‘l A0 AW IAT . 7 dudS
percent (lower limit MTBF, upper lim BF) MTBF values should be
varnnAad Afftan tho naaract v r\‘a nnmhar
IVMININIWGAL Ull W LIV JIVAI VOV VYLIVEG 11IMULLUNL .
a Ifshn waliian nea nat avatlalhla 1 TARTE VI A CIATIDE 91 ¢ham ¢ha Anveana
C. 11 UIC vaiultd ail vt avaliauvilv lil 1 NDDLL, ALL VI 1TIVJUNL &1, Ul Ul UUHCLI.
wimlican mmee ha Alkétnteend e Amcccasitatinm an Fallace.a
valucy Cdll UC Uviaillicu Uy LU llp tatiull IUVIIUWD

- 2r lavasme amios
- TJYWET HITH L
2
x(l-e)ﬁ;ﬁr
= 2r upper limits
2
xu+c)/2; 2r

where:
r = number of failures
X?*= chi-square distribution
¢ = confidence interval (percent per 100 )

5.10.8.1 1 Examnle at failure occurrence. The specified confidence interval is 80
narcrant: therafare (I -+ p\/') n Q nnd (] -{‘\/7 = n Tl‘\g sevent

t
y\avvla;, wabIviViC 2. adl il i wic OLCual 10Urs 10ta
test time. Thercfore observed MTBF (9) is117. 4 hours. Enter TABLE XIII (or FIGURE 21)

wiith cavvan failiirac and tha ON narnant 11nmoer and lnwer limite and find the lnwer limit multinlier
wlul Viwdd lmlu‘ YO QA Ul 7V Pvl L7114 “Fyvl GAiNG AV VVWwi 1411300 SAAANS LBABNS WSW 3V YV Wi BARBAAG lll\ll“yllwl
AN LLE nnd s srzmsans Jienatt caass 1eiemline ~Af 1 T7Q7 Tha meadiint Afthaca minltinliare wweth tha
U1l V.UuVD ailu ail uppt"l uluu MIMUPIIGE UL 1./7 7. LI i ULL Ul UKDV LIVILIPLIIVED Wiul Ui

AAAAA < 1 AT 770 Lo e an upper 12is L XL TDE ~£3 1N &
ODSCI'VCO IVl l D[' yl(':lub a IOWCT HIIL Vi1 DC O /7.7 NIOUDD aild all Upper 1R Ivil pr Ul £1v.J

Z

1
hours. There is an 80 percent probability that the true MTBF will be bounded by this interval.

There is aiso a 90 percent probabiiity that the true MTBF of the sampie equipment is equai to or

greater than 77.9 hours, and a 90 percent probabiiity that it is equali to or iess than 210.5 hours.
Demonstrated MTBF at this point in the test will be reported as: 6 = 80 percent (78/211) hours:

5.10.8.2 MTBF estimation at acceptance. The calculation of a through e should be made

when the test is terminated in an accept decision.

marsmso® Jaonn oo~ f “sreamaea laones Chassn e st thes s mamcamsvo®ermens P Amrvtrcomonn et Aaomsmnranee mEd mam T6I3 N L o caomem am
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thai number of faiiures.

c. Mulupxy observed MTBF (U ) (caiculated in a) by both the upper and iower
confidence muitipliers to obtain the iower 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: B = XX
percent (lower limit MTBF, upper limit MTBF). MTBF values will be
rounded off to the nearest whole number.

e. If the values are not available in TABLE XIV or FIGURE 21, then the correct

values can be obtained by computation as follows:

MTBF multiplier
= 2r lower limits
x?l —c)2;2r ¢ 2
= 2r upper limits
x(zl vc)i2;2r
where:

r = number of failures
X = chi-square distribution

Vaiasai s wasiwe asrarwa -a wwase

¢ = confidence interval (nprmxnt pe

"
T
[
=

~

5.10.8 Examkmmm The spccxﬁcd confidence interval is 80 pcrcent The
A

achied an accept decision after 920 12 urs of tcatuxg with seven failures uu.uxnng uu.rmg
that period. Therefore, the observed MTBF (8) is 131 hours. Enter TABLE X1V with seven
failures and the S0 percent upper and iower limits and find the a iower limit muitipiier of 0.595
and an upper limit multiplier of 1.797. The product of these multipliers with the observed MTBF
(8) yieids a iower limit MTBF of 78.2 hours and an upper iimit MTBF of 236 hours. There is an
80 percent probability that the true MTBF is bounded by this interval. There also is a 90 percent
probability that true MTBF of the sample equipment is equal to or greater than 78 hours, and a
90 percent probability that 1t is equal to or less than 236 hours. The demonstrated MTBF at the

end of the test will be reported as 6 = 80 percent (78/236) hours.
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5.10.9 Projection of expected field MTBF. The contractor (or test agency. if other than
the contractor) should be responsible for providing demonstrated MTBF under test conditions.
The procuring activity should be responsible for projecting expected MTBF under field service
conditions. Thl sponsxblhty can be delegated to the contractor (or test activity. if other than

5 10 }0 Livad_duratian tacte: Dragram Managaer'e accecement The S!andard ‘}xed=
duration test plans are characterized by their discrimination ratio (d), total test time (T), and
maximum allowable number of failures to accern (k) If a fixed-duration test plan is selected, the

total test aurauon 1s ser m aavancc mc omy way uwbc r)} ns can terminate e:
A Py Y o

______

'y' is by rejection.
ire if this failure
occurs before 4.3 units of total test time. An accept dcc1snon can only be made when 4.3 units of
total test time have been compieted. Even if the second faiiure occurs very eariy, an early reject
decision cannot be made; nor can an early accept decision be made if no failures have occurred,
for example, by 4.0 units of total test time. In both of these situations, an early decision would
lack statistical validity by failing to guarantee the OC of the selected plan. Also, an early reject
decision by the consumer would probably violate contractual agreements with the producer.
However, an early accept decision by the consumer would not be subject to such an objection.
Such a decision might appear to be very desirable to the consumer (Government) if test costs
were high or if schedule deadlines were approaching. Modifications to the standard fixed-
duration test plans which allow early accept decisions to be made without sacrificing statistical
validity (see Reference 12) are provided in 5.10.10.1 through 5.10.10.3. The proposed plans
differ from the probability ratio sequential tests in this handbook in that rejection is permitted
only after a fixed number of failures have been observed.
.1 Accepttimes. The accept times (T;) of the Program Manager's assessment are
BLE XV in multiples of (8,). Acceptance occurs if not more than (j) failures

o A o} PR P

versus true MTBF for the P rogram Managcr § assessment

5.11 All-equipment production reliability acceptance test plan. The basic Ali-Equipment
Production Reliability Acceptance Test Plan (Test Plan XVHI-D) should be used when all units
of production equipment (or preproduction equipment, if required by the procuring activity) must
undergo a reliability lot acceptance test. The plan depicted in FIGURE 35 includes a reject line
and a boundary line. Both lines may extend as far as necessary to cover the total test time
required for the production run. The reject and boundary line equations are the same respectively
as those for the reject and accept lines of Sequential Test Plan 111-D. The equation of the reject
line is fg = 0.72T + 2.50 where (T) is cumulative test time in multiples of (0,). and (f) is the
cumulative number of failures. The plotting ordinate is for failures and the abscissa is for

o4}
(3]



Downloaded from http://www.everyspec.com

MIL-HDBK-781

ita as & i

multiples of (8,), the lower test MTBF. The boundary line is 5.67 failures below and parallel to
the reject line. The equation is fy = 0.72T -3.17. FIGURE 36 presents the OC curves.
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5.11.2 Evaluation. When Test Pian XVIIiI-D is used, ali production units shouid be
subjected to the environmental test conditions in the approved test procedure. Cumuiative
equipment operating time and equipment failures should be recorded, plotted on the chart of the
test plan, and evaluated in accordance with the criteria of FIGURE 35 and 5.11.3 through
5.11.3.3.

5.11.3 Accept-reject criteria for the all-equipment test. Accept-reject criteria for the all-
equipment test is stated in 5.11.3.1 through 5.11.3.3.

5.11.3.1 Acceptance. Ifthe specified test time is completed without reaching the reject
line, all of the equipment which the lot under test comprises are considered to be acceptable,
provided that each equipment conforms to the specified normal performance acceptance test
criteria

5.11.3.2 Rejection. If a plot of failures-versus-time reaches or crosses the reject line, the
equipment lot under test is no longer acceptable. The test should then be terminated and

corrective action undertaken.

5.11.3.3 Reaching the boundary line. If the plot of failures-versus-time crosses below
the boundary line and the next failure point is at least one failure interval below the boundary
line, the plot should be brought vertically up to the boundary line. If the failure point is less than
one failure interval below the boundary line, the plot should be brought vertically up one failure
interval, crossing the boundary line. This is equivalent to censoring test time as necessary at
each failure in order to maintain a failure plot without crossing the boundary line. Therefore, the
test time plot will not represent true accumulated test time. All test time should be recorded in
the test log to maintain the capability to determine true accumulated test time. An accurate or
rue plot of accumulated test time and failures should be maintained on the same chart by

tru umulate me and fail t aintain y
continuing the plot into the region beyond the boundary line. In order to maintain the proper
reject criteria, the first failure occurring after the boundary line is crossed should be shifted
vertically to the boundary line to start a second plot (dotted line) within the accept and continue
test region. if failures occur often enough. [f another failure does not occur for an extended
PN B oINS | P 55 I & oy I | ) PRV IS ISP B I FOn 6 B R . - T L o
pcrloa OI Ume, tnere woulda oc no secona plOl ana ine ongmbu ruc pl()l SN10ULId DC COININUCU. 11
YR ) 2 T 11 1 . 1 ") 1 1 1 b 34 a1 ] al a 1 aa b § . a £ "1 -y
next faifure should be plotted on the boundary iine directly above the true plotted point (fatlure 7

(4]
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with failures vertically spaced at exact single failure intervals) would reach the reject line. and
testing would be terminated and corrective action undertaken. After the approved corrective
action is completed, the testing should be resumed and the true plot continued. The cumulative
number of failures and time shown by the true plot would be read directly from the failure and
time scales. The failures plotted on or above the boundary line after the time plot crossed the
boundary line must be labeled since the number could not be read from the ordinate. After a
reject occurs and corrective action is approved, the true plot should be returned to the boundary
line. Continue the true plot in real time, and sequentially number the subsequent failures as
shown on failure 16 of FIGURE 36.

5.11.4 Additional all-equipment production reliability acceptance test plans. A unique

all-equipment test plan can be developed from any PRST plan. On any given program the all-
equipment test selected should be based on the actual sequential test plan used during the
qualification phase. If a sequential test was not used during qualification, the procuring activity
can select the most suitable plan. FIGURES 37 through 44 provide all-equipment test plans
which correspond to the PRST plans given in 4.6 (Test Plans 1-D through VIII-D). The accept
and reject Lines of the sequential tests do not follow the original Wald formulae (see Reference
8). They have been modified to account for the effects on the test risks of truncation. In
computing the all-equipment test plans, this modification was not made, therefore the accept and
boundary lines of the all-equipment test will not line up with the accept and reject lines of the
corresponding sequential test. The difference is in the distance between the lines. It is felt the
original Wald formulae (see Reference 8) which were computed without considering truncation,
are more appropriate for the all-equipment plans.

5.12 Reliability estimates from unit-level results. A step-by-step summary of the

procedure which can be used to combine test data from fixed-duration tests or a PRST is
provided in 5.12.1 and 5.12.2. The technique is called the approximately optimum (AQO) method
and is described in greater detail in References 13, 14, and 15.

5.12.1 Calculation method. The calculation procedure used in the AO method is as
specified in a through e:

a. Step 1: Verify method requirements. The conformance to the requirements of 1
through S should be verified. Any violations will affect the optimality of the
method.

1. The procedure was derived for series subsystems; for practical purposes it is
sufficient that all subsystems are essential to system operation.

2. Subsystems should each exhibit exponential failure distributions.

Subsystems should be statistically independent; that is, the failure of any one

subsystem will not induce a failure of another subsystem. In addition. there

should be no appreciable failure rates due to interfaces (hydraulics, cabling,

fixtures, and so forth).

4. Each subsystem must have been tested separately until at least one failure
was observed. All tests must have been terminated at a failure. If the tests

W
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were truncated after a given time. discard all the survival time after the last
failure of each subsystem. If one or more subsystems have no failures. see

5.12.6.
5. The time to failure for each subsystem must be known.
b. Step 2: Initial calculations. Calculate and verify the total number of
subsystems tested, the total number of failures of each subsystem, and the total
temnn man ¢ h arlacurotar
Ubyblcl 1
c. Step 3: Parameter calculation. Calculate (m) and (v) using the following
formulae:
X .
m=Q [(r-WZ)+Z/
) J (B})
J=1
i
v= ltr —1Z% 4272
L J J ] b
J=1
\I"‘\ﬂfﬁ'
wiilLliu.,

r; = observed number of failures for subsystem
Z; = total time on test for subsystem j

Z,,, = least total time on test among k
k = total number of subsystems

Define the required confidence, (1 - a), for the bound and the mission time (t,)
to which the bound will apply.

d. Step 4: AO calculation. Calculate the AO system reliability bound using the
following formula:

o [ .
l_f‘(t_‘)- exp l-—t"x m\l—

+ \
1 om? Sm }

where:

R.(t) = AO svstem reliability bound

t,, = mission time

N
h
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m, v = parameters calculated in c (step 3)

n(l-a) = (1 - a)th percentile point from the standardized normal

(1-a) = required confidence

o

PRy P vs xR S, | PR S,

Repeat d (step 4) for as many different confidence levels as are required, using
the same (m, v). This computation is readily performed by the FORTRAN
program listing in 5.12.8. In this way sensitivity analyses may be performed.

e. Step 5: Calculate failure rate bound. An upper bound for the total system
failure rate, may be found directly from the AO reliability bound.

First, the system failure rate is estimated by:
A k
-1
¢, = Z ‘j = Z 8 j
J=1 J=1

where:
¢s = system failure rate estimate
¢; = jth subsystem failure rate estimate
8; = jth subsystem MTBF estimate ( = 1/ ¢))
MTBF = mean-time-between-failures

and where the (¢;) may be computed from:
b=r;l2,
Then, the upper bound on this failure rate is given by:
$, = iR tt )/t

where:

&< — upper bound on the system failure rate



Downloaded from http://www.everyspec.com

5.12.2 Numerical examples. Numerical examples have been developed to illustrate the
nemelin o 4 1
application of the AO approach and the verification of the model requirements. A complete
Aocinlmcnancrst fumens thaa Antn ~Anllantinem amd sadsintinm mhnca ¢t~ tha ~Aalanilatinaen ~AfFtha dacierad
development from the aata coliection ana reauction pnase {0 ine caicuiation oi tne aesirea AO
1 1 B3 | I TR S |
oouna will o€ prescnica.

Assume that the system cannot be tested as a whole because of costs. Therefore, its n
components or integrated subsystems (for example, 5) will be tested separately.

Assume that the conditions of the system (cost, size, and so forth) limit testing to a reduced
number (for example, 10) of each subsystem (that is, nj = 10,1 <j <5). Also, assume that these
units will be constantly monitored and that the failure times of each failed unit will be recorded
accurately.

Assume that the system as a whole has been designed to attain a specified upper test MTBF.(6,).
of 1000 hours and that all the times-to-failure of the item will be converted into units of this
by dividing the life of all failed items by (8;). This is a convenience. not a

of this mcf.hodn!ogy

simuitaneously put on test and the Iirst ou failures occurred, rcspecuvel) at standardized times

(t;) 0of 0.619,0.7, 0.9, and 1.1 (fori = 1, 2, 3, 4) in units of (6,) (that is, at 619, 700, 900, and
1100 actual life hours). The test for Subsystem 1 was stopped at the time of the fourth failure.
1100 actual life hours, and the total time on test for Subsystem 1 is recorded as:

N V' 4 1 | PP = e

subsystems j = 2, 3, 4, and 5, were caiculated in the sam

[¢']
-t

The total times on test (Z. e
E

101
and tabulated in TABL JX"Vm
Subsystem 1 yielded the smallest total time on test. In general, at this stage, an inspection should
be made and the subsystem with the smallest total time on test (regardless of total number of
units, on test or failed) should be recorded and renamed as Subsystem 1 Hence. its total time on
test will now become (Z,))). This step is crucial since the ordering of the smallest total time on
test as anvthing other than (Z,,,) will change the value of the lower bound. An example of an

C‘"‘

error of this type is provided in 5.12.5. Once data collection and reduction is performed. the AO

Saal RS o AR |

—
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procedure can be used to obtain a lower bound, for the reliability of the entire system. In order to

calculate the AO system reliability bound, use:

v Ry oYV )3l
+

9m? 3Im /]

R, )=exp [—tmx m(l—

First calculate the parameters (m) and (v). For the data appearing in TABLE XVIII, the
calculations for (m) and (v) are as follows:

[tr, —1)/zl+z,‘,,'

3
M~

~
"
—

3 i '] 2 1
=— ¢ —— e ——— ¢ — + +
9.9i19 15.966 26.897 26.511 62.439 9.919

= 0.3024 + 0.0625 + 0.0372 + 0.0754 + 0.0320 + 0.1008
=0.6103

i
2 -2
v = Z'[(r -1zl e 2]

3.1 12 2

" 98.387  255.872 = 723.449 = 702.833 & 3898.63 & 98.387

= 0.305 + 0.0039 + 0.0014 + 0.0028 + 0.0005 + 0.0102

“»

= 0.0493

At this time it is necessary to decide upon the level of confidence (1 - a), evel of significance

(a), with which the lower bound will be obtained:

Assume first that a level of confidence of 75 percent (that is, our estimated lower system
reliability bound) will in fact be below the real system reliability value at least 75 percent of the
time given the total times on test (Z,) < j < n obtained herein. For this case, we look up the 75th
percentile, n; _,, in a statistical table for the standardized normal distribution and obtain:

ng 7<=0.68

Assuming that the specified mission time for the whole system is 8, = 1000 hours (or t_. = 1.0).
we calculate the AO rehability bound as follows:
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for n(;.,) = 0.68. that is. a = 0.25 and t, = 1.0 (mission time)
Va3
P (s \_--_| P v...{l v 0.75) \]
nu j=expj—-t Xmypi- +
R =ep |-t xm{1-— )|
9m 3m

= exp[-1.0 X 0.6103 (1 -0.0493/9(0.6103) + 0.68V0.0493 /3 (0.6103))%|
= exp [-0.6103 (1 - 0.0147 + 0.68 (0.2220)/1.8309 )*]

= exp [-0.6103 x 1.0678]
= exp [-07430]
= 0.476

Another system reliability bound which will be below the real system reliability value only
percent of the time can be calculated as before, but now use, instead, the 50th percentile in a

standardized normal distribution table. This value is, of course, zero. This bound will be larger
than the previous one since it will bound the real system reliability value :

* =32 2% ARl 22Nl 2%

the times. It is obtained by repeating the procedure alrea ibed with the same paxamctcr.,
(m) and (v), since it is for the same system, and the same mission time (1), since requirements
for (8,) have not changed, and with the new percentile (n)

frr-
UL,

D
Sy
X
Q
-
ke
Qw
D
vU’v
sN
il
—
(=)

. _n
n“_a) =VU.u,

5: (¢, )= exp[—0.6103 (1 — 0.0493/9 (0.6103)? + 0.0 V0.0493 /3 (0.6103))°)

= exp [-0.6103 (1 - 0.0147 + 0]
[-0.6103 0.0147 + 0)’}

""I’

exp [-0.6103 x 0.9853%]
= exp [-0.5838)
=0.558

5.12.3 The case of only one failure in some subsystem(s). Considering the formulae for

the parameters (m) and (v). we can easily conclude that for every subsystem (j) with only one
obscrved failure (that is, 1;- 1 = 0) the information provided by this subsysten (o the reliability
bound is zero (that is. (rj- 1)/Z;= 0). That is, no matter what time a failure occurred in
subsystem (j). the term (r - 1)'7 vanishes in the equations for (m) and (v) and has no impact on

the calculation of the A() rehability bound (Rg(ty)). This was particularly critical in the original

I
O

-~ milnbmcen md b M cctbmbcman am Amiiacccm. mimicamm mman i
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version of (m) and (v), (see Reference 13, Table 2, Formula 1), and created a need for the
adaptive procedure. Formula | refers to the special case where only one failure is observed
during the testing of all subsystems integrating the system. The main problem with Formula 1 is
that, when r; = 1 for 1 <j <n, the term:

vlr, 1

N

Z(r -1V

J‘l

Ol=>

-~

S, Ni

which is indeterminate (that is, when each subsystem has experienced only one failure). With
the general version for (m) and (v) proposed in References 14 and 15 and suggested in those
references as the most appropriate one, this situation does not arise. In fact, if r;=1,1 <j <n, then
m=Z, and v = Z, are still well defined. We can appreciate also the 1mportance of renaming the
subsystem with the smallest total time on test among all subsystems under consideration, as Z,.
For this special case, take the same numerical example presented in 4.9.2 and modified as
follows:

Subsystem 1 Subsystem 2 Subsystem 3

t, =0.619 t, =1.146 =2.6897

t,=0.7 t, =1.65

t3 =0.9

t4 =1.1

n, =10 n,=10 n; =10

n= 4 n= 2 n= !
The system is now composed only of Subsystems 1, 2 and 3, with the same number of failures
and failure times for Subsystems 1 and 2 as before. However, Subsystem 3 now has only one
failure at the truncation time, 2.6897, in units of (8,) (that is, the test was stopped at the time of
the first failure)

Calculations of (m) and (v) are:

3
ms= 2_ (r. -IVZ(”
J=1

aAm oem

60
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&
ve ) (r —1¥2%+2 2
-t
“4-1 @-1) a-1 1

- + +
98.387  255.872 & 123.449  98.387

With these values of (m) and (v) we can calculate a 50 percent AO lower system reliability
bound for the specified mission time 8, = 1000 hours (t,, = 1.0 in units of 8,). Thus:

| { v "’!!-e)\ru.\s]
I_{s(‘m)-apl-‘”‘xmkl—ﬁmz*, dm )'l

c
1

To calculate the iower confidence bound for a level of significance of 7
procedure used to caiculate a 50 percent lower system reliability bound.
percentile, ng . 5) = ng 75 = 0.68, we have:

for t;, = 1.0 and n; ) = 0.68, that is, a = 0.25

= exp[-0.4657x1.0800°]

. (-xl)l-o.sxéf)]
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0.5562

interested in the estimated system failure rate (¢) as well as in the estimated reliability (&(¢,,)) of

5.12.4 An estimator of the failure rate upper bound. Often, reliability engineers are

where:

jth subsystem failure rate

L)

jth subsystem MTBF

E

8;

Therefore, an estimator (¢,) of the upper bound for the total system failure rate ( ~ will be:

(9,) failure rate

5.12.2; (t,,) 5 the specified mission time and (In) is the natural logarithm. This
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.2. Examples are as

system failure rate (¢,) for the two examples developed in 5.12.1 and 5.1

L ¥

a. For the calcuiation method, where the level of confidence was 75 percent:

31

~

o~

Y

-A
-3

]
<>

uh

rcent upper confidence bound for total system failure rate (that is, this

b. For the second example, where the level of confidence was 50 percent, we have:
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Dmanum.fmmAQ_mcmdmumms Cautlon egarding the of the AO

nn-nnl\n PN

suggestions for dealing with deviations e requirements are as provided

The exponentiality of the statistical distribution of the times-to-failure and the
independence of the subsystems should be carefully checked. Both
requirements represent ideal conditions. However, they can be justified in
practice. For example, the exponential distribution requirement can be
justified by using burn-in and quality control procedures for the subsystem’s
critical components. The subsystem’s independence requirement can be
justified by the technical knowledge that actual subsystem interfaces negligibly
affect reliability. When either of these two conditions is gravely suspect, the
present AO procedure should not be applied: If it is absolutely necessary to
use the present AO procedure, then extreme caution is required and the results
should be interpreted with great care.

This caution relates to the termination times of the different subsystem tests.
All tests should be failure truncated, that is, terminated at the occurrence of a

failure (Type Il censoring). Mixtures of Types I and II censorin

I'lypeslandll
not recnmmended If. in a piven subsystem test. the test truncatio

220 IR AA0ANAARSNNS. 2, a2 @ AV was S S ) Sivaii twdty i o

other than a failure time, it is recommended tha

Th . IMn o fiha AN

The ordering of the data is very important for the correct application of the AO
R + th thal ¢ tntal s + o.....-o.-.l sinvie ko

procedure. The subsystem with the least total time on test must alwa)b be

al o Y __ Y .t L\ s N . A __ ____

terms of the calculation of (m) and (v) parameters. An example of the
consequences for noncompliance with this requirement is presented in
TABLES 19 and 20. Observe how the resuits vary considerabiy due to (Z;))
not being the least total time on test among the subsystems.

The AO approach requires the observation of at least one failure in each
subsystem. This is a very strict requirement and a must for the correct
application of this AO procedure. When dealing with high-cost, ultra reliable
systems, the necessary time to obtain a failure in some of the component
subsystems may be too long. Also, the number of items on test for a given
subsystem to obtain a high probability of getting a failure before truncation
time may be too small. In practice, for some particular subsystem, testing may
have to be terminated before observing the first failure, but an engineering
assessment is still required.

Under the real life constraints fd= the use of ar

lcn
n.
]
3
=,
<
g ]
e}

required in order to provide a gross approxxmatl n for the system reliability
bound. Assume that a first .aa!ure has occurred at the time of test truncation
(for the subsystem without any prior observed failures) and calculate the lower
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AOQ system reliability bound. This will provide a gross lower bound for the
AQ system reliability bound. Care should be taken not to use this procedure
where the total time on test for the subsystem is the smallest (that is, Z,,,).

f. Given the formulae for (m) and (v), in the case of one real or imaginary failure
in any jth subsystem, thenr;- 1 =0 and (r; - 1)/ = 0. Therefore, the
information contribution of this subsystem to the reliability bound is null,
unless it is the one with the smallest total time on test.

5.12.6 No observed failures. An example of the adaptive procedure for dealing with the
cace nf na nhecarvad failurac far came cnhevetem icn ‘nﬂnr‘ healaw fcoo afarancra 12) A ccrvema
TUOV Vi iV VUOWE TVU 18IIWIWY V] SV SUUD T Stwiil i0 PIVVINMYW UiV VY {Owb Alwibiviive 1 J ). 70Ul
that far tha cannnd enthevetom thao tact wae tarminatad hafara tha firct faihiira Anstsierad that 1o
HIGL 1UL UiV OVLVLIM SUHUD Y Olviliy UiV TLol VWWaD twiiiilliaivu Uil Uiv .lll St lAliule UL U, U L 1.

Z,=17.607 Z, =20.045 Z,=33.644 Z,=51.495

~ 1 ~ -

n=2 n,=1i ny =2 ng=3

Z,=82214

Ng= 3

Exact (90 percent confidence) bound = 0.726. AO bound = 0.735 (at 90 percent confidence
level)

Assume that for Subsystem 2, the test was truncated before the first failure had occurred and the
corresponding total time on test for Subsystem 2 at the truncation time was Z,= 19.5

Assume that one failure had occurred at this truncation time. The gross lower bound is obtained
as AO bound = 0.719 (at 90 percent confidence level)

5.12.7 Tvoe I censoring. To consider a test truncated at other than a failure time, assume
that the Subsystem 3 test was truncated some time after the first failure but before the second

failure, depxcted in FIGURE 45. Had we waited to observe the second failure, the values

nhtatnad annards ng to Rafarance 11 wnanld he-
vVviadilivud avwuUuil g 5 WV ANV IVIVIIVY 1 J TTUWIN Uw.
7 —~=1AK1 7 =128 Q71 7. =KD LA
Ly T 1 o) dde7 I3 &3 Ve Ve
—_—n —- " _
=< np=c n3=>5

Exact (90 percent) bound = 0.731. AO bound = 0.738 (at 90 percent confidence ievei)

If we assume that the truncation time was (T*), the values obtained up to the first failure (that is.
neglecting test time from the first failure up to time (T*)) would be:

64
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ivaBRi Baararamn” iU

Z, =146l Z, =35971
n =2 n,=2

The result is AO bound = 0.781 (at 90 percent confidence level)

An alternative adaptive procedure is to assume that time (T*) is the time of the second (last)
observed failure. This is not recommended because of the conditions specified in a through ¢:

;"”n 'k bnl‘nr\t“ cf\l'n“Y'“n rﬂ'l“'ﬂ ’;mn ‘l"l‘ naroar '\A l’ﬂl\“m A S7-W . Y.L ¥4 ‘\A

iNCC WiT SCCONT ICLUOWINE 1aliUlT UlliC Wi NICVET OC KII0WTI, WE [Tidy o
mtendiininn nnanaconm hing te tha nealusio ey nostzesien o (TEY 6 s o £oilon
HIUUUULLLLE 1 S J Ulad 11l UIC allal ydId Uy addullillg (1 ) U UC a 1altuic
time

taken at any other time than at a faiiure.

5.12.8 Computer program. A computer program was written to impiement the AO

methodology. FORTRAN listings are included in FIGURES 152 through 154. The program is
self-contained and may be adapted for any computer with a FORTRAN compiler. The use of the
program requires the data specified in a through c:

a. Inputs:

k =

o

. Outputs:
Ml =
Vi =

M2 =

number of subsystems
total time on test for the subsystem with least total time on test

number of failures of the same (previous) subsystem

total number of failures for ith system

m;necnn f;ma AAB“'AA ;“ Ol\n Fﬂ"ﬂk;‘;"’ kl\l"\f*

3411001V1AI tilllv UVOLI VA 11 WiV LIviiQAuiiL VU WLING

IISIUIVYT DY Pt TSI - 35 SIS PRGN B DRGNS NPt RPN N 1.3 [UNE IR |
pCI' CIILIC O1 UIC COIMIQUCIICC ICVE] UCSIITU il UIC ITHAaDIllIlYy boullu

parameters

parameters

parameters

parameters

S — = mmm— ereevee- pre v wawsss vy

svas & wraa
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M3 = parameters
V3 = parameters
. Reliability bounds: Of these results, only the recommended values M2, V2. and

the corresponding bound are presently printed. The other res lt s are inserted as

comments in the program. The user may activate them easily by removing the
comment command, An example run for the data p"“-’ldtd in TABLE XXIis
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6. COMBINED ENVIRONMENTAL TEST CONDITIONS

6.1 Purpose. Section 6 provides guidance to individuals responsible for establishing the
et et bnne TL_ daba la cmmanactad ten n cmmmcrcmam sttt Al dm i 6 a
COmMUDINCU CNVIrommneai wodt. i1ic aata 1d prodcucd 1l nanic! wildll elivoulagcs diorng
specific sysiems, platforms, and operational environments

6.1.1 Scope. Section 6 discusses the combined environmental test conditions to be
applied during reliability tests. The analyses needed to establish the appropriate test conditions
are provided also.

6.2 Thermal and Vibration Survey.

Purpose. The purpose is to establish and implement survey testing procedures so that
thermal stabilization and resonant conditions of the equipment can be determined.

Description. Thermal and vibration survey testing should be conducted on a sample of
the equipment to determine the level of equipment thermal stabilization and to search for
resonant conditions and design weaknesses. Thermal and vibration surveys should be performed

prior to the start of reliability testing.

Thermal survey. A thermal survey should be performed on one sample of the equipment
to be tested, under the temperature and duty cycle specified in the reliability test procedures. The
thermal survey should be used to identify hot spots and the component of greatest thermal
inertia, and to establish the time temperature relationship between the equipment and the
chamber air. These relationships should be used to determine the level of equipment thermal

stabilization. The lower test ievel temperature stabilization occurs when the temperature of the
point of the maximum thermal inertia is within 2°C of the lower test level temperature or the rate
of change is less than 2°C per hour. Upper test ievel temperature stabilization occurs when the
temperature of the maximum thermal inertia point is within 2°C of the upper temperature level or
the rate of change is less than 2°C per hour. Temperatures of equipment cooling air and chamber
air should be recorded continuously during both the survey and the tests. Should the results of
the thermal survey indicate local temperatures significantly higher than those predicted by the
final thermal design analysis or greater than those used for derating in the reliability prediction,
corrective action should be accomplished, verified, and approved prior to the start of reliability
testing.

]

Vibration survey. A vibration survey should be performed on one sample of the
equipment to be tested to search for resonant conditions and design weaknesses. Unless
otherwise specified by the procuring activity, the vibration conditions should be those specified
in the reliability test procedures. Any failures which occur during vibration survey testing should
be reported. investigated. and anaiyzed for cause: and corrective action shouid be accomplished.

verified, and approved prior to the start of reliability testing. Equipment mounting for the
vibration survey should simulate mounting in actual use.
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6.3 Mission and life-cycle environmental profiles and test conditions. Mission and life-

cycle environmental profiles and test conditions are as provided in 6.3.1 and 6.3.2.

6.3.1 Mission and life-cycle environmental profiles. The mission profiles should be used

to determine the environmental specifications and should be derived from the operational life
profile defined by the equipment or system operational requirements. If this information is not
provided in the original contractual documentation, provision should be made for the procuring

activity and the contractor to cooperatively derive the mission profiles and the equipment

environmental specifications. This derivation should make use of historical data on similar
equipment applications and mounting platforms and the effect of equipment location in the

.
platform should be accounted for. Each significant life-cycle event must be considered,

1 i 1 A tantinnl smiocinme fmalisAia s
including tr nspor .at:en, handling, msta!latmn and checkout, and tactical missions including

6.3.2 Emmnmgmahmndﬁmm The reliability growth, quaiification, and
acceptance tesis should be performed under the combined influence of eiectricai power input,
temperature, vibration, humidity and other appropriate test conditions. The test levels for these
test conditions should be derived from the equipment's mission and environmental profiles.
When the equipment is designed for one application, with a single mission, or one type of
repetitive mission, there is a one-to-one relationship between the test profile and mission and
life-cycle environmental profile. The test conditions should simulate the actual stress levels
during the mission. If the equipment is designed for several missions and environmental
conditions, the test profile should represent a composite of those missions, with the test levels
and durations being prorated according to the percentage of each mission type expected during
the equipment's life cycle. In order to derive realistic test conditions and levels, the actual
environments (especially temperature and vibration) should be measured at the location where
the equipment is to be mounted during an actual mission operation. Where such data are not
available, the conditions and levels presented in 6.4 through 6.11.1.4 may be used as guidelines.

6.4 Combined environments for fixed-ground equipment. Equipments designed for
fixed-ground installations are generally located in a controlled environment within a building

_____ “oSs YAl 1 L3 Q1) IVRLAlAl A a Ul Tl

and, therefore, do not require cychc envxronmental testmg (see Referen 16). However since
1S i

I-
=
i
l
2
3
l
}
o]

6.4.1 Electronic stress and duty cycle. The equipment should be operated at nominal

design input voltage for 50 percent of the time and 25 percent of the time each at minimum and
maximum input voltages. The input voltage range, if not specified. should be +- 7 percent of the
nominal input voltage. The duration of the operating cycle should depend on the operational use
of the equipment; typically. four hours, eight hours, or 16 hours per day, or around-the-clock
continuous operation with periodic shutdowns for routine maintenance should be considered.

68
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The equipment duty cycle should be ON about 90 percent of the test cycle. The OFF neriods
should be randomly selected.

Yibration stress. Normally, vibration stress testing is not required during the operational
phase of the environmental profile. If the equipment is not packaged specifically for
e ins

yllw\r Vi WUiw Wil v l\ll"u
transportauon to the installation site, a nominal vibration stress, consnstmg of a single-frequency

sine-wave vibration at 2.2 gr avitational acceleration units pCaK {g S pK) at a nonresonant
frequency between 20 hertz (Hz) and 60 Hz, should be applied for 20 minutes before starting the
reliabiiity test. If the equipment has specified shipping comlgurauon it shouid be quaiified for
adequate shipping protection by packing it in that configuration and testing it prior to the

reliability test in accordance with the shipping vibration and shock expected.

6.4.2 Thermal stress. The equipment should be operated at its specified ambient
temperature. If not specified, use these thermal conditions provided in a through e:

a. Cold soak temperature: -54°C

b. Hot soak temperature: +85°C

c. If the equipment is installed in an occupied building with automatically
controlled air -conditioning and heating, use 25°C as the operating ambient
temperatue. Computer equipment should be controlled at 20°C.

d. If the equipment is installed in a nonair-conditioned building where summer

heat may reach a high temperature, use 40°C as the operating ambient

temperature
e. If the equipment is in an unoccupied, nonair-conditioned enclosure and in
. (3]
semitropical or tropical locations, perform one-half of the testing at 60°C, one-
(] (4]
quarter at 40°C, and one-quarter at 20
N M remidit tactina to st maial end rrmloce cmaniflod Se ths mmcsac s Oon
6.4.3 Humidity. Humidity testing is not required unless specified in the contract. See
A o itsneanl aridanan fae bisean:d: PP SN
AR70-38 for additional guidance for humidity testing
L E ML Y __a_ Lo L _ 3

6.5 Combined environments for mobile ground equipment. This category of equipment
includes wheeled vehicles, tracked vehicies, sheiter configurations, and manpacks (see Reference
16). The specific equipment application should be considered when specifying the combined
environments for reliability testing. Equipment operating on moving platforms, including
wheeled and tracked vehicles, and while stationary, should be considered in developing a cyclic
test similar to the test shown in FIGURE 47. The test profile duration should be 24 hours or an
evenly divisible fraction thereof. Climatic extreme and vibration data should be considered to
represent maximum conditions. The actual test environmental conditions should include a
distribution of values which reflects expected conditions. Only a small fraction of test levels
should reach the maximum conditions.

6.5.1 Electrical stress and duty cycle. The equipment shoul
design input voltage for 50 percent of the QN time i 0

n
J
D
-
)
«
3
—
o
-+ .
e~ ¥
= g
(4]
O R

e for2

time, and at maximum volia

age
specified elsewhere. should be spec:ﬁed n a through d:

oY
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a. Wheeled vehicle equipment: + 10 percent of nominal or as specified by the
procuring activity.

b. Tracked vehicle equipment: + 10 percent of nominal or as specified by the
procuring activity.

c. Shelter configuration equipment: + 10 percent of nominal or as specified by the
procuring activity.

d. Manpack equipment: For 24 volts direct current (VDC), volts (V) maximum =
32 V; minimum = 20V

seasaazsaaaina

The duration of the operational test cycle should be based on mission requirements and
equipment design control specification. The duty cycle should be ON 90 percent of the time and
OFF 10 percent of the time. The OFF periods should be randomly spaced. If designed for
................ &2 e " = mea mtmlie Lo JLIO el a1 L1yt L. Lt
continuous OpCration 10r an €igni-nour sniit, in€ operating Cyci€ snouiad oe eignt nours with
complete shutdown before the next operation. This time period is long enough for the equipment

to stabilize at the ambient temperature.

s o~ oy

6.5.2 Vibration stress. Uniess otherwise specmed by the procunng activity, the vibration
stress shouid follow general guidance is as specified in a through d..

a. Wheeled vehicle equipment: 5 Hz to 200 Hz to 5 Hz for a maximum time of 5.5
hours, using a cycle of 12 minutes on each of three axes. Maximum g-level is
3.5 g. Maximum displacement is }-inch double amplitude (DA).

b. Tracked vehicle equipment: 5 Hz to 500 Hz to 5 Hz for a maximum time of 3
hours, using a cycle of 15 minutes on each of three axes. Maximum g-level is
4.2 g. Maximum displacement is 1- inch DA.

c. Shelter configuration equipment: 5 Hz to 200 Hz to 5 Hz for a maximum time
of 5.5 hours, using a cycle of 12 minutes on each of three axes. Maximum g-
level is 3.5 g. Maximum displacement is 1-inch DA.

d. Manpack equipment: 5 Hz to 500 Hz to 5 Hz for a maximum of 3 hours, using

a cycle of 15 minutes on each of three axes. Maximum g-level is 4.2 g.

1

tionary for a major portion of the time, the

13 s I, SN

6.5.3 Thermal siress. The equipment should be operated at the specified ambient
temperature conditions from minimum to maximum, as shown in FIGURE 47. If no ambient
temperatures are specified, the temperatures specified in a through c should be used:

a. Cold soak temperature: - 54°C (start of normal cycle)
b. Hot soak temperature: + 85°C (every fifth cycle)
c. Operating temperature range: - 40°C to + 55°C
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6.6 Combined environments for shipboard and underwater vehicle equipments. The

combined environments experienced by shipboard equipment depend on the location of the
equipment onboard ship and the ship type. Equipment mounted in unsheltered deck or
superstructure and mast areas will experience more severe environmental stresses. This
equipment includes Naval surface craft, Naval submarine, marine craft (Army, landing), and
underwater vehicles specified in 6.6.1 through 6.6.4.

6.6.1 Nava] surface craft. The combined environments experienced by Naval surface
craft equipment depend on the location of the equipment onboard ship (see Reference 17).
Equipment mounted in unsheltered deck or superstructure and mast areas will experience more

severe environmental stresses. Categories of Naval surface craft equipment environments are as
specified in 6.6.1.1 through 6.6.1.1.3 (see FIGURES 48 through 53).

6.6.1.1 Externally mounted equinment. The Sugggs;gd test profile for externally
mounted equipment is provided in 6.6.1.1.1 through 6.6.1.1.3.

6.6.1.1.1 Electrical stress and duty ¢ycle. During the operating cycle, input voltage
should be varied between several levels as shown in FIGURES 48 and 49. Unless otherwise
specnﬁcd by the p ocunng activity, the input voltage range should be +7 percent of nominal
design voltage. After reference measurements are taken at nominal voltage and room

temperature, minimum and maximum voltage should be applied during the operating cycle as
shown in FIGURES 48 and 49. The duty cycle is given also in FIGURES 47 and 48. The
equipment should be OFF about 10 percent of the time. Power should be ON during the cold and
hot soak periods.

6.6.1.1.2 Yibration stress. The vibration stress should be applied according to the
schedule in FIGURES 48 and 49 on a 25 percent randomly selected duty cycle. The vibration
spectra should have the shape defined in FIGURE 54. The test should be run on a single axis
specified by the procuring activity.

6.6.1.1.3 JTemperature and humidity stress. The suggested temperature and humidity
profile for externally mounted equipment is provided in a through o below. All relative humidity
(RH) values are +5 percent (RH):

a. Starting from 22°C and 25 percent to 75 percent RH, lower the temperature
(¢] 3 (+]
to -50°C as rapidly as possible. hold at -50°C (cold soak) for 1.75 hours
: Ve s during tha
(ON). Raise the temperature t0 -32°C. Apply the cold soak only during the

first three cycles.

. DIOWI\ iower the temperature to - -34.
. blOWI\ raise the temperature to - ’8

O : 1 r -\ z

C over a period of 3.5 hours.
" over a period of iJ hours.

o
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d. Raise the temperature to 22°C over a period of S hours.
e. Hold the temperature at 22°C, but bring the RH to 25 percent to 75 percent

q

over a period of 1 hour
f Raice the temneratire 25°C and the RH ta 95 nercent aver a nerind nf 2
1. Raige the temperature to 20 C angd the R 10 YO percent overapenioQ ol £
miiere
LIV O
o Nuae tha navt 10 hanee claudy ratea tha tamnaratiira ta 7Q% ith tha DI
g€ UVer Ui HieXl 1 v nduls, sidwi WCMpEratuic 0 45 © Wil Ui A

Kept continuously at $5 percent and hold for 5 hours.

h. Slowly lower the temperature o 25°C over a period of the nexi 5 hours with
the RH kept continuousiy at 95 percent.

I. After 2 hours, iower the temperature to 22°C and the RH from 25 percent to
75 percent.

j. After 2 hours, raise the temperature to 25°C with an RH of 65 percent.

k. Over the next 12 hours, raise the temperature slowly to 48°C with an RH of
25 percent and hold for 2 hours.

l. Raise the temperature to 65°C (ON) and raise the RH to 95 percent and hold
for 2 hours. Drop the temperature to 48°C. Apply the hot soak only during
the first three cycles.

m. Over the next 9 hours, slowly lower the temperature to 22°C and bring the

RH to 25 percent to 75 percent.

Repeat steps { through i six times.

m to sten a and repeat the cycle unti i] the desired test d

1mm n
Tur stepaandr

P

PE

is as shown on FIGURES 50 and 5i.

6.6.1.2.1 Electrical stress and duty cycje. The electrical stress and duty cycie shouid
conform to 6.6.1.1.1.

6.6.1.2.2 Vibration stress. The vibration stress should conform to 6.6.1.1.2.

6.6.1.2.3 Temperature and humidity stress. The temperature and humidity stress profile

for internally mounted equipment is as specified in a through m:

a. Starting from 22°C and 25 percent to 75 percent RH, lower the temperature
tn -SN°C ac ranidly ac naccihle and hald a -80°C (cold enak) faor 1 75 hour
(S V] w\J N e A l-AJ bt rvﬂﬂ‘vl' AL ALW AW WO W N \Wwews wwemes awe & W ssT=S
(MNEEY Daica tha tammnoratnra tn N°C ac ranidlv ac naccihle  Annlv the cald
\wii ) DALV Wb WillpPVIGiWv W U L GO 1apiuiy GO pusaiuiyv QAP U wViw
mamml, mley e Bt thma mernlan
SU¢ Uiy 1ui 115t Ul CYLILD

1 Y'Y 11 A0~ 1L Py RUSRS DRSPS I Sy !(\0(‘ nnnnnnnnnn A ~F

p. Hoild §°C for 19.5 nours. tnen raise tne temperature to 15 L overa pcuuu Gi

N
3
7

c. Over a period of | hour. establish conditions of 22
percent RH. ‘
d. Over a period of 2 hours, establish conditions of 37°C and 50 percent RH.

~IJ
ta
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RH; hold for § .hou.rs.

f. Slowly during a period of 5 hours, establish conditions of 37°C and 50
percent RH

g. Hold 37°C for the next 2 ho urs but lower the RH to 43 percent.

h. After 2 hours establish conditions of 41°C and 33 percent RH.

I Slowly during the next 9 hours, establish conditions of 50°C and 21 percent
RH; hoid for 6 hours.

J- Rapidly raise the temperature to 65°C and the RH to 95 percent; hold for 2
hours (OFF). Lower temperature as rapidly as possible to 50°C. Apply the
hot soak only during the first three cycles.

k. Over the next 5 hours, slowly establish conditions of 22°C and 25 percent to
75 percent RH.

1. Repeat steps d through i six times.

m. Return to step a and repeat cycle until the desired test duration is obtained.

6.6.1.3 Internally mounted equipment. temperature controlled space. See FIGURES 52

and 53 for the full profile of the internally mounted equipment for temperature controlled space.

6.6.1.3.1 Electrical stress and duty cycle. The electrical stress and duty cycle for

internally mounted equipment in a temperature controlled space should conform to 6.6.1.1.1.

6.6.1.3.3 Temperature and humidity stress nrofile. The temperature and hw“xﬁidiiy stress
1 3 1ad crmnnpc je menirndad (n o
profile for internally mounted equipment in temperature controlled spaces is provided ina
thronoh

- Qépcitlcm Lo A0 3 Ap

ouuung irrom 22°C and 25 percent to 75 percent RH, iower the temperature
as rapidly as possibie to -50°C (coid soak) and 25 percent RH; hold for 1.75
hours (OFF). Raise the temperature to 22°C as rapidiy as possible. Return
the RH to 75 percent. Apply the cold soak only during the first three cycles.
Siowly over a period of 15 hours, establish conditions of 25°C and 30
percent RH.

c. Slowly over a period of 7 hours, establish conditions of 25°C and 30 percent
RH.

Repeat steps a through c six times.

Lower the temperature to 0°C in 1 hour; hold for 5 hours.

After 2 hours, establish conditions of 20°C and 46 percent RH; hold for 6
hours.

After 2 hours. establish conditions of 50°C an
hours. Raise the temperature as r_pidly as possible to 65°C; hold for 2 hours
(OFF). Decrease the temperature rapidly to 50°C. Apply the hot soak on

r ,'f']
only the first three cycles.

o

me a

2]
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h. After 2 hours, establish conditions of 22°C and 25 percent to 75 percent RH.
1. Return to step a and repeat the cycle until the desired test duration is
obtained.

6.6.2 Naval submarine. The submarine profiles should be based on a 24-hour test cycle

which should be repeated for the duration of the test (see Reference 18).

6 ino the onerating cuele the innut valtaos
AL ARl diamy asw vr\ilu\lllb UJ wiwy bW llly\‘b 'Ull“s\v

should be aned between several levels as sh own in FIGURE 55. Unless otherwise specified,
the inrmit valtaonae ranne chAnld he + 7 rnorront nf nAaminal Dafasrannca maanciicasmeamts ol 1.1 Lo
LIV ipul YULWGEL 1TAlipLV S1LIVUIU U I PVivvial UL viiiiial. NNCICICIVE HICTadWICHICIIW dIuuld uc
mado at nAaminal valtanae and ranrm tamnaratiiea AAismissverser vraltnann alaanald Lo el d £ ot
HIguL @l Juviuiial vullagh aliv iU wlipulaiuic, VAU vUIage d110uil o€ appii€d 10r i€
imitinl mamad AfC4ha Acmacnticer Atrnala nmd seancrtoantsoen sraléaa .,L- AL o Y03 8 LL_ ___'_ 3 _r
ililal peiivd Ul tic upilauilg Lysic and iiaaliuiil voiiage Snouia oc appiica auring wne perioa ol
highest ambient temperature. Nominal voltage should be applied for the balance of the cycle and
al. o ..o PR [ S 12 L_ __ _L_____ ' _ TYI/AAYTITMI™ £r
UiC autly CycCic 5iiouid oc as Snnowrl m riIguKr J>o

I‘\"\ Tret .l

6.6.2.2 Yibration siress. Submarine vibration siress ieveis are normaily extremeiy iow.
However, since vibration levels after battle damage and during transportation may be
considerably higher, the vibration stress of FIGURE 54 shouid be used with the profiie shown in
FIGURE 55. The actual vibration time shouid be 3 hours in a 24-hour test cycle. This test
should be run on a single axis selected by the procuring activity. The battle damage spectrum
should be applied for 10 minutes during each 24-hour test cycle at the start of the vibration
cycling. The transportation spectrum should be applied for the remainder of the 3 hours, in 20-
minute intervals, with 10-minute breaks.

6.6.2.3 Temperature and humidity stress profile. The temperature and humidity stress

profile for Naval submarine equipments is provided in a through k:

a. Starting from 22°C and 25 percent to 75 percent RH, lower the temperature as
rapidly as possible to -50°C and hold for 1.75 hours (OFF). Apply the cold soak only on the first
three cycles.

b. Raise the temperature to -35°C; hold for 2 hours.

c. Raise the temperature to 0°C; hold for 2 hours.

d. Raise the temperature to 22°C; hold for 6 hours.

e. Raise the temperature to 50°C and the RH 10 95 percent; hold for | hour.

£ alcs tho tamnoratiime tn AROF‘ hnalAd far 2 Aanre (NERY  HalA the R ar QX

A NGOV WUlv “vluy\uuu.u\- W VJ/ Wy lIVIW LV & IVWLO \va a } 4AVING WiV AN L GV D
percent. Apply the hot soak only during the first three cycles

g TV mesram dhn ¢ace e ndrion 40 SN0 o2 4l DLY 6 €8 cmmennee IS P Y G, T N

2. LUWLI UIC WCHIPpCIatulT U JVU L alid UIC DN W vy PClelll. 1IVIU 1UL £ 1IUULD.

LY S T Y SN 4 MO a1 _  L_ DY NE e, L 1AL _ A

n LOWC lﬂ cmpcrdlurc L0 L4 L dIld [ald>C UIC NI 10 Yo PCICcCliL, nola 10r 4
hours.

i. Lower the temperature to 0°C and lower the RH to the 25 percent to 75 percent
range.

. Lower the temperature to -35°C over a period ot 2 hours: hold the RH in the
25 percent to 75 percent range for 1 hour.
Repeat the test profile as directed by the Program Manager.

e

=
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6.6.2.4 Moisture. Moisture levels are not a significant stress factor for equipment
installed in nrotected areas on submarines.

SEaSiTacTe 22l pPRRRSRATS S RC LN NS TR

A A QU NMarina rraft ( Armu) Mnnnn rraft incrlndec a variety nf ecmallar frraft c11nh ac

WVi\Je/ WJ AL AW WIAiRMAL LIAWANNAWD & VNIVLJ Wi Jilitdiilwl Wil oUWl GO
landing craft and smaller vessels used on interior waterways. The environmental stress cycle for
e matn s mendd ln ~leiaee fee CIMNTIDLE €L fonn Dafavanaa 14N\ Thn tant nirala Avientine alian:ll . DA
INAi HIC CIadall 1D ZIVECIL 1l T'ITUUNL JU \)CC I\CICICIILC lU). 1]11C LOOL \-)’LIC WUl dAdLlIVIl DIIVUIU DC L9
hours or a fraction thereof. The environments for testing small marine craft are

6.6.3.1 Thermal stress. Uniess otherwise specified by the procuring activity, the marine
craft thermal stress environment shouid be constructed from a combination of the environments
in TABLE XXIII.

6.6.3.2 Vibration stress. If the vibration is unknown or not specified, the requirements
provided in a through c should be used:

a. Amplitude: .020 inch (DA) +.004 inch (DA)
b. Frequency range: 4 Hzto 33 Hzto 4 Hz
c. Sweeptime: 10 minutes + 2 minutes (up and down)

6.6.3.3 Electrical stress and duty cycle. A voltage variation of +10 percent is normal for
e craft. A typical profile would be: 25 percent of the time at nominal +10 percent; 25

alt S 1% >

mari -I!
percent of the time at nominal -10 nercent; and 50 percent of the time at nominal. Unless

othcmnse specified by the procuring activity, the duty cycle of input power should be 10 percent

OFF and 90 nercent ON_ in a nreselected irregular nattern

Qi Pivedin AN, G & PITOITRItE sl p il pasitaii.
’ r (-] r

Environmental test data which is appropriate for the
reliability testing of underwater vehicles is presented in Reference 19. Government Program
Mamg‘“ gers and eqmpmem developers are referred to Reference 19 for appropriaie test data. 1t
shouid be noted that ihe daia in this repori applies only io the MK-50 torpedo; other sysiems may

require exirapoiation of data.

6.7 Combined environments for jet aircraft equipment. A combined-environments test
cycle should be used whenever possibie for testing jet aircraft equipment. During this cycie the
thermal stress, vibration, humidity, and input voltage imposed on the test item should be varied
simultaneously. The specific test conditions 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, type of cooling for the compartment in which the equipment is
located (air-conditioned or ram air-cooled), and the type of equipment cooling (ambient or
supplemental air) which is being used (see Reference 20).

6.7.1 Mission profiles. Each aircraft type is designed to operate within a specific flight
envelope and to fly specific mission profiles. The environmental profiles used to test prototype

and nradnction aireraft choilld he haced on thece 1o0ht envelonec and nraofileg w}\Pn dPQIOn
QiU pPIVUULLIVIE Qv Gy SHvuiu U U Vi MOV Mg Vi Y eIV pP WS and PV S. Awas WS

Nlinht nnualnnae and light mviccinn nrafilac aro nnt avallahls tha nnnnrﬂl;'lnr‘ ﬂﬁn 1t nn\vplnnnc mn
THENUCHVOIUPLY Al THRHU TSI PJIULTILGS dlb vt avaliauis, Uiv guiivialiioed diplit VHYLvivpes 1
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FIGURES 57 through 62, and the tables incorporated into those figures, should be used for
developing mission profiles (altitude and speed versus time) for specific aircraft types. From
these mission profiles, reasonable and practical environmental test profiles may be developed.
The mission profiles are classified by special aspects such as phase altitude, phase Mach number,
phase duration, and transition rates between steady-state conditions. If mission profile
information is not available, the data in 6.7.2 through 6.7.2.8 should be used to establish the
environmental test conditions.

MICCINMN MArN Il ’r‘\ nen I l\ ! I‘h mnct ﬂ I“ﬂr Pf‘ ars temnerathiire I}I'\m' 1NN hnm;r“h: Q"\f‘
PRYVAISISFAN )Y Y PI\JLIA 4w WU A AVIV l 'll Wwid JAAVWIY Viw Wwil IVU -l v b llly'l“lw" VAULAWIVIE, Au-uuu.u\], Al IS
it valtnna Lanrh tact Aavala chanld Annnciet Af hurn miceinne Nna micecinn chanld ctart in a ~alAd
HIPUl YUIGEG. LaGwviil ool UJU!U DIV UIU VUVIIDIOL UL LYTYU JLIIOJIVILID. Vil 1111001Vl DLV UIW oW L 111 QG vUVUIJ
Amvrimnsmsrrneet movd smmmnaa A tn a hat anvis~nnmmant: tha cannnd miccinn chanld ctact 100 o hAt
CilV1IVIUIICIIL allu PIU\-CCU LU a 11Ul Cl1IVIIUVILIIVELIL, UIG OVLVULIA T11IDDIVIL DI1IVUIU Dlaut 111 a 11IUL
environment and return to a cold environment. The mission profile should be analyzed to

‘‘‘‘‘‘‘ ot __aY 4 Lo emnl A falin Sl £ Ld bnas (a1 £ 1 ___.L
uctcrmmc lﬂc ENVITronmerial Suress lCVClb 101 €acn 01 n¢€ missSion THREIIL PIAdTS (lancvll, Clmo,
combai, ianding, and so forih) as weli as for gfounc condiiions. in addiiion io the information
derived from the mission profiie, the data specified in a through d should be compiled.

a. Equipment class

b. Equipment location within the aircraft

c. Type of cooling for the compartment in which the equipment is located (air-
conditioned or ram air-cooled)

d. Type of equipment cooling (ambient or supplemental air)

A table of environmental profile data should be prepared for the specific aircraft and equipment
under consideration. This tabulation should include the data specified in e through p:

Mission phase

Duration (minutes)

. Altitude (thousands of feet)

. Mach number

Compartment temperature ("C)
Temperature rate of change (°C per minute)

Nunamic nreccure q (nounds ner sonare fnn

Al J ALY PiwOU I M \pPUmaies ped Sepieiss

oM o

[

e
c-o
=
o

/n“

i. Power specmu density (PSD), W¢(g"'Hz) = K(q) ', where q = dynamic pressuré
m. PSD,W,(g"/Hz) = W,-3dB

n. Humidity

o. Equipment operation

p. Input voltage

A typical environmental profile data set for equipment attached to structures adjacent to the
external surface of a jet-propelled Navy attack aircraft is given in TABLE XXIV. Sources from
which environmental data can be obtained and the methodology to be used in entering this data
in the table are as provided in 6.7.2.1 through 6.7.2.8. The methodology describes how each
stress level should be obtained and presumes that no measured data, either specific or for similar

76
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applications, is available. 1f measured stress-level data (specific or similar) is available, it should
be entered directly into TABLE XXIV. TABLE XXV should then be developed by applying the
special vibration and thermal ground rules as provided in 6.7.2.1 through 6.7.5.5.

6.7.2.1 Mission phase (temperature mode). The specnﬁ mission phases shoul

derived from the mission profile. The number type, an

Q.
T
o

(
!
5
»
»
{
Ll
-6
3
f
»

craft rvnp The oround nnnrlifinnc nced far all airer ;mrl o
aitions used 1or all airc ae

LS o > B ~as

h}

nannnaratino narind n"n\uarl h
ll\lll\l’lwl ““..6 yv. AN/l ANJAAWV YV Wl W

L "IN TNal bl

0.7.2.< LUrauon. Th ne duration or1e¢€acnmn iSSIOﬁ Iugm pnasc shouid be obiained from the
mission profile. The test time for ground conditions should apply to all aircraft types and
missions. The test time for nonoperating and operating temperatures is 30 minutes.

6.7.2.3 Altitude and Mach number. Aititude and Mach number should be obtained from
the mission profile analysis.

6.7.2.4 Compartment temperature. The information specified in a through i should be
obtained prior to establishing the compartment temperature levels:

Data Need Obtained from
a. Altitude and Mach number Mandatory Mission prfile analysis (see 6.7.2.3)
b. Equipment class Mandatory Equipment design control specification

c. Equipment cooling method (ambient  Mandatory Equipment design control specification
or cunnlcmenmn

d. Compartment cocling method (air- Mandatory Equipment design control specification
conditioned or ram air-cooled)

e. Power dissipation Desirable = Equipment design control specification
f. Equipment density in compartment Desirable  Air-conditioned design specification
(crowded or uncrowded)

g. Air flow into compartment Desirable  Thermal design specification

h. Temperature of air flowing into Desirable  Thermal design specification

compartment

1. Compartment area exposed Desirable  Aircraft design specification



Downloaded from http://www.everyspec.com

MIL-HDBK-781

ivaAAi“Ranraran”

6.7.2.4.1 Ambient-cooled equipment. The data for ambient-cooled equipment are
provided in a through b (3):

a. Hot-day temperature: Using the altitude, Mach number, the Class, and
compartment cooling information

3
(1]
)
=)
e
o

3

as appropriate to determine hot-day compart

A mszzc2 a > W AAERS A BEES a - whd a AR

the mission flight phases. For the ground conditions (nonoperating and
. () .
operating), a temperature of + 55°C should be used for Class I equipment
[+] .

and + 717°C for Class Il equipment.

b. Cold-day temperature: Cold-day compartment temperatures for equipment
lan ammane mie mmalad ameeeo cbean b~ =L 1 3L __t__ L. 1L TATINY YN UILFYRS
in ram air-cooiea compariments snoula oe seiectea from | LE

For equipment located in air-conditioned compartments, coid-day
temperatures shoulid be seiected from the methods provided in 1 through 3.
The method selected depends on the amount of information available. For
the ground conditions (nonoperating and operating), a temperature of -54°C
should be used for both Class I and Class Il equipment.

1. Method I: If a limited amount of information is available, such as only
the altitude and Mach number, the compartment temperature for each of
the mission flight phases should be selected from the cool-compartment
temperatures in TABLE XXX.

2. Method II: If the equipment power dissipation and compartment
equipment density are known in addition to altitude and Mach number,
the cool- or warm-compartment temperatures should be selected for each

> 9
(=2
(]
=}
w
W,
o]
=1
o)
e
=
8
I
=
>
&
I
)
N
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S
4
17,1

-
>
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w
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minimal and the compartment is relatively uncrowded with free,
unrestricted airfiow, the compartment temperature shouid be selected
from the cool-compartment values.
3. Method I1I: When additional thermal and design engineering data are
available, the compartment cold-day temperature can be calculated for
the mission flight phases using the following expression:

T(Comp) = 1.8(Ux A+ 14.4W)
where
Q(Elec) = Electrical load (watts)

fa }

Air-conditioned flow rate into compartment (pounds per minute)

~J3
o0

L JEUL R R Y. .Y . Al . A 4 . __LTY_ _% VX LWL XL oo
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T(in) = Temperature of air flowing into compartment (°C)

..... UGN o S, ﬂ"-.-_‘
- uvcrau ﬂCd {ransier Coe€Icier

I,
per square foot per degree Celsius (BTU/min/ft 2 O)

<
-

D el Ll el So i 4
DIISII UIT ﬂlld Ulll wpern ll ute

A = Compartment area exposed to ambient (square feet (ﬁz))
T(rec) = (1 + 0.18M2)(T,+273) - 273(°C)
M = Mach number
TA = Ambient temperature (°C) at altitude
0 -51
10 -26
20 -43
30 -62
40 - 65
50 -73
6.7.2.4.2 Supplementally cooled equipment. Supplementally cooled equipment for hot

day compartment lemperature and cold-day compartment temperature should be established in

accordance with 6.7.2.4.1. The flow rate, temperature, and dewmirt temperature of the
supplememal air should be selected in accordance with the cquxpu ent speciﬁc'"ti‘n during all
™ __ PUPSPRE |

phases of the mission profile which require equipment operation. During the ground
nonoperating phases, the supplemental air flow should be zero. During chamber air heatup, the
mass flow of suppiemental air should be the minimum specified in the equipment specification
and this should be maintained until chamber air cool down. During chamber air cool down, the
mass flow of supplemental air should be the maximum specified in the equipment specification
and this should be maintained until chamber air heatup.

6.7.2.4.3 Temperature rate of change. A temperature rate of change should be calculated
for each mission phase which involves a change in altitude or Mach number. This should be

accomplished by calculating the compartment temperatures of the steady-state conditions
bounding the phase in which altitude or Mach number varied, calculating the temperature
difference of the bounding phases, and then dividing this value by the duration of the varying
altitude or Mach number phase. In the example presented in TABLE XXV, takeoff and climb to

altitude have been considered as a single phase from a thermal point of view. In certain cases,

two consecutive mission phases may involve such changes as a dive followed by aclimbora

loiter condition followed by a dash. In such situations, a temperature rate of change should be

calculated for each of the two phases. The example provided below illustrates the procedure:
79
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Example of temperature rate of change calculation

An aircraft in a cruising mode suddenly climbs, then dives, and finally resumes cruising.
FIGURE 63 shows this action. The following tabulation lists the phases and accompanying data:

Duration
Phace (minuteg) Mach Number Altitude (ner 1000 ) Comnartment T(QQ 2C per minute

Criica 1113 N 'S 1 18

vl Wiow L3N Yy Voo a LY

@It Y 1N n 1< 1t~ Q TN 1 § (11ca §)

AV 1.V V.72 P WO oV 4. \MOV J)

™e___ V- aY n on O o~ 1 17N N2 fina &)

ive J.V V.0V ow I 10.V £.0 LUdC V)
«n -~ A s . e

Cruise 1U./ V.8 | 1.2

Thermal rates of change are caiculated as foiiows:
CLIMB (cold day cool compartment)
Temperature = + 3°C at 8000 ft and Mach Number = 0.75

Temperature = + 1 .5°C at 1000 ft and Mach Number = 0.85

3°C - 1.5°C
Rate = ————— = 1.5°C per minute

3 -U nuuuw

DIVE (cold day, cool compartment)

mission phases usmg the mformauon in TABLE XXIV and FIGURES 64 and 65. Special-case
vibration data is contained in TABLE XXXI. Select a value of dynamic pressure (q) from

FIGURE 64 for each steady-state condition as a function of Mach number and altitude. For
tranciont randitinne ciich ac dive Yhf‘ (a) value chould he determi (‘d nge lhﬂ \13@!’1 nur b er f()r
MALIOIVIIL VVMMILIIVUIY DWWVl GO M Y vy Wi (M) RIMW iU A e e swesssssewnw L)

thnt mhacs iflnaum and the avarana altitnde far that nhace 1fthe M r‘h number is nat known
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(g stari + q lermination)
2

= q average

If the altitude and Mach number combination is such that the value of (q) is less than 76. use q =
76. The PSD (W) should then be computed in accordance with the requirements of TABLE
XXXI1. FIGURE 64 should then be employed to determine the spectrum shape (test envelope)
and a (W,) calculated if required.

6.7.2.6 Humidity. Humidity should be injected into the test chamber and a dewpoint
temperature of + 31°C or greater should be maintained during the initial portion of the ground,

nonoperating phase for a hot day. This level of dewpoint should be maintained and controlled
until the end of the ground, operating phase for a hot day. No further injection of moisture is
required for any of the other profile phases and the humidity during these phases should be
uncontrolled. The dewpoint temperature should be maintained and controlled at 31°C or greater
for each subsequent cycle during the hot-day ground, nonoperating and operating conditions.
Chamber air should not be dried at any time during a test cycle. RH should be controlled to + 5

- a PR - -

.2.7 Equipment operation. The equipment shouid be in an operating mode during aii
test profiie except for the ground, nonoperating phases.

6.7.2.8 Electrical stress. Input voltage should 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 of the
nominal for the third test cycle. This sequence should be repeated continuously during
subsequent cycles throughout the test. The equipment should be tuned ON and OFF at least
twice before power is applied continuously to determine startup ability at the extremes of the
thermal cycle.

6.7.3 Construction of an environmental profile. See FIGURE 66, which presents the

environmental profile resulting from the data entered in the example (see TABLE XXIV), was
derived from the mission profile presented in FIGURE 67. It should be noted that in the example
(see TABLE XXV, combat cruise phase) a change in temperature is obtained even though no

i i is is due to an acceleration followed by a deceleration. In this case,

6.7.4 Test profile development. The environmental profile developed in 6.7.3 should
now be converted into a test profile which reproduces those phases of the environmental profile
which reflect the equipment exposure and which can be simulated in a test facility. When
converting from the environmental to the test profile, the ground rules and procedures in 6.7.4.1

through 6.7.4.4 shouid be used.
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6.7.4.1 Vibration. A maximum of four vibration levels (W, values) should be used in
any particular test profile for each of the two missions (cold day and hot day). These levels
should be established using the steps specified in a through d (steps 1 through 4):

a. Step 1. Review the (W) values listed for each phase and delete any levels
which are less than 0.001.
b. Sten?2 Tdentifuv the (W.) and duratinn acencriated with talkoan nd annly thoca
. S e AUVALLILY WAV | TV ()) QUM BWALIVII GooVWiGIVY VYUl WanwvUiLL iJ BPPI MIGOV
ol--no tn tha tact nrn“‘n ne chaum in TARTE YYV
10 INC €51 Proiiic as snown 1nl i AoLL AAY

c. Step 3. ldentify the (Wq) and durations associated with the highest and lowest

(q) levels and apply these values to the test profile during the phases in which
they occurred.

d. Step 4. The fourth level of (W) is established by calculating a time-weighted
average of the (W) values remaining after identification of the takeofT,
minimum, and maximum levels. This is accomplished by multiplying each
(Wy) by its duration, adding these products, and then dividing this sum by the
sum of the durations. The resulting fourth level should be applied to those test
phases associated with the environmental profile phases which were used to
calculate the fourth test level. In each case the duration should be as
stipulated in TABLE XXIV for that particular phase. For certain aircraft
flying relatively benign missions, all or most (W) values may be less than
0.001g*/Hz.

[

nt‘l‘\n"c A
Al o

1 cnn
31150V VLIV UG UV

6.7.4.3 Exampie of test profiie. FIGURE 68 is the test profile deveioped from the
sample mission and environmental profiles. TABLE XXIV lists in tabular form the actual data
used to construct the test profile. Note that the transient thermai condition (-19°C to - 10°C for a
period of 5 minutes) was deieted from the test profile. Al vaiues of temperature rate of change
which were less that 5°C per minute were changed also. The durations of those phases were
reduced and all other phase durations were maintained as originally specified. Three levels of
vibration remained after application of the ground rules: takeoff, minimum, and maximum. The
(W,) associated with takeoff is selected from TABLE XXIV; a maximum of W, = 0.007 and a
minimum of Wy = 0.0019 were obtained from this table after all values of W, < 0.001 were
excluded. Since these values and their associated durations did not account for the total mission
time. a level of W, = 0.00lgzﬂ’H;' was specified for unaccounted time periods (see TABLE XXV)
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reliability testing. These profiles were derived from the mission profiles in FIGURES 57
through 62 using the methods in 6.7.4.1 through 6.7.4.3.

6.7.5 Comnosite environmental test nrofile for mnltimiccion annlicatinne A camnancita
W

Ly \uvlllyual 3%

test profile should be developed for those situations where it is anticipated that the equipment

will be used during more than one type of mission. In this case, a test profile must be developed
for each identified mission for which temperature, vibration, humidity, and input voltage levels
and durations have been determined. The composite test profile framework should be structured
to retain the conccpt of two missions in each test cycle One mission starts from a cold

ot __a PR S

CﬂVerﬂIﬂCﬂl anc proceeus 10a DOI env:ronmcm lnc SCCODG starts IrOm a nDt cnvu'onmem and
returns to a coid environment. l’l'OVlSlOl'lS nave Deen lnClUGCG m me structure lOl' exposmg the
equipment to three temperature ieveis during each mission and four vibration ievels during each
test cycle. This procedure requires that an environmental test profile for each applicable mission
and an estimate of the relative frequency of occurrence of each mission be available to the user.

6.7.5.1 Required information. A test profile for each mission must be developed. Each
profile should indicate temperature levels and rates of change and their duration for both the hot-
day and cold-day missions. In addition, all vibration levels and corresponding durations should
be identified. The estimated relative frequency of occurrence of each mission should be
determined from an analysis of the equipment's application and the host platform. A relative
frequency of occurrence is defined as the proportion of the total missions contributed by an
individual mission type. The sum of the mission weighting factors over all applicable missions
should equal 1.0.

6.7.5.2 Temperature. The procedures provided in a through d are identical for the hot-
day and cold-day missions. Separate analyses should be performed for each mission
a. A table similar to TABLE XXXII should be prepared. Each steady-state
temperature level and its comresponding duration should be listed for each
nemmlinakhla cminnine Tha eetoniaem cxralobélomn fontme fom cnnl cnfonlnme b —..1.3 Lo
applivauvic 1HHDDIVIE. 11T DIV WUIEILILL ls 1aCiul 101 Calil 111551011 S11ould 0C
identified. The weighted durations should be determined by multiplying each

duration by the correspondmg mission-weighting factor.
The information presenied in TABLE XXXii shouid be summarized, and a
tabie simiiar to TABLE 33 shouid be prepared. Every unique temperature
appearing in TABLE XXXII shouid be iisted in ascending order in TABLE
XXXIII. Only one entry per temperature value should be made in TABLE
XXXIII no matter how many times that value appears in the same or in
different missions. The total weighted duration for each temperature level
should be determined by summing the weighted durations for each entry of
that temperature appearing in TABLE XXX1I:
c. Three levels of temperature and their durations should be selected from those
appearing in TABLE XXXII (MAX, INT, MIN). The MAX should be the
highest temperature value indicated and the MIN the lowest. The test duration

or each should be the cnrreqnnndl ion. The INT level
h

Qr

0-7:

chould he deatermined ac
shoulg pe getermined as
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values appearing in TABLE XXXIII that have not been included in the
determination of the MAX and MIN levels. The test duration for the INT
level should be computed as the sum of the total weighted durations of those
temperature values used in the determination of INT value.

For examnle if the following are given
rorexample, il the following are given
Tc‘:i‘ﬂpc‘:f"tiﬁi“ level Tatal saichetad direntlom
or fomm tanvsb )
L3 JOTFIIRIOTE=~T]
-~ N 1L
PAY) 10
5 10
3 20
(20xt5) + (5x10) + (3x20) 410
INT = = =9.1°C
15+ 10 + 20 45
Threntines — fnneracnmanndina timmacn)
L/uUrailion = (\COITCSPUNULIE uliing)

TABLE XXXIII within 5°C of the hxghest (or lowest) value by the method of
time-weighted average. Duration for MAX (or MIN) should be the sum of the
corresponding total-weighted durations. If either the MAX or MIN levels do
not have a duration of at least 20 minutes, determine a new value of MAX or
MIN by time weighting with the next most severe level(s) until a 20-minute
duration is achieved by summing the corresponding weighted durations. If the
INT level does not have a duration of at least 20 minutes, specify it to be 20
minutes and subtract one-half the difference between 20 minutes and the INT
duration from both the MAX and MIN duration. If all the temperature levels
of TABLE XXXIII have been exhausted while computing the MAX and MIN
levels and the INT level cannot be determined, identify the level with the
at 1e

(19 A% 2o sl S ]

longest time. Assume that that level is to be the INT lcvc! also. Use half the
duration for the MAX or MIN leve! (as appropriate) and the other half as the
duration for INT
6.7.5.3 Yibraiion. A itabie similar io TABLE XXXIV should be prepareu Each
vibration ieveli (w0 ) ana its corresponumg duration s‘nouid be listed for each applicable mission

numerical value v\huh is derived by calculation. Similarly, the (W) 01 . UUIE ‘Hz and its

84
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corresponding duration which has been added to require continuous vibration (see 6.7.2.5)
should be listed separately from a (W,) of 0.001 g2/Hz that was derived by calculation. These

chnnld he 1dennﬂed Wemhted dm‘ahnn: thll]d he detemmed hv mulhn]vmo oarh d ngmn bv

--------------------- apre) e T wes mwm Reaval Uy

its corresponding mission welghtmg factor. The information presented in TABLE XXXIV

chnnld ha ciimmarized and a tahle cimilartn TART EF YYYV chnnld he nranarad  The T and
SIIVHIN U OWINIILIGAL LAV WUV & VWUV JH13010 W L I M Aides d%d ndn ¥V DAV I U Pl\r}lul\r\l- 43l 1 WV AlIU

N NN1 nzlu-v laviale 1dantifiad in & 79 £ and tha tatal vwaiahtad Anratinn chanld ha liatad camavatals,
V.WVIE /114 1 VEID IUMIIULIVU 1) V. /4.0 AlIU HIV IV VWHIERLITVU Ul allVii J1IVUIU UV 11DWU dLpalately
ned neant Fomen tlan cnsean wralivan Aatamaciomad ha Anlaalaotine Al it sieaimcea srdlacmndim oo o1 7117 N\
allu p 11U111 UIT dallll valuvd uticiiiiincu U] vaivuiativii. mnli vuiel uuu.lu vVivlatlull 1ICvVeD [Wo}

7%y TATY T

cmry per lWo) snouxa DC maac m 1ADLL MA V llTCSpCCUVC OI DOW many umes Ulal value
appears in the same or in different missions. The total weighted duration for each (W,) vaiue
shouid be determined by summing the weighted durations for each entry of that (W) in TABLE
XXXIV. A (Wy) of TO for 1 minute (takeoff condition) should be selected. The minimum (W,)
of 0.00IngHz corresponding to continuous vibration during the flight phases should be applied
for a period equal to its total-weighted duration. In addition, three levels (MAX, INT, MIN)
should be determined for the remaining values provided in TABLE XXXV. The MAX level
should be the highest (Wo) listed and the MIN level should be the lowest (W) listed. The test
duration for each should be the corresponding total-weighted duration. The INT level should be
determined as the time weighted average of the remaining (W;). The test duration for the INT
level should be the sum of the total weighted durations of the (W") used in determining NT.

6.7.5.4 Construction of the composite test profile. Construction of the composite test
profile is provided in 6.7.5.4 through 6.7.5.4.5.

st cycle should consist of the sequence of levels specified

4.1 Temperature. One
!f

-54°C (nonoperating)

(AOF {Aearatienn)

-0 oo ;rp
-
» %

®
+ *+
—
o
9]
=1
=]
-]
ﬁ
E-
)
AT

h. INTH (hot day)

i. MAXH (hot day)

J. MINH (hot day)

k. Return to -54°C (nonoperating)

The duration at the two -54°C conditions and the two + 71°C conditions should be 30 minutes
each. The duration at each of the other levels should be determined using the procedure in
6.7.5.2. The temperature rate of change between any two levels should be determined by
reviewing comparable phases of each individual test profile and selecting the most typical value.
The duration of exposure Lo a temperature rate ¢ of change should be determined from:
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end temperuture — slart lemperature

Duration =
rateofchange
At .1 __.labl _..-Il- -t =11 -.._ - e b e 2l L oaaa 1. _¥_ _1L _ .t 3L I _a 1 _ . 1Y
l nc enure Lyuc WILI AWCI1IS dt dll C C S an U lfdllhlllUllb DC[WCCD 1 VC S SnOula oe i1siea 1n a 1aoie
similar to TABLE XXXVI or depicted graphically as FIGURE 103.

6.7.5.4.2 Vibration. The vibration requirements shouid be integrated with the
temperature timeline. The MAX vibration level shouid start at the same time as the MAX
temperature levels and continue for the time period determined in 6.7.5.3. The MIN vibration
level should start at the conclusion of the exposure to the MAX vibrations levels and continue for
the time determined in 6.7.5.3. The exposure to the INT vibration level for the time determined
in 6.7.5.3 should start at a time calculated to assure that its completion coincides with the start of
the MAX vibration level. The takeoff level should be applied for 1 minute at the start of each of
the transitions from -54°C to INT and from + 71C to INT. A level of 0.001g /Hz should be
applied during all other periods, except for the -54°C and + 71°C soaks. The vibration
requirements for one complete cycle should be listed in a table similar to TABLE XXXVI or
depicted graphically as in FIGURE 103.

6.7.5.4.3 Humidity. Humidity should be injected into the test chamber and a dewpoint
temperatu of +31°Cor grcatcr attained during the initial portion of the ground nonoperating

o O3
=% i

e

6.754.4 E_quinmgm_gp_gr_amm The equipment should be in an operating mode during

___al

ali phases of a test profiie, except for the ground, nonoperating phases.

6.7.5.4.5 Electrical stress. The input voitage shouid 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 of
the nominal for the third test cycle. This sequence should be repeated continuously during
subsequent cycles during the test. The equipment should be tuned ON and OFF at least twice
before power is applied continuously to determine startup ability at the extremes of the thermal
cycle.

6.7.5.5 Example of composite test profile. This example provides the procedure for

developing a composite environmental test profile for a Class 1l equipment that is attached to
structures adjacent to the extema! surface of a jet fighter aircraft. The following data indicates
o . .

e

J T
nd the relative frequency of occurrences of cach
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E

Low-low-low 0.10
High-low-low-high 0.40
| (PR PICTR 'SP Y n"e
LOW=1UW-IllRil V.o
Close support 0.20
~ n Nne
Ferry YATA]
Totai i.00

Since these conditions correspond to those of the sample test profiles shown in FIGURES 69

through 102, they may be used directly. FIGURES 89 through 93 are corresponding test profiles
for the missions enumerated above. Temperature and vibration levels and durations may be read
directly from these figures. The application of the procedure is illustrated in the tables listed in a

through c:

a. TABLES 37 and 38: hot day temperature
b. TABLES 39 and 40: cold day temperature
c. TABLES 41 and 42: vibration

Rates of change of temperature between levels are determined by reviewing the corresponding

phases of the mdmdual test proﬁlcs and selecting the most appropriate one. The selected rates
sted in TABLE XL m The completed composite profile is

n FIGURE 104.
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aircrafl (sec Reference 2 specified in a and b:

a. l pr l‘\ lb a lWlll'CllglllC, :uuauuu, dllhldﬁ dcmgucd fUl S€a COnuG: ana uuuty
missions, including antisubmarine warfare, aircraft early warmng, tanker service,
ordnance delivery, and assauli. This aircrafi can iake off and land vcrut,aﬂ‘y' or
horizontaiiy. Verticai operations are accompiished by a rotation of the engines.

b. Type B is a twin-engine, supersonic aircraft which is approximately 10,000
pounds lighter than the Type A aircraft. The Type B aircraft is designed for a
fighter-attack role and can perform intercept and surveillance missions. This
aircrafl also can take off and land in a vertical or conventional mode. The vertical
mode is accomplished by use of engine exhaust deflectors.

6.8.1 Mission description. The generalized missions for the V/STOL aircraft provided in
6.8.1.1 and 6.8.1.2 represent the current view of the future role envisioned for V/STOL aircraft.
Each mission is described by spatial aspects required for the development of the environmental
test. Aircraft speed and altitude enroute to the combat area, during combat, and return to the ship

are identified. The missions and the characteristics for each tvpe of V/STOL aircraft are

prnumlpd Ahhnnoh each tvne of aircraft can take off and land in a conventional mode._ it is

i sy as “iaea o Sl

assumed that all takeoffs and ]andmgs Wl“ be performed vertically. The V/STOL mission
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6.8.1.1 Type A V/STOL missions. Type A V/STOL missions are defined in a through g:

a. Airbomne early warning: Take off vertically, climb to altitude, cruise Out,
loiter, and cruise back at high altitude, descend, land vertically

b. Antisubmarine warfare: Take off vertically, climb to altitude, cruise Out,
loiter, deliver ordnance, cruise back at high altitude, descend, land vertically

c. Contact investigation: Take off vertically, climb to altitude, dash at low
altitude, loiter and deliver ordnance at low altitude and low speed climb to
high altitude, cruise back at high altitude, descend, land vertically

d. Marine assault: Take off vertically, cruise Qut at sea level, hover at 3000 fi
cruise back at sea level, land vertically

e. Surface attack: Take off vertically, climb to altitude, cruise out at high
altitude, loiter and deliver ordnance at 20,000 ft at low speed, cruise back at
hinh altitnida Aacnand lamAd viastianlly,
lllsll altituuL, uULouvLiiu, jaiiu Yul I\vﬂll]

£ Tambae Toalba Aff ernmtinalle; Alical ¢4 aléitredn Ammiina At at lhink aleiernda TAlena

5. 1 LACIL . 1 < 11 VUIUIGally, VIIIU WU aluiuug, Lidide vut at Illsll aiuiluuc, 1UICl
e Ve A ommd Ve nléltncdn 6m smmmalace Benl mmiion boals ;e Liol ~lele..da
at 10w DPCCU alll IUW allituuc w DITI IUCl, CIUIDT DAL dl [1IEIl altjiuuc,

descend, land vertically
g. Veriical onboard deiivery: Take off veriicaily, ciimb o alittude, cruise at high
aititude, descend, iand verticaily

6.8.1.2 Type B V/STOL missions. Type B V/STOL missions are defined in a through c:

a. Combat air patrol: Take off vertically, :limb to altitude, cruise out and loiter
at high altitude, engage in combat at high speed and lower altitude, cruise
back at high altitude, descend, land vertically

b. Deck launched interception: Take off vertically. climb at high speed to
altitude, dash out and engage in combat at high altitude and high speed. cruise
back at high altitude, descend, land vertically

c. Subsonic surface surveillance: Take off vertically, climb to altitude, cruise
Out and loiter at high altitude, engage in combat at intermediate altitude,
cruise back at high altitude, descend, land vertically

6.8.2 Thermal stress. The procedures of 6.7.2 should be applied. Whenever V/STOL
designs include cooling systems _nd !ec..mques designed to maintain cool ambient conditions for
alantrnnic hardware a Clacc 1 thermal envirnnment mav he n
Wwiwwild Villw lamu"mv, S il A WAWALAAMAL WARA Y ALNVVAMAAWASY III“J Ww wWoIwes

£ O Y VVilentine ntmane VVikentine affante nm antiimemant far V/CQTNT atrnrafd Anarating in

V.0.0 YIUUAUUIL DU&RD. V IVIALIUVIE CLIVLVW UL CYUIPDILGIIL 1UL YV /0 3 Vil QAuviall vpLiallilg i
bt Y2 be s nen 2 dnmtlianl 4n dhncn pvmaniamsad ki fanrantiAanal fvad e atessaft
a4 NnuIrlLvilidl ungm NnUUC aic 1Uuciitival W uiIue C)\pCll 1ILCU UY CULIYEIIIULIGE LIAVU-WILIK allvialt
_ n: m A __ sa O 1 Y___ 1. ab o L et l- Al e o2 _‘t‘A-_ol .«l't‘&‘.-,...o
ror VenlCdl lllg 0Q4€s (laKeolI1 ana mnumg), e viorauon 1EVeIS ait Si [31 uua.uuy QuIcICn

because of ground effects TABLE XLV, an abridged version of TABLE XXXI should be used
for V/STOL; it inciudes vibration test ievels (W) for V/STOL peculiar takeoff and ianding
conditions. The OK takeoff and landing W values were caicuiated using V/STOL engine

parameter information for both Types A and B V/STOL aircraft.

8K
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6.8.4 Electrical stress. The electrical stress for V/STOL aircraft should be applicd in the
manner described in 6.7.2.8.

6.8.5 Humidity. Humidity should be maintained in conformance with 6.7.2.6.

6.8.6 Equipment operation. The equipment should be in an operating mode during all
phases of a test profile, except for the ground, nonoperating phases.

2

Test profiles, Test profiles for Types A and B V/STOL aircraft are provided in
124, ’

6 9 Namhinad anviennmante far trichAaneanallae atencaft and halicrAantar antiineane

Combined environments for turbopropeller aircraft and helicopter equipment are as specified in

L£0O 1 sl .. L L 0O A
V. 7.1 UUOURIl V.7.L.%.

6.9.1 JTurbopropeiier aircraft environmenis. The environmentai test leveis provided
herein are applicable to equipments mounted within the fuselage of turbopropeller aircraft. The
indicated stress vaiues presented shouid be used only if actuai stress ieveis are not specified in
contractual documents, and mission profiies are not provided. Gunfire induced vibration should
be considered when the equipment is mounted in an attack helicopter.

6.9.1.1 Electrical stress. Input voltage should be maintained at 110 percent of nominal
for the first thermal cycle, at the nominal value for the second thermat cycle, and at 90 percent of
nominal for the third thermal cycle. This cycling procedure should be repeated continuously
throughout the reliability development test. The sequence may be interrupted for repetition of
input voltage conditions related to a suspected failure. The equipment should be turned ON and
OFF at least twice before power is applied continuously to determine startup ability at the
extremes of the thermal cycle.

6.9.1.2 Vibration. The random vibration envelope in FIGURE 125 should be used. The
vibration should be applied during the thermal cycle of FIGURE 126 at the indicate

6.5.1.3 Thermal stress. The generai thermai iest profiie o be used is shown in FIGURE
126. This profiie simuiates both coid day and hot day missions, which together form one cycle.
The thermal cycle is continuously repeated until the end of the test. Prior to the start of the first
thermal cycle. or after storage at room ambient. the equipment should be allowed to cold soak for

1.5 hours at the low temperature of the start of the next thermal cycle.

6.9.1.4 Humidity stress. Humidity should be specified to simulate the warm, moist
atmospheric conditions especially prevalent in tropical climates. Moisture can be induced

89
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directly into equipment during flight in a humid atmosphere. Installed equipment is also subject
to condensation, freezing, and frosting as a result of climatic temperature humidity conditions.

6.9.1.5 Supplementally cooled equipment. The chamber air humidity should be in

accordance with 6.7.2.6. The supplemental cooling air may be dried so that the dewpoint
temperature is from 3°C to 13°C below the temperature of the supplemental air or the chamber
air, whichever is lower.

6.9.1.6 Chamber air humidity. Humidity should be introduced into t
phase D and increased as the chamber air temperature increases, keeping the

r
the chamber air temperature. The dewpoint temperature should be raised to 31°C or
o
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6.9.2.1 Electrical siress. Use the input vonagc variation specified in the individual
equipment specification. If the equipment specification does not provide this information, use the

28 VDC 29 22
115 VAC, 400 Hz alternating current (AC) 122 104
6.9.2.2 Yibration. Unless otherwise specified by the procuring activity, vibration test

requirements should be established for equipment installed in rotary wing aircraft. Vibration
cycling from 5 Hz to 2000 Hz to 5 Hz for a maximum time of three hours, using a cycle of 36
minutes on each of three axes is required. The equipment should be exposed to a maximum of 5
g. For equipment installed in Army helicopters, the following vibration should be applied: 0.05
inch (1.27 mm) DA from 5 Hz to 24.5 Hz and 1.5 g's pk from 24.5 Hz to 500 Hz. The vibration
should be applied continuously from 5 Hz to 500 Hz to 5 Hz. The sweep rate should be

r
logarithmic and take 15 minutes to go from 5 Hz to 500 Hz to 5SHz. This sweep should be
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applied once during every hour of equipment operation.
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and pressure conditions. A general definition of the methodology required aud a description of
how to establish realistic environmental test profile parametcrs are provided in 6.10.2. Also,
many tables and figures are provided to assist in the construction of representative captive and
free-flight environmental test cycles. A combined environments test cycle should be used when
testing air-launched weapons and assembled external stores carried by aircraft and helicopters.
The equipment mounted inside these stores should be tested as specified in 6.10.1 through
6.10.3. During the environmental test cycle, the thermal stress, vibration (acoustics) humidity,
and input voltage imposed on the test item should be varied simultaneously. Specific test
conditions should be determined by the type of aircraft upon which the store is carried, and its
mission profile, stores logistics and life-cycle profile, the equipment class designation, and free-
flight envelope (where applicable). Several other factors, provided in detail in 6.10.1 through
6.10.3, will assist in the development of a test profile. The overall objective is to evaluate store
or missile reliability in the test laboratory by simulating the service use environments.

.10.1 M;ssmmaﬁ]m Each aircraft type whlch carries external stores is designed to
ithi ight envelope and fly specific captive-carry mission profiles which
elage or wing pylons, wing tips, or both.

e B — e of

!n
s

’

TABLE XLVII may be used. When design flight envelopes and flight miss
available, the generalized flight envelopes in FIGURES 57 through 62 may be used as a basis
development of the external store captive-carry test profiles. Each store, designated to be
launched from a host aircraft, is designed to fly its own specific free-flight mission profile(s).
The type(s) mission profile(s) for a store in free-flight is essentially unique to its mission
duration, performance, and objectives. Hence, no generalized profiies can be provided. The
composite mission profile should be consistent with the expected extremes of free-flight
duration, altitude, speed, and, temperatures. An example of the type of information needed is

shown in TABLES L and LI and in FIGURE 147.

test profiles. When no specific use information is avmlabl the mission-type di stnbunon in
mis

6.10.2 Environmental test profiles. As specified in 6.7.2, the test profile should be

developed from the aircraft mission profile. The conditions which must be defined are the
selected gl;ma ¢ category temperature, the required operational vibration, humidity, and the
mits. Each test cycle should consist of two segments. One segment should start

in the cold envnronment category and proceed to the hot environment. The second segment
: . y

= B

should start in the hot environment and return to the cold environment. Test cycles exhibiting
these characteristics are shown in FIGURES 130 and 131 and displayed in TABLE XLVI. The
mission profile should be analyzed to determine the environmental stress levels encountered for
the mission flight phases (takeofT. climb. combat, landing. and so forth) and the ground
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conditions. In addition to the information derived from the mission profile, the data should be
compiled as specified in a through d:

a. Equipment class

b. Equipment location within the store and the store station

c. Type of cooling for the compartment in which the equipment is located (air-
conditioned or ram air-cooled)

d. Type of equipment cooling (ambient or supplemental air)

A table of environmental profile data should be prepared for the specific aircrafl, the stores, and
the stores' equipment. This tabulation should include the information for e through p (in addition
to the data in the example 0f 6.10.3):

o k‘;ceinn "mhaocoe

Wwe JVAIOILVEL yll“-)b

£ NMnentinn femimiitac

i. Luraulll UTnuis )

a Aliendn fehniicnmds ~F AN
B Alliuuc (tnvusaliud vl 1y

Mach number
i. Compartment temperature ("C)
] Temperaturc rate of change g" C per minute)
k. Dynamic pressure {(q)(ibs/ft")
i. PSD, W, (g /;-Iz), spectrum maximum level
m. PSD, W, (g°/Hz), spectrum minimum level
n. Humidity
o. Equipment operation
p.- Input voltage

Sources from which environmental data can be obtained and the methodology to be used in
entering this data in the table are discussed in 6.10.2.1 through 6.10.2.6.2. The methodology
describes how each stress level should be obtained and presumes that no measured data is
available, either specific or for similar applications. If measured stress level data (specific or
similar) is available, it should be used. Test conditions should be then developed by applying the
vibration, thermal, and humidity ground rules discussed in 6.10.2.1 through 6.10.2.6.2. The test
environments the free-flight phase simulation are the same as those required for the captive-

ﬂmht nh se ¢ pe ified above. Hnwever the simulation of ﬁte-ﬂmht environments in the test

mm]e is limited to nost-launch mission nrofile tectmo nnlv (mcludmo the initial cnmn_m-ﬂioht

> j wew aS sial ~ W PVSSTIS NIl 2liiSSiVal e VAt SStaas N e S ~Taiipass

launch condmons) Included i in thns sequence is the thermal transition period from one climatic
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missiles (or stores) projecied employment. store is projected (by system specification
requirements) to be launched after a specific number of captive-flight hours, then the free-flight
reiiabiiity test cycie shouid be sequenced to simuiate the mission duration and an equivaient
percentage of free-flight iaunches throughout the overaii test program. There should be not iess
than one complete series of free-flight launch test cycles per test item.

n--
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6.10.2.1 Mission phase. The specific mission phases should be derived from the mission
profile. The number. type, and duration of the phase are a function of aircraft type. The ground
conditions used for all externally carried stores and equipment types should include a
nonoperating period followed by a period of operation. Since the equipment will often be at

either a low temperature or a hlgh temperature when ina nonopcratmg mode and the equipment
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the Compieilon of the seiecied hoi-ciimatic mission profiie {(phases A through H). The second
half segment begins at the ground extremes of the specified hot climatic region environment and
returns through the remaining ciimatic phases of the test cycie to the compietion of the specified
ground cold climatic region environment (phases I through Q). A post-test return to ambient
occurs after the completion of the last segment of the scheduled test cycles. The time of each
phase (A through Q) is determined by the results of the operational field use study and mission
profile(s) requirement.

6.10.2.2 Duration. The duration of each mission flight phase should be obtained from
the mission profile. When more specific information is lacking, the external store test times
specified in a through d can be used:

a. For a typical air superiority fighter with an air-to-air captive-carry weapon
mission only, a typical mission time should be a minimum of 1 hour, 40

b. For a tvnical tactical or attack aircraft (interdiction aircraft) with an external

~o2 Ve 8y o = e \==" -7 —

captive-carry weapon system for an air-to-surface mission or for an aircraft

ce m
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6.10.2.3 Electrical stress. When no values are specified by the individual equipment
detail specification, input voltage should 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 of nominal for the
third test cycle. This cycling procedure should be repeated continuously throughout the test.
However, this sequence may be interrupted for the repetition of input voltage conditions related
to a specific failure. Aircraft and store electrical interface compatibility should be maintained
throughout the test cycles. The equipment should be tumned ON and OFF at least twice in each
thermal phase before continuous power is applied to determine start up ability at the extremes of
the thermal cycle. During the nominal input voltage sequences. short-term interrupts (10
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microseconds (us) to 300us) and long-term interrupts (20 ms to 150 ms) in the power supply
should be imposed during the odd-numbered test cycles. When the individual equipment
specification requires a standby operating mode during specified operational missions, the input
voltage stress variations specified herein for the normal equipment operations should be
followed.

6 10 2.4 Vibration stress. Random vibra inn should be ap |ed to the internal euumment

VAV T L AMAMMMAM- MM MM SVSaSST0S0 L

item designated for store in aircraft installation in accordance wi 6 10.2.4.1, and for the air-
launched missile and assembled external stores, in accordance with 6.10.2.4.2. The random
vibration test level for each phase of the test cycle should produce the random vibration
responses on the test item, required by the maximum predicted environment of FIGURES 132

through 134 and TABLE XLVIII (for (grms) overall (OVL)) level adjustments and FIGURES
'1 iaa s ) . . ,e M

135 through 137 and the equations of TABLE XLIX. The maximum predicted environment is
derived from the 95th percentile with 50 percent confidence (for a one-sided tolerance limit)
n~

using standard statistical analysis procedures, for the period of maximum overall random
vibration level. The baseline data was derived from a detailed study of 1839 separate flight data
measurements. When air-launched missiles or assembled external stores are to be instalied in
more than one location on more than one aircraft, the highest effective random vibration response
level of exposure to be encountered by the test item during captive-flight should be computed for
each test phase and should be used throughout the captive-flight test. The free-flight response
from externally applied vibration should be as defined by the mission profile performance (see
6.10.2).

6.10.2.4.1 Equipment performance test. The individual equipment test item(s) should be

subjected to random vibration excitation on the most sensitive axis. Equipment hard- mounted in
service use should be hard-mounted to the test fixture and soft-mounted equipment should use
ervice isolators when mounted on the test fixture. If service isolators cannot be made available

__rin the test. isolators with comnarable dynamic characteristics should be provided. The

= 2 S 22034

acceleration PSD of applied vibration (g /Hz) as specified on the test fixture at the test item

mounting points, should produce the random vibration responses calculated in accordance with
ion of each phase of the tests should be determined from the individual

wii piiasw Vi swase SaEvaeie US [BGRSl 22222358 22Vl

12.

eaasmoi s AT

6.10.2.4.2 Fully assembled captive-carry stores performance test. The test item should
be mounted using a test setup simulating the -*"tual mounting impedance. The individually
instalied and operationally capable equipment (inside the fully assembled store) should be
Lo ot P, . laocnenas
n

mounted in an actual instaliation configuration. The random vibratio
and durations for the fully assembled store should be measured responses as specified in
6.10.2.4.3, except that the vibration input level adjustment factors shouid be redu ced 3 dB from

the (gms)(OVL) values shown in FIGURES 132 through 134 and TABLE XLVII. This
reduction is applicable only to the fully assembled air-launched missiles and asscmbled external

stores.

04
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6.10.2.4.3 General notes. General notes which provide guidance for the development of
test profiles are provided in a through h:

a. Determination of mission profile vibration levels: The vibration response

SV

level for each phase of the proﬁle will be determined from FIGURES 132
throt oh 137 and TARLES XI VIII and XLIX. Where no cnpmf'r mission
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vibraiion ieveis.

¢. Minimum (W;) test level: The minimum (W,) vibration response test level
shouid be 0.001 g‘/Hz If the caicuiated response test ievel is iess than
0. UOlg'Hz the vibration response test minimum 1. 5srms (OVL) spectrum of
FIGURES 132 through 137 and TABLES XLVIII and XLIX shouid be
used during this portion of mission profile. This spectrum should produce
a minimum vibration response of 0. OOlg /Hz. If it does not, a (W) level of
0.001g*/Hz should be used.

d. Option: The maximum (W,) vibration level determined may be used for
the vibration response level throughout the test. However, this is not
recommended since it is an overtest condition.

e. Gunfire environment: The gunfire environment is not considered in this
test, but should be considered in the environmental qualification test.

f. Composite vibration profile: When equipments are to be installed in
turbopropellers and helicopters (see 6.9), and jet aircraft (see 6.7). a
composite random spectrum should be generated. See h below and 6.10.3

for an example of composite spectrum.

g. Wing and fin tip and fuselage external stores: When a store is to be
installed in multinle locations on an aircraft a comnaocite vihration resnonge
A4 I CEA58 ARA lllulblylw AN/ WA RANV/ARYD Vil ALl WAL WA GAA Ly W Vvlllrlvﬂll-‘« V AL/AMMBANIA l-—urvnluv
"mrn I‘ﬂ ﬂ‘\nl\ll{ k. 1106,
}llulll\' GLIVMIM Ve WMOowW.

h. For turbopropellers and helicopters, the special transmission drive and low
Lo enicy Llada ;mannana avanibntinm frvniomm fremntinemn ahAanld lha
Heyucivy 0Laac Pasdagv CALIWAaLIVIL IVIVIME 1ULIVIIVIWD SLIVULUY Vv
___________ Al mmmaVocetin DO s cmmnbon ~ldnload fomes than
bupt:mupuu:u on ul CCICIALlVIl IOV ITPULLDT S Ud Uuwadllcd 11Ul uic

} 4 TTRY LY 1A .1 1 17 __ 1T AMNT r’\y vy XI1YT __ 1 VY 1V

use of FIGURES 132 through 137 and TABLES XL Vili and XLIX.

6.10.2.5 Thermal stresses. The thermal stresses for suppiementary cooled equipments
should be determined for each test phase in accordance with 6.10.2.5.1. All other equipments
should use 6.10.2.5.2. The duration of the ground test cycles of FIGURE 130 (phase A, D. G. 1.

L, 0, and Q) should be long enough to reach initial stabilization of temperature.

6.10.2.5.1 Supplementally cooled equipments. The flow rate, temperature, and dewpoint
temperature of the supplemental air should be in accordance with the individual equipment
specification values during all phases. except the nonoperating portions of phases A, D. G. 1, L.
0. and Q. During these portions of the test phases. the supplemental air flow should be zero.

95
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The thermal environment external to the test item should be in accordance with 6.10.2.5.2.
During surrounding external air heat up. the mass flow of supplemental air should be the
minimum specified, and this should be maintained until the surrounding external air cools down.
During surrounding external air cool down, the mass flow of supplemental air should be the
maximum specified, and this should be maintained until the surrounding external air heats up.

6.10.2.5.2 Other equinments. The thermal stressec in each tect phncp chnuld he in

0.10.2.0.2 QLagr equipments. 1 he thermal stresses 1n each test phase snould de in
ancnrdance unth FIGI ]DEQ |1n nnﬂ ] 11 A TARI F YT Ul anA the anviranmantal ctraccac nf tha
UwwliElivw TYYALIE 3 AN /S A%E A 4 MASAIJAY 4 hidy V A WM VMY WMV AMIVIAULIIVIILGLL DU WVOOMWO VL LA
applicable mission profile. Use the mcthods 0f 6.10.2.1 through 6.10.2.4.3, if a mission profile is
nnt availakla A avnmenla Aftha Anmctmintinm Af am anviscnnmiantal ctenca e nfila 10 meacaméad I
11Ul avaiiauvic i CAa.lllpu. Vi UL LUIDU ULVLIVILI UL all Cllvi H1ICIILal DLLOD plUlllC 15 PlChClltCU 11l
£1N 2
G.1u.5.

6.10.2.6 Humidity stress. Humidity should be specified to simulate the warm, moist
atmospheric conditions especiaily prevalent in tropical ciimates. Moisture can be induced
directly into equipment during flight in a humid atmosphere. instaiied equipment is subject to
condensation freezing and frosting as a resuit of ciimatic conditions. Where applicable, humidity
can be varied (from 100 at sea level) directly with the air density ratio, within + 5 percent RH.

6.10.2.6.1 Supplementally cooled equipment. The chamber air humidity should be in

accordance with 6.10.2.6.2. The supplemental cooling air may be dried so that its dewpoint
temperature is from 3°C to 13°C below the temperature of the supplemental air or the
surrounding air, whichever is lower.

6.10.2.6.2 Chamber air humidity. A dewpoint temperature of 31°C or greater should be
attained during the initial portion of phases D, G, I, and M of FIGURE 130 and maintained until
the end of these phases. No further injection of moisture is required for the other profile phases
for the fully assembled stores or for hermetically sealed equipment tests, and the humidity should
be uncontrolled. For nonhermetically sealed equipment, the RH should vary from 100 percent at
sea level directly with the air density ratio (from 95 percent RH + 5 percent RH). The dewpoint

S8 SV ST E=y —— = =22t 2 A LU A §

th ty I
uld be maintained and controlled at 31°C or greater for each subsequent test
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a. Equipment Ciass 2

b. Equipment instaiied in air-conditioned missiie or store avionics compartment

c. Equipment is ambient cooled (no supplemental cooling)

d. Equipment is attached to the structure forward of external-flow body
discontinuities. The body contour forward is smooth and free from
discontinuities. that is. no forward control surfaces. antenna blades. or blunt

Nnoses
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. The final environmental requirements for this example are derived from the
data specified in 1 through 20:

2. TABLEL, Pr,llmm...ry operational design requirements (cxpcctcd life of 5
years).

3. FIGURE 140, Logistics functional schematic diagram

4. FIGURE 141, European scenario assumed maintenance schedule and
possible operational utilization rate for environmental analyses (example).

5. FIGURE 142, Target movement timeline for environmental design criteria
(European scenario) - large quantities (example).

6. FIGURE 143, Estimated percentage of time distribution for transportation,
hold/delay, and handiing, for nominal-probable factory-to-theater movement
timeiine.

7. TABLE LI, Life cycle environments. (A) Distribution of environmental
exposures and durations.

8. FIGURE 144, Assumed typical attack aircraft operating envelope (standard
day) showing the assumed high-medium-low mission profile.

9. FIGURE 145, Assumed typical attack aircraft operating envelope (standard
day) showing the assumed high-low-high mission profile.

10. TABLE LII, Assumed typical attack mission profiles.

11. TABLE LIII, A method for calculating test profile times for a specific

number of test cycles.

12. FIGURE 146, Vibration factor [gm._‘(OVL)] flight mission profile (high-

medium-low) use wuh FIGURES 130 and 143 except (*), versus
minimum g, (OVL)* (example).

13. FIGURE 147, Vibration factor [g,m,(OVL)] flight mission profile high-

low-high use with FIGURES 130 and 144 except (*), versus minimum

7 Lanate Lt ad o Cloallo 1111422124411

«
-
=
l

14 '?:BLE Ll ; , Attack aircraft captive-carriage mission profile data
example.

15. FIGURE 138, Low-low free-flight mission profile (example).

16. FIGURE 148, Store free flight vibration factor {g,,,,,(O‘-’L)z) flight mission
profile low-low use with FIGURES 131 through 134 and TABLE 48
(example)

17. TABLE LV, Assumed free-flight mission profile for example store (low-

low), vibration.

18. TABLE LVI, Assumed free-flight mission profiie for exampie store (iow-
low) standard day.

19. FIGURE 149, Unit g, (OVL) acceleration PSD versus frequency spectra
(frequencies should be determined by Method 514.3 of MIL-STD-81 0, as
applicable).

20. TABLES LVII through XL, Composite test cycle profile example
timelines.
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The event times for determining the temperature for each phase (prior to the adjustment by the
test cycle time factor) are given in TABLE XLII. The resulting profiles are given in FIGURES
142 and 143. The temperature rate-of-change for each captive-flight temperature step is greater
than or equal to 25°C per minute. The rate of altitude change is approximately set at 10,000 ft

per minute, average for captive-flight (time to climb, dive, idle descent). The altitude and
temnerature ratgq-nf-channe for each nhase of the examnle mission are shown in FIGURES 144

S Eses Ll b =2 ~= 22290 aa s

3§20
and 145 for cantive flicht and FIGILIRFE 147 for free-flicht. The vibratinn recsnance canditiane
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TABLES XLI d 55. FIGURE 149 shows the final vibration response test (baseline
Annditinmal DO ¢A ko anmliad fAriioa wurnth tha miccian neafila viheatinm sacennoa fantaee ~AF
VCULIUIUVI J IO WU UL appiitu 1Ul WL Wil UL LISV pPIVLIIL Vivlalivil 1eopuill 1aciuld Ul
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the completion of phase L, Ground Operation, Ambient Day. For the remaining phases of the test
profiie, the humidity shouid be controiled with the RH starting at 95 percent ( + 5 percent RH) at
sea ievel and foiiowing as cioseiy as possibie the density ratio variation expected with aititude.
For repeated profile cycles, the dewpoint shouid be checked as specified herein for phases A
through Q. Electrical stress should be in accordance with 6.10.2.3. The final test cycle times
should be adjusted by the test cycle time factor from TABLE XLIII. The final composite test
cycle profile timeline for the example is given in TABLE XLVII. For this example, the cycle is
repeated 10 times (6 high-medium-low missions, 4 high-low-high missions, with one simulated

launch on each test item, also consisting of 10 test cycles).

6.11 Missile transportation, handling, and storage. The environmental conditions of

transportation, handling, and storage also affect equipment performance and reliability. In order
to address all of these conditions, TABLE LX has been prepared. This table provides a single
point of reference for all environmental conditions which might be encountered as a result of
various methods of transportation, handling activities, and storage conditions.

6.11.1 le transnort conditions. The t

st conditions which are to be used to simulate the
i equmment by rail are

e

O

that the equlpmen operatmg and therefor

manTIteasmants ara o uxn

IVjUiiviliviito ale giviueil.

no equipment operating par ameters or

£ 11 1 1 XM Ltine bocbicme DINTTIDE 18N ncnmcacnnoan tha manl wrneld crihen
O.11.1.1 YID[AUON IESUNE. rivuunc 150 CnCOMpasses uiC ivas wWona vibration

conditions reported by the railroad industry. The three curves shown on FIGURE 150 (best,
worst, and nominai) define the compiete vibration specira associated with raii transportation.

The worst case (Curve I) represents uncushioned rail transportation and was deveioped by
defining a curve which envelopes all conditions. This curve was generated by visuaily drawing a
straight line which encompassed all applicable data points and was tangential to the maximum
values obtained. This curve represents data taken from the power density versus frequency plots
of appropriately selected sources. The best casc (Curve III) represents data depicting cushioned
rail transportation. This curve is taken directly from "An Assessment of the Common Carrier
Shipping Environment”. by Ostrem and Godshould which is discussed in Reference 24. 1t is
shown as a best case because it represents the vibration environment of a truck trailer mounted
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same ald pOll’llb mcﬁilOﬁeq Ior Lurve l a plCCC WlSC lCaSI Square lmea.r rcngSSlon was
performed for each of the three segments of the curve. The resuits of these anaiyses were
combined to produce the singie vibration enveiope shown as Curve II. These three curves may
be selectively specified for rail conveyance simulation tests dependmg on the damage avoidance
requirements established for the equipment.

6.11.1.2 Shock testing. The profile given for shock testing represents the worst-case
composite of the shock force data reported for U.S. Rail Transportation conditions. The profile
encompasses real-world conditions and provides nominal shock test parameters.

70g's 10ms Longitudinal Every 3 minutes

These conditions are the recommended shock test parameters.

transportation testing is speci !ed. as .o!!ows As in , temperature assume a start and
end point at room !cmpcraturc (see FIGURE 151).
CQtarting matnt T Avwar enmient Ik camiend oA samntone
LY. LTal 290~ A0~ N A0~
L U -Jd<L L J9 P 2

6.11.1.4 Test timeline. To integrate reliability testing of all of the critical characteristics,
a test umeiine is necessary. FIGURE 151 provides that timeline requirement, indicating the
scheduie reiationship between shock, vibration, and temperature testing for both coid day and hot
day. Temperature ieveis must be maintained but are critical only from 15 minutes prior to and

during shock testing. Equipment is to be nonoperating and packaged for shipment during testing.
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7. TEST INSTRUMENTATION AND FACILITIES

7.1 Purpose. The purpose of this section is to assure that reliability tests are adequately
planned and that properly certified and calibrated equipment and facilities are provided and
ocuring activity, prior to the start of reliability testing.

7.1.1 Scope, This section establishes basic requirements for test equipment and facilities
used in the performance of reliability tests.

S s s .
7.2 Test facilities and apparatus. Test facilities and apparatus used in the performance of
anliatell acte chanld ka s ity i 1
reliability tests should be capable of providing the test conditions discussed in this handbook
~ Ay v L b Toe b b Lol bl mccenalla Al cmnnimmtnimimer tha ancrieacerannmta
7.2.1 Test chambers. Test chambers should be capable of maintaining the environmental
1 N N, L. nce-l

a. Maintaining the ambient and forced air temperatures at the specified
temperature Ievel, + 2°C, during the test. The rate of temperature change of the
thermal medium, in both heating and cooling cycles, should average not iess
than 5°C per minute. Chamber and equipment cooling air temperatures should
be monitored continuously, or periodically, at a monitoring frequency sufficient
to ensure proper chamber operation. Means should be provided to interrupt the
programming used in the automatic control of temperature cycling until the
maximum and minimum air temperature requirements are satisfied. Protective
devices should be installed to shut off the equipment being tested and the
heating source, in the case of temperature overruns. However, equipment
cooling should be maintained to prevent overheating of the equipment under

test.
b. Maintaining specified vibration within + 10 percent for sinusoidal sweep or
single frequency. For random vibration, the rules specified in 1 through 3 apply:
1. The PSD of the test control signal should not deviate from specified
requirements by more than:
A. + 100, -30 percent (+ 3 dB, -1.5dB) below 500 Hz
B. + 100, -50 percent (+ 3 dB) between 500 Hz to 2000 Hz
2. Deviations as large as + 300 percent (+ 6dB) and -75 percent (- 6 dB) should
be allowed over a cumulative bandwidth of 100 Hz maximum, between 500
Hz and 2000 Hz.

3. It is recommended that the vibration equipment be checked for proper

,,,,

operation after each 24 hours of operation and that vibration be monitored
with automatic devices to prevent overtest conditions.

7.2.2 Equipment cooling. The equipment should be cooled by means of its designed-in
cooling system. When it is not practical to test the equipment and its cooling system as a unit.
simulated coolant conditions and attributes used should be included in the test procedures.
Regardless of the method of cooling. all equipment should be tested under contractually specified
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mission and environmental profiles. The coolant attributes should be as specified in 7.2.2.1 and
7.2.2.2.

7.2.2.1 External cooling. When there is little or no mixing bct ween th chamber medium
and the coolant such as, in the ducted liquid, ducted gas, or direct blas methods, the coolant
should be:
a. The type to be used operationally
b. At the maximum temperature and the minimum rate of flow (in accordance
with input requirements in the individual equipment specification), when the
chamber temr)erature is at the highesi
c. At the minimum temperature and the maximum rate of flow when the

chamber temperature is at its lowest. (When the chamber temperature is
below the specified iower limit temperature for cooling air, and the equipment
is turned OFF, the cooling air supply should correspond to conditions
anticipated in the equipment installation.)

7.2.2.2 Internal coolant method. When the gas within the chamber is used as the coolant,
it should be:

a. At a temperature which permits the required test level in the approved test
procedure to be attained

b. At the minimum rate of flow (per coolant input requirements in tested
equipment specification) when the chamber temperature is at the highest

¢. At the maximum rate of flow when the chamber temperature is at the lowest

7.2.3 Testinstrumentation. Test instrumentation, beyond that required for the
environmental chambers, must be pro vided to measure and monitor the performance parameters
of the equinment under test. as listed in the test nr ures.

R Sat) o 1t unger c Sey A l.u\v

7.2.4 Calibration and accuracy. The environmental and monitoring test facilities should
be in proper operating condition. All instruments and test instrumentation used in conducting the
tests should have an accuracy of at least one-third of the tolerance for the variable to be
measured.

7.2.5 Testing the test facility. The test facility should be tested to ensure that it is
operating properly under the required test conditions. Unless otherwise approved by the
procuring activity, equipment other than the test samples should be used to verify proper
operation of the test facility.

7.2.6 Installation of the test item in the test facility. Unless otherwise specified by the

procuring activity. the test item should be installed in the test facility in a manner which
simulates service usage. Connections and attached instrumentation should be used only as
absolutely necessary for the test. Plugs, covers, and inspection Dlates not used in operation, but
used in servicing, should remain in place. When mechanical or electrical connections are not

e service should be d-q,latelv covered. Fortestsin

j=

used. the connections normally protect d

101
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which temperature values are controlled, the test chamber should be at standard ambient
conditions when the test item is installed. The test item should then be operated to determine
that no malfunction or damage was caused due to faulty installation or handling.
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8. NOTES

8.1 Iniended use.

General application.

8.2 Supersession.

This document supercedes all previous issues of MIL-HDBK-781 and MIL-STD-
781. ‘

8.3 Subject term (keyword) listing.

Combined environmental test conditions
Environmental Stress Screening (ESS)
Environmental test profiles

I |fe-cycle environmental profiles

l

Reliability Qualification Tests (RQT)

Reliability test mc.hods

Reliability test plans

8.4 Changes from ‘DT';‘Y:“‘H}S issue. Marginal notations are not used in this revision to

identify changes with respect fo the previous issue due to the extent of the changes.
Custodians: _ rrcparmg Activity
Army - CR Navy - EC
Navy - EC
Air Force - 11 (Project RELI-0076)

Review activities:
Army - ME ML AR, AV, AT
Navy - AS, SH 0S

=

Air Force - 01, 10, 13, 16, 17, 19,

—
(]
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TABLE II. Summary of variables for the AMSAA model.

)

F N

-

)

—
[

Cumulative test time to the ith failure

Statistice used to test for trend in the data. The distribution of p is in standardized
normal form.

A growth parameter estimate used to describe the vairation of the failure rate with
time. If the failure rate is increasing, the parameter is greater than one. Fora
constant failure rate, it is equal to one. If the failure rate is decreasing (growth),
then it is less than one.

An unbiased estimate of the true value of the growth parameter

After the grown parameter estimate has been obtained, it is possible to estimate
the scale parameter, A by A :
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LE Iii. Summary of equations. AMSAA modej.
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Level of significance o

MY 0.20 0.15 0.10 0.05 0.01
2 0.138 0.149 0.162 0.175 0.186
3 0.121 0.135 0.154 0.184 0.231
4 0.121 0.136 0.155 0.191 0.279
5 0.121 0.137 0.160 0.199 0.295
6 0.123 0.139 0.162 0.204 0.307
7 0.124 0.140 0.165 0.208 0.316
8 0.124 0.14] 0.165 0.210 0.319
9 0.125 0.142 0.167 0.212 0.323
10 0.125 0.142 0.167 0.212 0.324
15 0.126 0.144 0.169 0.215 0.327
20 0.128 0.146 0.172 0.217 0.333
30 0.128 0.146 0.172 0.218 0.333
60 0.128 0.147 0.173 G.221 0.333
100 0.129 0.147 0.173 0221 0.336

Y For M > 100, use values for M = 100 .
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Ny 80 90 95 o8
NN L U L U L ) L U
2 | 08065 | 33.76 05552 | 7267 0.4099 | 151.5 02944 | 3899
3 6840 | 8.927 5137 | 1424 4054 | 21.96 3119 37.60
4 6601 5.328 5174 | 7651 4225 | 10.65 3368 15.96
S 6568 |  4.000 5290 | 5424 4415 | 7.147 3603 9.995
6 6600 | 3.321 5421 4339 4595 | s.s521|| 3815 7.388
7 6656 | 2.910 5548 | 3.702 4760 | 4.595 || .4003 5.963
8 6720 | 2.634 5668 | 3.284 4910 | 4002 (] 4173 5.074
9 6787 | 2.436 5780 | 2.989 5046 | 3589 || 4327 4.469
10 6852 | 2.287 5883 | 2.170 5171 | 3.286 || .4467 4.032
11 6915 2.170 5979 2.600 5285 3.054 4595 3.702
i2 6975 | 2.076 6067 |  2.464 5391 | 2870 (] 4712 3.443
13 7033 1.998 6150 |  2.353 5488 | 2721 4821 3235
14 7087 1 933 627 | 2260 5579 | 2597 4923 3.064
5 7138 | 1.877 6295 | 2.182 5664 | 249311 5017 2921
16 7188 | 1.829 6367 | 2.144 5743 | 2404 ! 5106 2.800
17 7234 1.788 6431 2.056 5818 | 2327|| 5189 2.695
18 7278 1751 6491 2.004 5888 | 225911 5267 2,604
19 7200 1718 6547 1.059 5054 | 22001l s34 2524
20 7360 | 1688 6601 1018 6016 | 21471l san 2453
21 7398 | 1.662 6652 1.881 6076 | 2.099 5478 2.390
22 7434 | 1638 6701 1.848 6132 | 2.056 5541 2333
23 7469 | 1.616 6747 1818 6186 | 20171 seon 2281
24 7502 | 1.59 6791 1.790 6237 | 1982l 5659 2235
25 7534 1.578 6833 1.765 6286 | 1949|| 5714 3.192
26 7565 1.561 6873 1.742 6333 | 1919|5766 2.153
27 7594 1.545 6912 1.720 6378 | 1892 5817 2.116
28 7622 1.530 6949 1.700 6421 | 1.866 || 5865 2.083
29 7649 | 1.516 6985 1.682 6462 | 1842 5912 2.052
30 7676 |  1.504 7019 1.664 6502 | 1820 .5957 2.023
35 7794 | 1.450 7173 1.592 6681 | 1.729|] .6158 1.905
40 7894 1.410 7303 1.538 6832 | 1660 || 6328 1.816
45 7981 1.378 7415 1.495 6962 | 1.606 || .6476 1.747
50 8057 1.352 7513 1.460 7076 | 1562 || .6605 1.692
60 8184 | 1312 7678 1.407 7267 | 1496 || .6823 1.607
70 8288 |  1.282 7811 1367 7423 | 1447 (| 7000 1.546
80 8375 1.259 7922 1337 7553 | 1409 || 7148 1.499
100 8514 1.22§ .8100 1.293 7759 1.355 7384 1431
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TABLE VII. Confidence intervals for MTBF. time-terminated test.

\ 80 90 95 98
N U L U L U L U
2 | 02611866 |[0200 | 3866 0.159 | 78.66 0.124 | 1987
3 333 | 6326 || .263 9.736 217 | 14.55 174 24.10
4 385 | 4243 || 312 5.947 262 | 8.093 215 11.81
5 426 | 3386 || .352 4.517 300 | 5.862 250 8.043
6 459 | 2915 || .385 3.764 331 | 4.738 280 6.254
7 487 | 2616 || 412 3.298 358 | 4.061 305 5.216
8 S11 | 2407 || 436 2.981 382 | 3.609 328 4.539
9 531 | 2254 || 457 2.750 403 | 3.285 349 4.064
10 549 | 2.136 || 476 2.575 421 | 3.042 367 3.712
1 565 | 2.041 || .492 2.436 438 | 2.852 384 3.441
12 579 | 1965 |l .507 2.324 453 | 2.699 399 3.226
13 592 | 1.901 521 2.232 467 | 2574 413 3.050
14 604 | 1.846 || .533 2.153 480 | 2.469 426 2.904
15 614 | 1800 || .545 2.087 492 | 2379 438 2,781
16 6241 1759 || 556 2.029 503 | 2302 449 2.675
17 633 1723 || 565 1.978 513 | 2235 460 2.584
18 642 | 1.692 || 575 1.933 523 | 2.176 470 2.503
19 650 | 1.663 || .583 1.893 532 | 2123 479 2.432
20 6571 1.638 || .591 1.858 540 | 2.076 488 2.369
21 664 | 1.615 || .599 1.825 548 | 2.034 496 2.313
22 670 | 1.594 (| .606 1.796 556 | 1.996 504 2.261
23 676 | 1574 || 613 1.769 563 | 1.961 511 2.215
24 682 | 1557 || .619 1.745 570 | 1.929 518 2.173
25 687 | 1540 || .625 1.722 576 | 1.900 525 2.134
26 692 | 1525 || .631 1.701 582 | 1.873 531 2.098
27 697 | 1511 || .636 1.682 588 | 1.848 537 2.068
28 702 | 1498 || .641 1.664 594 | 1.825 543 2.035
29 706 | 1.486 || .646 1.647 599 | 1.803 549 2.006
30 711 | 1475 || .651 1.631 604 | 1.783 544 1.980
35 729 | 1427 || 672 1.565 627 | 1.699 579 1.870
40 745 | 1390 || .690 1.515 646 | 1.635 599 1.788
45 758 | 1.361 || .705 1.476 662 | 1.585 617 1.723
50 769 | 1337 |l 718 1.443 676 | 1.544 632 1.671
60 787 | 1300 {| .739 1.393 700 | 1.481 657 1.591
70 o1 | 1272 || .756 1.356 718 | 1435 678 1.533
80 13| 1251 || .769 1.328 734 | 1.399 695 1.488
100 311 1219 || .79 1.286 758 | 1.347 722 1.423
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TABLE VIII. AMSAA model example.

1 2 3 4 5 6 7
Failure | Failure|| InX, InX, _m_]""“ _XL]"”‘ -_2‘;112 z[ ]""‘ 2-1P
number | time 1000 1000 30 1000 ?.(ﬂ

! 1.5 405 405 053 40 x 10-° 40 x 10>

2 3.2 1.163 1.569 075 61 x 10-° 101 x 10-3

3 11.8 2468 | 4.037 135 97 x 10-° 199 x 10-°

4 29.6 3.388 7.424 205 81 x 10-° 280 x 10->

5 53.6 3.982 | 11.406 268 104 x io-f 385 x 1o-f

6 65.2 4.177 | 15.583 292 551 x 10-° 937 x 10-3

7 119.4 4.782 | 20.366 .384 243 x 10-° 1181 x 10-°

8 265.3 5.581 | 25.947 .550 251 x 10- 1432 x 10-°

9 294.0 5.684 | 31.630 576 9x 10- 1441 x 10-°

10 441.1 6.089 | 37.720 692 340 x 10-° 1781 x 10-°
11 465.1 6.142 | 43.862 708 7x10- 1788 x 10-°
12 567.0 6.340 | 50.202 774 6x10-° 1794 x 10-°
13 685.8 6530 | 56.733 844 10x 10-° 1805 x 10-°
14 831.4 6.723 | 63.456 920 40 x 10.° 1846 x 10-°
15 949.7 6.856 | 70.312 977 10x 10-° 1857 x 10-°
' Terminated at 1000.0
111
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TABLE IXA. (1-)100 percent standard confidence limits on MTBF after accept decision

LOWER CONFIDENCE LIMITS FOR MTBF 6 ON THE ACCEPTANCE BOUNDARY
TESTPLANI-D a=1.5, a=p0.i0
NUMBER OF TOTAL
FAILURES TEST TIME y=.50 y=.30 y=.20 y= 10 y=.05
(i)

0 6.60 9.5218 54818 4.1008 2.8864 2.2031
2 9.03 3.3006 2.4386 2.0589 1.6531 1.3957
3 10.25 2.7074 2.0843 1.7977 14811 1.2737
4 11.46 2.3664 1.8726 1.6387 13743 1.1971
5 12.68 2.1462 1.7326 1.5324 1.3022 1.1453
6 13.91 1.9328 1.6337 1.4569 1.2508 1.1083
7 15.12 1.8785 1.5591 1.3996 12117 1.0802
8 16.34 1.7908 1.5014 1.3553 1.1814 1.0585
9 17.55 1.7210 1.4552 1.3197 1.1571 1.0412
10 18.77 1.6645 1.4177 1.2908 1.1374 1.0273
11 19.98 1.6175 1.3864 1.2667 1.1210 1.0158
12 21.20 1.5781 1.3602 1.2465 1.1074 1.0063
13 22.41 1.5443 1.3376 1.2292 1.0957 9982
14 23.63 1.5153 1.3183 1.2143 1.0858 9913
15 24.84 1.4839 1.3014 1.2013 1.0772 9854
16 26.06 1.4677 1.2866 1.1900 1.0697 9804
17 27.29 1.4482 1.2736 1.1802 1.0632 9760
18 28.50 1.4307 1.2620 1.1713 1.0574 9722
19 29.72 1.4150 1.2516 1.1635 1.0523 9688
20 30.93 1.4009 1.2423 1.1564 1.0477 9658
21 32.15 1.3881 1.2338 1.1500 1.0437 9532
22 3336 1.3764 1.2262 1.1442 1.0400 9608
23 34.58 1.3658 1.2192 1.1390 1.0367 9588
24 35.79 1.3551 1.2128 1.1342 1.0337 9569
25 37.01 1.3472 1.2070 1.1299 1.0310 9552
26 38.22 13390 1.2016 1.1259 1.0285 9537
27 39.44 1.3314 1.1987 1.1223 1.0263 9523
28 40.67 1.3245 1.1922 1.1190 1.0243 9511
29 41.88 1.3180 1.1881 1.1159 1.0224 9500
30 43.10 1.3120 1.1842 1.1131 1.0207 9490
31 4431 1.3064 1.1806 1.1104 1.0192 9481
32 45.53 1.3012 1.1773 1.1080 1.0177 9472
33 46.74 1.2964 1.1741 1.1057 1.0164 9465
34 47.96 1.2918 1.1713 1.1036 1.0152 9458
35 49.17 1.2876 1.1685 1.1017 1.0141 9452
36 49.50 1.2797 1.1632 10977 1.0116 9437
37 49.50 1.2662 1.1533 1.0899 1.0064 9404
38 49.50 1.2493 1.1403 1.0791 9987 9351
39 49.50 1.2308 1.1254 1.0664 9890 9279
40 49.50 1.2120 1.1097 1.0526 9780 9194

FIS 191518
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TABLE IXA. (1:x)100 percent standard confidence limits on MTBF after accept decision
(lower - 8%, (v.1)). (Continued)

LOWER CONFIDENCE LIMITS FOR MTBF 6 ON THE ACCEPTANCE BOUNDARY

TEST PLAN II-D d=1.5, a=p=0.20
NUMBEROF | TOTAL
FAILURES | TEST TIME y=.50 y=.30 y=.20 y=.10 y=.05
()

0 4.19 6.0449 3.4801 2.6034 1.8197 1.3987

! 5.40 3.1261 2.1477 1.7475 1.3425 1.0984

2 6.62 2.3601 1.7401 1.4669 1.1746 9889

3 7.83 2.0077 1.5412 1.3264 1.0887 9326

4 9.05 1.8069 1.4246 1.2432 1.0376 8993

5 10.26 1.6768 1.3478 1.1882 1.0039 8776

6 11.49 1.5873 1.2946 1.150i 9808 8631

7 12.71 1.5218 1.2555 1.1222 9641 8527

8 13.92 1.4718 12256 1.1009 9515 8451

9 15.14 1.4330 1.2024 1.0844 9415 8394

10 16.35 1.4019 1.1839 1.0714 9344 8351
1 17.57 1.3769 1.1691 1.0610 9286 8317
12 18.78 1.3563 1.1568 1.0525 9239 8292
13 19.99 1.3392 1.1467 1.0455 9201 827
14 21.21 1.3249 1.1384 1.0398 9170 8255
15 21.90 1.3072 1.1273 1.0320 9127 8232
16 21.90 1.2764 1.1059 1.0155 9023 8169
17 21.90 1.2420 1.0799 9943 8874 8068
18 21.90 1.2109 1.0546 9727 8709 7946
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TABLE IXA. (1-y) 100 percent standard confidence limits on MTBF after accept decision

(lower - 84 (v, i )). (Contiﬁuéd) |

LOWER CONFIDENCE LIMITS FOR MTBF 8 ON THE ACCEPTANCE BOUNDARY

TESTPLANV-D d=3.0, oa=p=0.10

NUMBER OF | TOTAL

FAILURES | TEST TIME y=.50 y=230 y=.20 y=.10 y=.05

) ,

0 3.75 5.4101 3.1147 2.3300 1.6286 12518
I 5.40 3.0397 2.0831 1.6915 1.2950 1.0557
2 7.05 2.4208 1.7755 1.4909 1.1861 9918
3 8.70 2.1462 1.6333 1.3972 1.1357 9633
4 10.35 1.9966 11.5547 1.3457 1.1087 9487
5 10.35 1.1947 1.4266 1.2504 1.0481 9093
6 10.35 1.6326 13112 1.1575 9811 8600

LOWER CONFIDENCE LIMITS FOR MTBF 6 ON THE ACCEPTANCE BOUNDARY

TECT DI A n A= ~=0R= NDIN
1LOl T LA i o v 9 o V.6V
NUMBER OFf  TOTAL
FAILURES | TEST TIME y=.50 y=30 y=.20 y=.10 y=.05
(1)
i
0 2.67 3.8520 22177 1.6590 1.1596 8913
1 432 23418 1.5980 1.2932 9842 7974
2 4.50 1.6344 1.2039 1.0142 8111 6818

LOWER CONFIDENCE LIMITS FOR MTBF 8 ON THE ACCEPTANCE BOUNDARY

TESTPLANVILD  d a=f=030
NUMBER OF TOTAL
FAILURES TESTTIME | y=.50 y=.30 y=.20 y=.10 y=.05
(i)

0 3.15 4.5445 2.6163 1.9572 1.3680 1.0515
! 437 2.4854 1.7049 1.3856 1.0622 8673
2 5.58 1.9410 1.4273 1.2007 9580 8035
3 6.80 1.6951 12959 Li118 9077 7733
4 6.80 14214 1.1207 5784 8175 7092
5 6.80 12142 9756 8611 7302 6412

(R
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TABLE IXA. (1-y)100 percent standard confidence limits on MTBF afier accept decision

(lower - 61 L%, i)). (Continued)

LOWER CONFIDENCE LIMITS FOR MTBF 6 ON THE ACCEPTANCE BOUNDARY

TEST PLAN VII-D d=20, a=pf=030

NUMBER OF TOTAL
FAILURES TEST TIME y=.50 y =.30 y=.20 y=.10 y =.05
@)
0 1.7 2.4814 1.4286 1.0687 7470 5742
] 3.1 1.6120 1.0939 8814 6656 5352
2 4.50 1.3867 1.0011 8298 6451 .5268

10
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TABLE IXB. (1-y) 100 percent standard confidence limits on MTBF after accept decision

(upper - 8%, (¥ . DL
UPPER CONFIDENCE LIMITS FOR MTBF 8 ON THE ACCEPTANCE BOUNDARY
TEST PLAN I-D d=1.5, a=f=0.10
NUMBER OF TOTAL
FAILURES TEST TIME ¥=.50 ¥=.30 y=.20 ¥=.10 y=.05
0)
0 660 pY 17 U 17 jl
2 9.03 4.5976 7.0344 9.3651 14.5198 21.7317
3 10.25 3.3006 46155 5.7565 8.0215 10.8141
4 11.46 2.7074 3.6017 4.3365 57125 7.2981
5 12.68 2.3664 3.0469 3.5864 4.5592 5.6329
6 13.9i 2.1462 2.6995 3.1268 3.8772 4.6806
7 15.12 1.9928 2.4623 2.8179 3.4297 4.0699
8 16,34 1.8785 2.2886 2.5942 3111e 316427
9 17.55 1.7908 2.1567 2.4260 2.8759 33316
10 18.77 1.7210 2.0527 2.2941 2.6931 3.0924
11 19.98 1.6645 1.9690 2.1886 2.5482 2.9043
12 21.20 1.6175 1.8998 2.1017 2.4297 2.7517
13 2241 1.5781 1.8420 2.0294 2.3317 2.6262
i4 23.63 i.5443 1.7927 1.9675 2.2488 2.5205
15 24.84 1.5153 1.7504 19183 21782 2.4308
16 26.06 1.4899 1.7135 1.8695 2.1169 2.3534
17 27.29 1.4677 1.6812 18295 2.0635 2.2862
18 28.50 1.4482 1.6529 1.7944 2.0169 2.2276
19 29.72 1.4307 1.6275 1.7630 1.9752 2.1754
20 30.93 1.4150 1.6048 1.7349 1.9381 2.1290
21 32.15 1.4009 1.5843 1.7096 1.9046 2.0873
22 33.36 1.3881 1.5657 1.6868 1.8745 2.0495
23 34.58 1.3764 1.5488 1.6659 1.8472 2.0159
24 35.79 1.3658 1.5335 1.6470 1.8224 1.9852
25 37.01 1.3561 1.5194 1.6297 1.7996 1.9571
26 38.22 1.3472 1.5065 1.6138 1.7788 1.9315
27 39.44 1.3390 1.4945 1.5991 1.7597 1.9079
28 40.67 1.3314 1.4836 1.5857 1.7421 1.8863
29 41.88 i.3245 1.4735 1.3733 i.7260 i.8§666
30 43.10 1.3180 1.4641 1.5618 1.7110 1.8482
31 44 31 13120 14554 1.5511 1.6971 1.8312
32 45.53 1.3064 1.4472 1.5411 1.6841 1.8154
33 46.74 1.3012 1.4397 1.5318 1.6721 1.8008
34 47.96 1.2964 1.4325 1.5231 1.6608 1.7872
35 49.17 1.2918 1.4259 1.5150 1.6503 1.7745
36 49.50 1.2876 1.4197 1.5073 1.6405 1.7627
37 49.50 1.2797 i.4088 i.4944 i.6246 1.7442
38 49.50 1.2662 1.3%13 1.4744 1.6010 17177
39 49.50 1.2493 1.3705 1.4512 1.5746 1.6889
40 49.50 1.2308 1.3485 1.4272 1.5479 1.6606

Y"“The upper limit on 8 is infinite, with zero observed failures
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TABLE IXB. (1-y) 100 percent standard confidence limits on MTBF after accept decision

(upper- 8%, i). (Continued)
UPPER CONFIDENCE LIMITS FOR MTBF S ON THE ACCEPTANCE BOUNDARY
TESTPLANII-D d=15, a=p=020

NUMBER OF TOTAL
FAILURES TEST TIME y = .50 y=.30 y=.20 y=.10 |y=.05
@
1 5.40 6.0449 11.7474 18.7771 39.7682 81.6886
2 6.62 3.1261 4.7865 . 6.3746 9.8867 14.8006
3 7.83 2.3601 3.3054 4.1254 5.7531 7.7597
4 9.05 2.0077 2.6766 3.2260 4.2544 5.4393
5 10.26 i.8069 2.3329 2.7497 3.5009 4.3300
6 11.49 1.6768 2.1162 2.4553 3.0507 3.6884
7 12,7} 1.5873 1.9693 2.2588 2.7563 3.2780
8 13.92 1.5218 1.8630 2.1175 2.5491 2.9943
9 15.14 14718 1.7827 2.0117 2.3961 2.7881
10 16.35 1.4330 1.7207 1.9307 2.2801 2.6339
11 17.57 1.4019 1.6713 1.8666 2.1895 2.5150
12 18.78 1.3769 1.6317 1.8153 2.1179 24221
i3 i9.55 1.3563 1.5952 1.7735 2.G595 2.3480
14 21.21 13392 1.5722 1.7389 2.0127 22884
15 21.90 1.3249 1.5498 1.7103 1.9739 2.2403
16 21.90 1.3072 1.5233 1.6776 1.9316 2.1901
17 21.90 1.2764 1.4819 1.6293 1.8743 2.1273
18 21.90 1.2420 1.4391 1.5818 JL 1.8219 2.0744
UPPER CONFIDENCE LIMITS FOR MTBF & ON THE ACCEPTANCE BOUNDARY
TESTPLANIUI-D d=20, a=8= 010
NUMBER OF TOTAL
FAILURES TEST TIME y =.50 y=.30 y=.20 y=.10 y=.0S
. (i) —
0 4.40 v " v v v
1 5.79 6.3479 12.3362 19.7182 41.7613 85.7828
2 7.18 3.3364 5.1098 6.8060 10.5571 15.8052
3 8.56 2.5435 3.5638 4.4489 6.2057 8.3716
4 9.94 2.1789 2.9069 3.5047 4.6238 59135
5 ii.34 1.9708 2.5470 3.0036 3.8270 4.7365
6 12.72 1.8385 2.3236 2.6983 3.3570 4.0641
7 14.10 1.7466 2.1710 2.4928 3.0484 3.6333
8 15.49 1.6799 2.0615 2.3469 2.8333 3.33%0
9 16.88 1.6300 1.9802 22395 2.6775 3.1295
10 18.26 1.5916 1.9i8i 2.1579 2.5608 2.9752
11 19.65 1.5613 1.8692 2.0941 2.4709 2.858S
12 20.60 1.5371 1.8303 2.0438 2.4009 2.7693
13 20.60 1.5112 1.79058 1.9936 2.3339 2.6873
14 20.60 1.4661 1.7287 1.9206 2.2453 2.5880
15 20.60 14173 1.6671 1.8513 2.1682 2.5092
¥ The upper limit on 8 is infinite. with zero observed failures
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UPPER CONFIDENCE LIMITS FOR MTBF 6 ON THE ACCEPTANCE BOUNDARY

TESTPLANIV-D d=2.0, a=8= 020
NUMBER OF TOTAL
FAILURES TEST TIME y=.50 y=.30 y=.20 y=.10 | y=.05
O]
0 2.80 v v v v v
1 4.18 4.0395 7.8503 12.5480 2657541 54,5891
2 5.58 2.3277 3.5732 4.7640 7.3975 11.0817
3 6.96 1.8907 2.6681 3.3453 4.6985 6.3838
4 8.34 1.6995 2.2978 2.7963 3.7496 4.8858
s 9.74 1.5977 2.1073 2.5225 3.3033 42253
6 9.74 i.5385 1.9983 2.3693 3.0652 3.8936
7 9.74 1.4486 1.8613 2.1971 2.8387 3.6262
UPPER CONFIDENCE LIMITS FOR MTBF 6 ON THE ACCEPTANCE BOUNDARY
TESTPLAN V-D d=3.0, a=f= 0.10
NUMBER OF TOTAL
FAILURES TEST TIME 7=.50 y=.30 =20 y=10 ]| y=.05
@)
0 3.75 v ¥ 1y )Y v
1 5.40 5.4101 10.5138 16.8053 35.5920| 73.1104
2 1.05 3.0397 4.6625 6.2143 9.6459 | 14.4469
3 8.70 2.4208 3.4052 4.2604 59625 | 8.0694
4 10.35 2.1462 2.884% 3.4956 4.6508 | 6.0038
5 10.35 1.9966 26113 3.1057 40178 | 5.0622
6 10.35 1.7947 2.3001 2.7039 3.4489 | 43109
UPPER CONFIDENCE LIMITS FOR MTBF 6 ON THE ACCEPTANCE BOUNDARY
TESTPLAN VI-D d=3.0, a=p=0.20
NIUUMRBER OF TOTAL
FAILURES TEST TIME y=.50 v=.30 v=20 y=.10 | y=.05
i)
0 2.67 ¥ v ¥ ¥ v
1 4.32 3.8520 7.4858 11.9654 25.3415 52.0546
2 4.50 23418 3.6027 4 8080 7.4730 11.2010

Y The upper limit on 8 is infinite, with zero observed failures

119




Downloaded from http://www.everyspec.com

MIL-HDBK-781

TABLE IXB. (1-y) 100 percent standard confidence limits on MTBF after accept decision

(upper- 6, (y. i)). (Continued)

UPPER CONFIDENCE LIMITS FOR MTBF 6 ON THE ACCEPTANCE BOUNDARY

TESTPLANVII-D d=1.5, a=p3= 0.30
NUMBER OF TOTAL
FAILURES TEST TIME y=.50 vy=.30 y=.20 y=.10 |y=.05
()
0 315 1y 1/ 1/ V 1/
1 437 4.5445 8.8316 14.1165 29.8973 61.4127
2 5.58 2.4854 3.8096 5.0760 7.8765 11.7945
3 6.80 1.9410 2.7236 3.4022 4.7491 6.4095
4 6.80 1.6951 2.2673 2.7375 3.6186 4.6358
5 6.80 1.4214 1.8373 2.1686 2.7706 3.4423
UPPER CONFIDENCE LIMITS FOR MTBF 6 ON THE ACCEPTANCE BOUNDARY
TEST PLAN VLII-D d=2.0, a=p= 030
NUMBER OF TOTAL
FAILURES TEST TIME y=.50 y=.30 y=.20 y=.10 | y=.05
0]
n ) 1/ 1/ 1/ 1/ 1/
v 1.14
1 3.10 2.4814 48223 7.7080 16.3249 | 33.5333
2 4.50 1.6120 2.4894 33277 5.1811 7.7733
V' The upper limit on 8 is infinite, with zero observed failures
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TABLE XA. (1-y) 100 percent standard confidence limits on MTBF after reiect decision
(. ~ ~1 ..‘

LOWER CONFIDENCE LIMITS FOR MTBF S ON THE REJECTION BOUNDARY

TEST PLANI-D d= 1.5, a=0= 010
NUMBER OF TOTAL
FAILURES TEST TIME y=.50 y=.30 y=.20 y=.i0 vy=.05
(t)

6 68 .1199 0971 .0860 0733 0647

7 1.89 .2835 2331 .2083 1795 1596

8 3.0 4072 3389 3049 2849 2371

9 4.32 .5031 4228 .3824 3346 3010
10 5.54 .5815 4926 4476 3939 3559
11 6.75 .6454 5505 .5021 444 4028
i2 7.97 6997 6004 5495 4881 4443
13 9.18 7453 6430 .5902 5264 4806
14 10.40 .7852 6806 .6265 5606 5132
15 11.61 .8194 7134 6582 5909 5422
16 12.83 .8499 7428 6868 6184 5687
i7 14.06 .8773 7695 7i29 6436 5932
18 15.27 9012 7929 7360 6860 6180
19 16.49 9228 8143 7572 6867 6352
20 17.70 9420 8336 .7763 7055 6537
21 18.92 9596 8513 .7940 7230 6709
22 20.13 9754 8674 8161 7356 6867
23 21.35 9901 .8824 8251 7540 7016
24 22.56 1.0033 .8960 8389 7678 7153
25 23.78 1.0157 .9088 8518 7808 7282
26 24.99 i.0269 9205 8637 7928 7402
27 26.21 1.0374 9118 8749 8041 7516
28 27.44 1.0473 9420 8855 8149 7624
29 28.65 1.0562 9518 .3952 8248 7723
30 29.85 1.0644 9602 9042 8339 78158
31 31.08 1.0723 5686 9i29 8428 7505
32 32.30 1.0797 9765 9210 8511 7988
33 33.51 1.0864 9838 9285 8588 8066
34 34.73 1.0928 .9908 9357 .8662 8141
35 35.94 1.0987 .9972 .9423 .8731 .8210
k1 37.16 1.1044 1.0034 5487 .8796 8276
37 38.37 1.1096 1.0091 9546 .8858 8338
38 39.59 1.1145 1.0145 .9603 .8916 .8397
39 40.82 1.1193 1.0198 9658 .8973 8454
40 42.03 1.1236 1.0246 9708 9025 .8506
41 43.10 1.1269 1.0283 9746 9064 .8546
41 4431 1.1369 1.0388 9853 9170 .8649
4] 45.53 1.1517 1.0536 9998 9308 8779
41 46.74 1.1691 1.0703 1.0159 9457 8914
4 47.96 1.1880 1.0880 1.0325 9607 9047
41 49.17 1,2069 1.1051 1.0484 974§ 9165
4] 49.50 1.2120 1.1097 1.0526 9780 9194
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(Mr;@lh (v, 1). (Continued)

LOWER CONFIDENCE LIMITS FOR MTBF 8 ON THE REJECTION BOUNDARY

TEST PLAN 1I-D d=15, a=f= 010
NUMBER OF TOTAL
FAILURES TEST TIME y=.50 y=.30 vy=.20 y=.10 =05
(U]

3 24 0898 0664 0561 .0451 0381
4 1.46 .3981 3069 .2649 2187 .1884
5 2.67 .5831 4605 4028 .3380 2947
6 3.90 7133 5733 .5063 4299 3782
7 5.12 .8075 6577 5851 .5015 4444
8 6.33 8783 7231 6472 .5590 4983
9 7.55 9347 7765 6985 6073 5440
10 8.76 9794 8198 .7406 6474 .5824
11 9.98 1.0165 8564 .7765 6821 6158
12 11.19 i.0468 8869 .8067 7ii4 .6442
13 12.4) 1.0725 9131 .8328 .7370 6691
14 13.62 1.0938 9352 .8549 .7588 .6903
15 14.84 1.1122 9544 8743 7780 .7090
16 16.05 1.1277 9708 .8909 7944 7249
i7 17.28 i.1413 9854 9056 .8090 7390
18 18.50 1.1530 9980 o184 8216 7511
19 18.78 1.1536 9986 9191 8223 7519
19 19.99 1.1675 1.0135 9340 .8368 7654
19 21.21 1.1937 1.0389 9582 8586 7844
i$ 21.90 1.2109 1.0546 9727 .8709 7946
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TABLE XA. (1-y) 100 percent standard confidence limits on MTBF after reject decision

(lower - 8%, (y,1)). (Continued)

LOWER CONFIDENCE LIMITS FOR MTBF 6 ON THE REJECTION BOUNDARY

TEST PLAN {ii-D d=2.0, a=pB= 010
NUMBER OF TOTAL
FAILURES TEST TIME y=.50 y=.30 y=.20 y=.10 y=.05
(t)

3 .70 2618 1936 1636 1318 112
4 2.08 5724 4403 3798 3131 .2696
5 3.48 7696 .6062 .5296 4437 .3865
6 4.40 8403 6700 .5894 4983 437N
6 4.86 9027 7232 6377 5405 4751
7 5.79 9535 .7708 .6832 .5830 5151
7 6.24 .9998 8117 7210 6169 5460
8 7.18 1.0383 .8488 .7570 6512 .5788
8 7.63 1.0746 8818 .7880 6795 .6050
9 R.56 1.1037 9107 8164 .7069 6315
9 9.02 1.1332 9382 .8425 7312 6541
10 9.94 1.1556 9610 .8652 7534 6758
10 10.40 1.1793 9836 .8870 7738 6951
n 11.34 1.1980 1.0029 .9063 7930 7138
1 11.79 1.2170 1.0214 .9244 8100 .7300
12 12.72 1.2319 1.0371 .9402 8258 7454
12 13.18 1.2479 1.0530 9557 .8406 7595
i3 i4.10 1.2599 1.0657 .9687 .8536 7722
13 14.56 1.2731 1.0790 9818 .8661 7841
14 15.49 1.2831 1.0899 .9929 .8772 7950
14 15.94 1.2939 1.1009 1.0038 .8877 .8049
15 16.88 1.3025 1.1102 1.0133 .8973 8142
15 17.34 1.3118 1.1199 1.0229 9064 .8227
16 18.26 1.3187 1.1275 1.0307 .9142 .8303
16 19.65 1.3484 1.1572 1.0595 .9409 .8543
16 20.60 1.3755 1.1825 1.0830 .9613 8715
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TABLE XA. (1-y).100 percent standard confidence limits on MTBF after reject decision

(lower - 9'. (v.t). (Continued)

LOWER CONFIDENCE LIMITS FOR MTBF 6 ON THE REJECTION BOUNDARY

TEST PLAN IV-D d=20,  a=p= 020
NUMBER OF TOTAL
FAILURES TEST TIME y=.50 y=.30 y=.20 y=10 | y=.0s
(0
2 .70 4171 .2870 2338 .1800 1476
3 2.08 8127 .5944 4997 3996 3367
4 2.80 8914 6843 5646 4578 3898
4 3.46 .0284 7767 6644 5428 4646
5 4.18 1.0734 .8193 .7052 .5809 .5004
5 4.86 1.1634 .8977 7768 6438 .5567
6 5.58 1.1910 9251 8036 6693 .5809
6 6.24 1.2478 9767 8515 7120 6192
7 6.96 12654 9948 8694 7291 6353
7 7.62 1.3031 1 030) .9026 7586 6612
8 8.34 1.3147 1.0423 9146 .7700 6717
8 9.74 1.3763 1.0986 9662 .8133 .7069
LOWER CONFIDENCE LIMITS FOR MTBF 8 ON THE REJECTION BGUNDARY
TEST PLAN V-D d=3.0, a=08= 010
NUMBER OF TOTAL
FAILURES TEST TIME y=.50 y=.30 y=.20 y=.10 y =.05
®
2 57 3396 2337 1904 1465 1202
3 2.22 8514 6256 5271 4225 3564
4 3.75 1.0993 8334 7141 5845 5008
4 3.87 1.1275 .8559 7338 6010 5182
5 5.40 2816 9532 8613 7156 6260
s 5.52 13007 1.0094 2758 7282 61
6 7.05 1.4030 1.1049 9664 8118 .7089
8 7.17 14164 11166 9772 8213 7178
7 8.70 1.4866 1.1845 1.0427 .8825 7746
7 1035 1.6326 13112 11575 9813 8600
LOWER CONFIDENCE LIMITS FOR MTBF 6 ON THE REJECTION BOUNDARY
TEST PLAN VI-D d=10, a=p=020
NUMBER OF torau | |
FAILURES TEST TIME y=.50 y=30 y=.20 =10 y= .05
®
2 6 2148 1476 1202 0926 0759
3 2.67 1.0053 7422 62606 5034 4253
3 432 15801 11648 9819 7862 6618
3 4.50 1 6344 12039 10142 8111 6818
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TABLE XA. (1-y)100 percent standard confidence limits on MTBF after reiect decision

(lower- Blle ). (Continued)

L.LOWER CONFIDENCE LIMITS FOR MTBF 6 ON THE REJECTION BOUNDARY

TESTPLANVII-D  d=1.5, a=p=030
NUMBER OF TOTAL
FAILURES TEST TIME y=.50 y=.30 y=.20 y=.10 y=.05
(t)

3 i.22 4562 3374 2851 2292 1938
4 2.43 6856 5245 4513 3710 3188
5 3.15 7501 5824 5052 4199 3638
5 3.65 8322 6511 5671 4735 A115
6 437 8743 .6908 .6050 5089 4448
s 558 1.0223 8263 7283 8172 5422
6 6.80 1.2142 9756 8611 7302 6412

LOWER CONFIDENCE LIMITS FOR MTBF 8 ON THE REJECTION BOUNDARY

TEST PLAN VIII-D d=2.0, a=0p=0.30
NUMBER OF TOTAL
FAILURES TEST TIME y=.50 vy=.30 y=.20 y=.10 y=.05
@)
3 1.72 6432 4757 .4020 3232 2732
3 300 Lii2i 8183 6885 549 | 4605
3 4.50 - 1.3867 1.0011 .8298 6451 5268
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TABLE XB. (1-y) 100 percent standard confidence limits on MTBF after reject decision
(upper - 8, (y.0)
UPPER CONFIDENCE LIMITS FOR MTBF 6 ON THE REJECTION BOUNDARY
TEST PLAN i-D d=15, a=p=010
NUMBER OF TOTAL
FAILURES TEST TIME y=.50 y=.30 y=.20 y=.10 y=.05
0)

[ 68 1199 1508 1742 2157 2602
7 1.89 2835 3494 3995 4855 5757
8 311 4072 4951 .5609 6724 7873
9 4.32 .5031 6052 6807 .8074 9365
10 5.54 5815 6933 7751 Sit4 1.0488
11 6.75 6454 .7636 .8496 9917 1.1339
12 797 6997 8224 91t 1.0567 1.2015
13 9.18 .7453 8711 9614 1.1090 1.2550
14 10.40 7852 9129 1.0042 1.1528 1.2991
15 11,6} 8194 0484 1.0402 1.1890 1.33150
16 12.83 .8499 9796 1.0716 1.2201 1.3654
17 14.06 8773 1.0073 1.0992 1.2472 1.3915
18 15.27 9012 1.0311 1.1228 1.2700 1.4132
19 16.49 9228 1.0525 1.1438 1.2900 1.4320
20 17.70 .9420 1.0713 1.1621 1.3073 1.4480
21 18.92 9596 1.0884 1.1786 1.3227 1.4621
22 20.13 9754 1.1036 1.1932 1.3361 1.4742
23 21.35 .9901 i.1i76 i.2065 1.3482 1.4850
24 22.56 1.0033 1.1301 1.2184 1.3589 1.4944
25 23.78 1.0157 1.1416 1.2293 1.3686 1.5029
26 2499 1.0269 1.1521 1.2391 1.3772 1.5103
27 26.21 1.0374 1.1617 1.2481 1.3851 1.5170
8 27.44 1.0473 1.1708 1.2565 1.3923 i.5231
29 28.65 1.0562 1.1790 1.2640 1.3988 1.5285
30 29.85 1.0644 1.1863 1.2708 1.4045 1.5332
31 31.08 1.0723 1.1934 1.2772 1.4099 I §376
32 32.30 1.0797 1.2000 1.2832 14148 1.5416
33 33.51 }1.0864 1.2060 1.2886 14193 1.5451
34 34.73 1.0928 1.2116 1.2936 1.4234 1.5484
35 35.94 1.0987 1.2168 1.2982 14271 1.5513
36 37.16 1.1044 12217 1.3026 1.4306 1.5540
37 38.37 i.i096 1.2262 1.3066 1.4338 i.5564
38 39.59 1.1145 12308 1.3103 14367 1.5586
39 40.82 1.1193 1.2345 1.3139 1.4395 1.5607
40 42.03 1.1236 1.2382 1.3172 14420 1.56258
4] 43.10 1.1269 1.2410 1.3195 1.4438 1.5638
4i 44.31 [.1369 1.2560 1.3277 1.4505 1.56%0
4] 4553 1.1517 1.2642 1.3410 1.4621 1.5786
4] 46.74 1.1691 1.2816 1.3580 14777 1.5922
4] 4796 1.1880 13011 1.3776 1 4965 1.6095
41 49.17 1.2069 13213 1.3982 1.5170 1.6291
41 49.50 1.2120 13268 14038 15228 1.6347
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TABLE XB. (1-y) 100 percent standard confidence limits on MTBF after reject decision

(upp;;ju( y.1)). (Continued)

UPPER CONFIDENCE LIMITS FOR MTBF 8 ON THE REJECTION BOUNDARY

TEST PLAN 1I-D d=15, a=0=020
NUMBER OF TOTAL
FAILURES TEST TIME y=.50 y=.30 y=.20 y=.10 y=.05
(t)

3 24 0898 1254 1563 2178 .2935
4 1.46 3981 .529 6369 .8389 1.0720
5 267 .5831 7537 .8902 1.1394 1.4185
6 3.90 7133 .9040 1.0538 1.3224 1.6179
7 5.2 8075 1.0081 1.1638 1.4395 1.7392
8 6.33 .8783 1.0837 1.2415 1.5186 1.8173
9 7.55 9347 1.1420 1.3000 1.5758 1.8715
10 8.76 9794 1.1869 1.3442 1.6174 1.9093
11 9.98 1.0165 1.2232 1.3792 1.6492 1.9370
12 11.19 1.0468 1.2522 1.4066 1.6732 1.9572
13 12.41 1.0725 1.2762 1.4289 1.6922 1.9726
14 13.62 1.0938 1.2958 1.4468 1.7070 1.9840
15 14.84 1.1122 1.3123 1.4617 1.7188 1.9929
16 16.05 1.1277 1.3260 1.4738 1.7282 1.9996
17 17.28 1.1413 1.3379 1.4842 1.7360 2.0050
18 18.50 1.1530 1.3479 1.4928 1.7422 2.0092
19 18.78 1.1536 1.3483 1.4932 1.7425 2.0093
19 19.99 1.1675 1.3604 1.5035 1.7499 20142
19 21.21 1.1937 1.3854 1.5266 1.7686 2.0277
19 2190 1.2109 1.4029 1.5436 1.7833 2.0392




IN k=12

TABLE XB. (1.-y) 100 percent standard confidence limits on MTBF after reject decision
(umr_—_&i_Ly_J)_) (Continued)

UPPER CONFIDENCE LIMITS FOR MTBF 6 ON THE REJECTION BOUNDARY

Downloaded from http://www.everyspec.com
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iTAAAL BAASASART I U

u = 1.0

TEST PLAN Ili-D d=2.0, a=p=010
NUMBEROF | TOTAL
FAILURES TEST TIME y=.50 y=.30 y=.20 y=.10 y=.05
Q)]
3 70 2618 3658 4560 6352 8561
4 2.08 5724 7631 9208 1.2184 1.5650
5 3.48 7696 9986 11831 1.5226 1.9075
6 4.40 8403 1.0760 1.2643 1.6079 1.9949
6 4.86 9027 1.1491 13444 1.6982 2.0930
7 5.79 9535 1.2023 1.3984 1.7519 2.1450
7 6.24 9998 1.2542 1.4535 1.8106 22052
8 7.18 1.0383 1.2931 1.4918 1.8469 22385
8 7.63 1.0746 13322 1.5321 1.8878 2.2783
9 8.56 1.1037 13606 1.5594 1.9125 2.2999
9 9.02 1.1332 13913 1.5902 1.9423 23275
10 9.94 1.1556 1.4125 16102 1.9597 23419
10 10.40 1.1793 1.4364 16336 1.9814 2.3610
" 11.34 1.1980 1.4536 1.6495 1.9946 23715
1 11.79 1.2170 1.4724 1.6674 2.0106 2.3849
12 12.72 1.2319 1.4857 1.6795 2.0203 23923
12 13.18 1.2479 1.5011 1.6939 2.0326 2.4021
i3 14.i0 1.2599 15006 1.7032 2.0398 2.4073
13 14.56 1.2731 1.5239 1.7146 2,049} 2.4144
14 15.49 1.2831 1.5326 1.7221 2.0547 24183
14 15.94 1.2939 1.5425 1.7310 2.0617 2.4234
1S 16.88 1.3025 1.5497 1.7371 2.0661 24263
1S 17.34 1.3118 .5581 1.7445 2.0718 2.4302
16 18.26 13187 1.5638 1.7493 2.0751 2.4323
16 19.65 1.3484 1.5911 1.7739 2.0940 2.4453
16 20.60 1.37558 16184 17999 21161 2.4620
128

Y = = yJ 5L}
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TABLE XB. (1-y) 100 percent standard confidence limits on MTBF afier reject decision

( unn;rj‘l. Ly.1). (Continued)

UPPER CONFIDENCE LIMITS FOR MTBF 6 ON THE REJECTION BOUNDARY

TEST PLANIV-D d=2.0 c=p=020
NUMBER OF TOTAL
FAILURES TEST TIME y=.50 y=.30 y=.20 y=.10 y=.05
®
2 .70 4171 6379 .8491 1.3163 1.9698
3 2,08 8127 1.1549 1.4606 2.0916 29133
4 2.80 .8914 1.2418 1.5517 2.1863 3.0078
4 3.46 1.0284 1.4084 1.7379 2.3998 3.2402
5 4.18 1.0734 1.4541 1.7830 24418 32774
5 4.86 1.1634 1.5551 1.8891 2.5506 3.38i%
6 5.58 1.1910 1.5816 1.9139 2.5716 3.3986
6 6.24 1.2478 1.6413 1.9733 2.6267 3.4455
7 6.96 1.2654 1.2654 1.9876 2.6377 3.4533
7 7.62 1.3031 1.6948 2.0232 2.6677 3.4759
8 8.34 1.3147 1.7049 2.0318 2.6737 3.4797
8 9.74 1.3763 1.7664 2.0895 2.7203 35124
UPPER CONFIDENCE LIMITS FOR MTBF 8 ON THE REJECTION BOUNDARY
TEST PLAN V-D d=3.0, a=B=0.10
NUMBER OF| TOTAL
FAILURES TEST TIME y=.50 =30 y=20 y=.10 y=.05
®

2 57 3396 5194 6914 1.0718 1.6040
3 222 8514 1.2013 1.5104 2.1387 2.9405
4 3.75 1.0993 1.4966 1.8373 25110 3.3478
4 3.87 1.1275 1.5322 1.8783 2.5609 3.4057
5 5.40 1.2816 1.7020 2.0557 2.7434 3.5848
5 5.52 i.3007 1.7245 2.0802 2.7703 3.6129
6 7.05 1.4030 1.8304 2.1855 2.8695 3.7010
6 7.17 1.4164 1.8451 2.2009 2.8850 3.7155
7 8.70 1.4866 1.9142 2.2666 2.9421 3.7614
7 10.35 1.6326 2.0766 2.4352 3.1097 3.9145
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TABLE XB. (1-y) 100 percent standard confidence limits on MTBF after reject decision

(upper -,Blu (y. ) (C;mtinued)

UPPER CONFIDENCE LIMITS FOR MTBF 6 ON THE REJECTION BOUNDARY

TEST PLAN VI-D d=30, a=p=020
NUMBER OF TOTAL
FAILURES TEST TIME =50 y=30 y=20 y=.10 y=.08
(1)
2 36 2145 3281 4367 6769 1.0130
3 267 1.0053 1.4085 17602 24631 3.3386
3 432 1.5801 22143 2.7655 3.8626 5.2207
3 4.50 1.6344 2.2915 2.8625 3.9987 5.4047
UPPER CONFIDENCE LIMITS FOR MTBF 6 ON THE REJECTION BOUNDARY
TEST PLAN VII-D d=15, a=p=030
NUMBER OF | TOTAL
FAILURES | TEST TIME y=.50 y =30 ¥=20 y=.10 =05
(V)
3 122 4562 6375 7948 1.1070 14920
4 243 6856 9211 1.1183 14961 r 1.9450
5 3.15 7501 9921 1.1927 1.5743 2.0247
5 3.65 8322 1.0898 1.3009 1.6974 21594
6 4.37 8743 11335 1.3448 1.7402 2.1998
6 5.58 1.0323 13164 1.5430 1.9578 24286
6 6.80 12142 1.5387 1.7939 22533 2.7633
UPPER CONFIDENCE LIMITS FOR MTBF 8 ON THE REJECTION BOUNDARY
TEST PLAN VIII-D d=20, a=p=030
NUMBER OF TOTAL
FAILURES TEST TIME y=.50 y=30 y=.20 y=10 y= 05
0
3 172 6432 8987 1.1205 1.5607 2.1035
3 3.10 11121 1.5594 1.9473 2.7171 3.6659
3 4.50 1.3867 1.9710 2.4763 34779 47114
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TABLE XI. Summary of fixed-duration test plans.

IV 23N

JHUINnr_Te
“iiv -

Number of
failures
True Test
decision duration Reject Accept
Test Plan risks Discrimination (multiples (equal (equal
(percentage) ratio (d) 6/6, of 8,) or more) or less)
a P
1X-D 12.0 2.9 1.5 450 37 36
X-D 109 214 1.5 29.9 26 25
XLD 19.7 19.6 i.5 215 i8 i7
Xli-D 96 10.6 20 188 14 13
XH1I-D 9.8 20.9 20 12.4 10 9
XIV-D 19.9 21.0 20 7.8 6 5
XV-D 9.4 9.9 30 9.3 6 5
XVi-D 10.9 213 30 54 4 k!
XVII-D 17.5 19.7 30 43 3 2
TABLE XII. Summary of high risk fixed-duration test plans.
Number of
failures
True Test
decision duration Reject Accept
Jest Pian risks Discnmination {muitpies (cquai (equai
(percentage) ratio (d) 6,/0, of §,) or more) or less)
a B
XiX-D 29.8 30,1 1.5 8.1 7 6
XX-D 28.3 285 2.0 3.7 3 2
XX1-D 30.7 333 3.0 1.1 1 0
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CONFIDENCE INTERVALS
40 PERCENT 60 PERCENT 80 PERCENT
70 70 80 80 90 90
PERCENT | PERCENT | PERCENT | PERCENT | PERCENT | PERCENT
LUWEK UFPEK LOWEK UFFEK LOWER UPPER
LIMIT LIMIT LIMIT LIMIT LIMIT LIMIT
0.801 | 2804 0.621 4.48] 0.434 9.49!
0.820 1.823 0.668 2.426 0.514 3.761
3 0.830 1.568 G.761 1.954 0.564 2722
0.840 1.447 0.725 1.742 0.599 2293
0.849 1.376 0.744 1.618 0.626 2.055
0.856 1.328 0.759 1.537 0.647 1.904
7 0.863 1.254 0.771 1.475 0.665 1.797
0.869 1.267 0.782 1.435 0.680 1.718
0.874 1.247 0.796 1.400 0.693 1.657
0.878 1.230 0.799 1.372 0.704 1.607
0.882 1.215 0.806 1.349 0.7i4 .567
0.886 1.203 0812 1.329 0.723 1.533
0.889 1.193 0.818 1.312 0.731 1.504
0.892 1.184 0.823 1.297 0.738 1.478
0.895 i.176 0.828 i.284 0.745 1.456
0.897 1.169 0.832 1.272 0.751 1437
0.900 1.163 0.836 1.262 0.757 1.419
0.902 1.157 0.840 1.253 0.763 1.404
0.904 1.182 0.843 1.244 0.767 1.390
20 {} 906 P47 0 R46 i237 772 i.3°7
10 0.920 1118 0.870 1,185 it ?(‘!: j ; 29!

3
to
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TABLE X1V. Demonstrated MTBF confidence limit multipliers, for time calculation.
CONFIDENCE INTERVALS
40 PERCENT 60 PERCENT 80 PERCENT
70 70 80 80 9% %
PERCENT | PERCENT | PERCENT | PERCENT PERCENT | PERCENT
TOTAL NUMBER LOWER UPPER LOWER UPPER LOWER | UPPER
OF FAILURES LIMIT LIMIT LIMIT LIMIT LIMIT LIMIT

! 0.410 2.804 0.334 4.481 0.257 9.491

2 0.533 1.823 0.467 2.426 0.376 3.761

3 0.630 1.568 0.544 1.954 0.449 2.722

4 0.679 1.447 0.595 1.742 0.500 2.293

5 0.714 1.376 0.632 1.618 0.539 2.085

6 0.740 1328 0.661 1.537 0.570 1904
7 0.760 1.294 0.684 1.479 0.595 1.797

8 0.777 1.267 0.703 1.438 0.616 1.718

9 0.790 1.247 0.719 1.400 0.634 1.657
10 0.802 1.230 0.733 1372 0.649 1.607
1 0.123 1.215 0.744 1.349 0.663 1.567
12 0.821 1.203 0.758 1.329 0.675 1.533
13 0.828 1.193 0.764 1312 0.686 1.504
14 0.835 1.184 0.772 1.297 0.696 148
is 0.841 1.176 0.780 1.284 0.705 1.456
16 0.847 1.169 0.787 12712 0.713 1.437
17 0.852 1.163 0.793 1.262 0.720 1.419
18 0.856 1.157 0.799 1.253 0.727 1.404
19 0.361 i.152 0.804 1.244 0.734 1.390
! () RA4 1147 0 809 1237 0740 377
30 0891 1115 (.844 1.18S 0 783 1.291
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TABLE XV. Accept times of fixed-duration tesi pians, Program Manager's assessment

Test Pian Accept times ¥’

IX-D T,=42 T,=61 T,=79 T,-94 T.=110
T,= 124 T,= 139 T,=153 T,- 16.6 Ty= 18.0
To=19.3 T, =207 T, =220 T, - 233 T =245
T =258 Te=271 T,y=28.3 Ts-296 Te=308
Tpo=32.1 Ty =333 Ty = 34.5 Ty - 35.8 Ty =370
T, = 38.2 T,,=394 T,y = 40.6 T,a-41.8 T, =430
Ty= 442 T, =454 T, = 46.6 T,,-47.8 T, =49.0
T, =501 T, =513 T, =525 T, - $17 T,o=548
T,o= 56.0 T, =572 T, =583 T, - 59.5 T =607
Tee=61.8 o= 63.0 T =64 Tu- 653 Tio=66.5
Tw=67.6 T,, =68.8 Ts; =69.9 Ty-7101 Tee=722

X-D T.=32 T,=50 T.=66 T,-81 T,=95
T,= 109 T =122 T,=13.6 T,- 149 T,=16.1
Tyo=17.4 T, =187 T, =199 T,-2i2 T, =224
T, =236 T, =248 T,,=26.1 T, -273 T,,=28.4

1 Accept at time (Tj) if (j) failures have occured up to that time.
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TABLE XV. Accept times of fixed-duration test plans, Program Manager's assessment,

(Continued)

Test Plan Accept times?/

IX-D Ty=29.6 Ty = 30.8 Ty =320 Ty -33.2 Ty=344

{Cont')
T,=35.6 Ty =36.7 T, =379 Ty -39.1 Ty = 40.2
Ty,,=414 T, =425 Ty, =439 Ty -44.8 T4 =46.0
T, =47.1 T, =483 T,,=49.4 Ty - 50.6 Tyo=517

X1-D To=3.0 T, =48 T,=6.3 T,-78 T,=9.2
T,=10.5 T,=119 T,=132 T,- 144 To=15.7
To=17.0 T, = 18.2 T,,=19.5 T, -20.7 T, =219
T,e=23.1 T, =243 T,,=255 Tye-26.7 Tio=279
Tso=29.1 T, = 30.3 Ty =314 Ty - 32.6

X11-D To=3.7 T,=56 T,=72 T,-838 T,=103
Te=11.7 T,=13.1 T,=14.4 T,-158 To=17.1
T,o= 18.4 T, =19.7 T, =210 T-22.3 T, =235
T, =248 T,.=260

X111-D To=28 T =46 T,=6.1 T,-7.5 T, =89
T,=103 T,=116 T,=129 T,- 141 T,=15.4
To= 16.6 T, =179 T,y =19.1

1" Accept at time (Tj) if (j) failures have occured up to that time.




Downloaded from http://www.everyspec.com

MIL-HDBK-781
TADI I VY Amoes i O Lo X at e e V____ T v -
LADLE AV. ACCCRLUMCS Of NXCA-QUIalion 1€51 PIians, rrogram Mianager s assessment.
(Continued)
Test Plan Accept times ¥
IX-D T;=27 T, =44 T,=59 T,-73 T.=87
(Cont'd)
T.=10.0 Te=113 T,=126
XV-D T,=3.5 T, =54 T,=7.0 T,-86 T,=100
T,=114 To=128
XVI-D T,=2.5 T,=4.1 T,=56 T,-70 T.=83
XVii-D To=22 T,=38 T.=52
XIX-D Te=2.1 T,-37 T,=5.1 T,-64 T,=77
Tc=89 Te=102 T,=114 Te- 126
XX-D T,= 1.8 T,=3.2 T,=45
XX1-D To=11

r Accept at time (T)) if (j) failures have occured up to that time.
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TABLE XVI. Comparison of risks, standard fixed-duration tests versus Proeram Manaover's

assessment.
Standard test plans Program Manager's assessment
Test Discrimination Producer's Consumer's Producer's Consumer's

Plan ratio risk @ (%) risk B (%) risk a (%) risk P (%)
IX-D 1.5 12.0 99 10.2 10.0
X-D 1.5 10.9 214 ' 10.1 298
XI-D 1.5 17.8 22.1 20.1 204
XII-D 2.0 9.6 10.6 104 10.3
XIII-D 2.0 9.8 20.9 9.9 19.2
X1v-D 2.0 19.9 21.0 20.0 18.3
XV-D 3.0 94 2.9 10.0 8.4
xvl-D 3.0 10.9 213 10.2 18.7
XVIi-D 3.0 17.5 19.7 19.7 19.2

. (ngh ns” lans) ................................................................................. e

XIX-D 1.5 28.8 313 29.6 30.8
XX-D 2.0 28.8 28.5 299 29.1
XXI-D 3.0 30.7 333 30.7 333
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TABLE XVII. Test times. standard fixed-duration test plans versus Program Manager's
assessment.

Standard test plans Program Manager's assessment
Test Discrimination Test Number of failures Test Number of failures
Plan ratio Time ! 10 reject Time V' 10 reject
IX-D 1.5 45.0 > 37 722 > 55
X-D 1.5 299 226 51.7 240
XI-D 1.5 21.1 > 18 32,6 224
XII-D 20 18.8 > 14 26.0 > 17
XII-D 2.0 12.4 >10 19.1 213
XIV-D 20 7.8 >6 12.6 >8
XV-D 3.0 9.3 >6 12.8 >7
XVI-D 3.0 54 >4 83 25
XVII-D 30 43 >3 5.2 >3
.. (ngh nSk pﬂm,s) ..............................................................................
XIX-D 1.5 8.0 >7 12.6 >9
XX-D 20 37 >3 45 >3
XXI-D 30 1.1 >1 1.1 >1
¥ Multiples of 8,
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TABLE XIX. Example of correct ordering in the AO bound calculation.

fort o relibd2

run

Give number of subsystems.

3

Enter data stanting by subsystem with smallest total time on test.
Enter data for subsystem |

Enter this subsystem's total time on test

14.61

Enter this subsystem's number of failures.

2
Enter data for subsystem 2
Enter this subsystem’s total time on test

1 N7
22771
Enter this subsystem's number of failures

Enter data for subsystem 3

Enter this subsystem's total time on test
62.542

Enter this subsystem's number of failures.
2

Enier confidence ievei
1 229

3Dl

Mission Time: 1.00000
Percentile: 1.28200

Enter confidence level percentile.
0.0
Enter mission time.

1N

1.V

Mission Time: 1.00000

iva tH tHH 3 VY

Percentile: 0.

M2 = 0.1806820 V2 = 0.0103983
Reliability Bound is: 0.850297

If another confidence ievei or mission time, give i.
0
Y

b
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3597

Enter this subsystem's number of failures.

2

Enter data for subsystem 2
~1

Tamtnm bl mihccictamata sae. Siemmm mua ot
LT ULD DUDDYSITIL D tulal tlie vl oot
14.61

Enter this subsystem's number of failures.
2

Enter data for subsystem 3

Enter this subsystem's total time on test
62.542

Enter this subsysiem's number of faiiures

o ]
P4

Enter confidence level percentile.
1.282

Enter mission time.

1.0

Mission Time: 1.00000
Darrantila: 1_28299

Fwiwwiisiiv, 3

M2 =0.1400359 V2 = 0.0064862
Reliability Bound is: 0.780768

If another confidence level or mission time, give 1.

Enter confidence level percentile.

0.0

Enter mission time.

1.0

MissionTime: 1.00000
Daomanowmoila. n
rerLemniie. V.

M2 =0.1400359 V2 = 0.0064862
Reliability Bound is: 0.882358

It another contidence level or mission time, give 1.
0

*

+-
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TABLE XXI. Example data for computer program.

Example run:

Reference 13, page 200, line 1

ith Subsystem

Total time on test

Number Failures

i

2
“~

wh

[ XY a

4

2

(95 )

142
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TABLE XXI1I. Example computer run for data in TABLE XXI.

run
Give number of subsystems.

.
J
Enter data starting by subsystern with smallest total time on test.

Enter data for subsystem 1!
Enter this subsystem's total time on test

Codo abic ool ctamale miicmbime af £oiliioan
cnier SUDSYSICITI S DUMOCT O1 1a1LUTcs.
4

Enter data for subsystem 2
Enter this subsystem's total time on test

Cogan sbhic ciihcsctnem®e nuimmbar o8 foiliica,
CICT LUl DUUD.VSICIII S HUINIUCT UL 1alidied

Enter data for subsystem 3
Enter this subsystem's totai time on test

214 01
&U.07 i

Enter this subsystem's number of failures.
2

Enter data for subsystem 4

Enter this subsysiem’s totai ime on iest
270 €11

Enter this subsystem's number of failures.
3

Enter data for subsysiem 5

62.430

Enter this subsysiem's number of failures.
3

Enter confidence level percentile,

! ner
1.282

Enter mission time.

1.0

Mission Time: 1.00000
Percentile: 1.28200

M2 =0.5058325 V2 = 0.0491630
Reliability Bound is: 0.406101

If another confidence level or mission time, give 1
0
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TABLE XXIII. Thermal stress environments for marine crafi.
Environmental Operating Nonoperating
condition °C °C

Exposed-unsheltered -54 t0 + 65 -62t0+ 71
Exposed-unsheltered -28to + 65 -62to + 71
(ship)

Sheltered noncontrolled -40 to + 50 -62to + 71

environment (shore)
Sheltered noncontrolled 0to+50 -62to + 71

144
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TABLE XXV. Test profile data (example).

COMPART TEMPER- DEW
MENT ATURE POINT | EQUIP- ]
TEMPER- RATE TEMPER- | MENT
DURATION | ATURE OFCHANGE W, | ATURE | OPERA-
(MINUTES) CC) (CCPERMIN) | (g'/Hz)| (°C) | TION
GROUND NONOPERATING, 30 - 54 . - N/A OFF
COLD DAY
GROUND OPERATING, 30 - 54 - . N/A ON
COLD DAY
TAKEOFF | - 5.0 0.002 N/A ON
CLIMB TO ALTITUDE 34 - - 0.001 N/A ON
CRUISE 18 -32 - 0.001 N/A ON
DIVE 2.6 - 5.0 0.0019] N/A ON
CRUISE 45 -19 - 0.0019] N/A ON
CRUISE (COMBAT) 5 -10 - 0.007 N/A ON
CRUISE 45 -19 - 0.0019] N/A ON
CLIMB 2.6 - 5.0 0.001 N/A ON
CRUISE 18 -32 0.001 N/A ON
DESCEND TO HOT DAY 14 - 7.35 0.001 N/A ON
GROUND NONOPERATING, 30 +71 - - 31 OFF
HOT DAY
GROUND OPERATING, 30 +71 - - 31 ON
HOT DAY
TAKEOFF ] - 5.0 0.002 N/A ON
CLIMB TO ALTITUDE 1 - . 0.001 N/A ON
CRUISE 18 +11 . 0.001 N/A ON
DIVE 425 - 14.1 0.0019 N/A ON
CRUISE 45 + 71 - 0.0019| N/A ON
CRUISE (COMBAT) 5 +71 . 0.007 N/A ON
CRUISE 45 +71 - 0.0019] N/A ON
CLIMB 7 . 8.71 0.001 N/A ON
CRUISE 18 +10 - 0.001 N/A ON
DESCEND TO COLD DAY 13 . 5.0 0.001 N/A ON
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MIL-HDBK-781
TABLE XXVI. Hot day temperatures (°C) for Class I equipment in air-conditioned
compartments.
ALTITUDE TEMPERATURE
(1000 FT) (&)
o 55
10 52
20 40
30 40
40 30
50 20

TABLE XXVII. Hot dav ambient temperature (2C) for Class I1 eauinment in air-conditioned

comnartmentc,
o~ MACH HIGH
ALTITUDE~—_  NUMBER PERFORMANCE
(1000 FT) T~ <0.6 0.8 1.0 200"
—
0 71 7 71 95
10 56 68 68 $3
20 40 55 63 88
30 15 36 56 80
40 5 10 46 70
50 5 io 35 60
60 s 10 24 49
70 5 10 1 35

' Ambient cooled equipment must be tumed off for 15 minutes after 30 minutes of operation at these temperarures
to comply with the Intermittent operation of MIL-E-5400.

4
~J
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MIL-HDBK-781

TABLE XXVIII. Hot day ambient temperatures (°C) for eadioment in ram air-cooled

MACH
NUMBER

(1000 FT) T~ <54 0.6 0.8 >(1.0)
0 - a8 60 75 95
10 27 18 52 71
26 6 i6 29 46
30 -1 -6 7 23
40 -36 -30 16 4
50 .30 .19 7 8
&G - 3i -23 -1i 4
70 -30 .22 -10 5

" Ambient cooled Class II equipment must be turned off for 15 minutes after 30 minutes of operation at this
temperature to comply with the intermittent operation requirement of MIL-E-5400.

MACH
T~ NUMBER
ALTITUDE T~ <04 0.6 0.8 > (1.0)
(1000 FT)
o - 44 -37 -5 -1
10 - 18 10 2 19
20 -36 -28 - 16 -2
30 - 58 - 50 - 40 .27
40 - 59 .51 - 4] - 18
50 - 82 .76 .67 - 55
60 - 82 .75 - 66 - 54
70 - 63 - 58 - 48 - 35
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TABLE XXX. Temperatures (°C) for Class [ and Class Il equipment in air-conditioned

compartments.
WARM COMPARTMENT
N L _ i _ o
\ MACH 0 .6 3 HIGH
ALTITUDE "\ NUMBER 0 0 o PERFORMANCE
(100 \ 59 79 99 >1.0
FEFT) .
EET) «
0 8 12 19 27
2t010 24 29 36 a4
20 6 26 27 35
30 7 1 17 24
40 8 12 17 24
50 6 9 14 21
COOL COMPARTMENT
MACH 0 6 8 HIGH
ALTITUDE “\UMBER © t0 10 PERFORMANCE
(1600 59 7 | 59 > 1.0
FEET) \
0 .26 -19 10 2
21010 -4 3 13 27
20 - 17 - 10 -1 11
30 .12 .26 17 P
40 233 .27 218 -8
50 .38 .32 .24 <14
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TABLE XXXI. Jet aircraft random vibration test.

Aerodynamlc induced vibration
= K(q)*, where q = Dynamic pressure (when q > 1200 Ibs/ft’, use 1200)

Wl W,-3dB

(SEE FIGURE 65 for spectrum shape)

nm ent location

Eau
Lt bt

0.67x 10 Equipment attached to structure adjacent to externai surfaces that are smooth, free from
discontinuities.
034x10* Cockpit equipment and equipment in compartments and on sheives adjacent to externai surfaces
that are smooth, free from discontinuities
03.5x 10° Equipment attached to structure adjacent to or immediately aft of surfaces having discontinuities
(that is, cavities, chins, blade antennas, and so forth)
01.75x 10° Equipment in compartments adjacem to or immediately aft of surfaces having discontinuities (that
1S, Cavities, Chil‘lS, Spwu uranca. and 3o funul;
SPECIAL CASE CONDITIONS
Fighter bomber
Condition Equipment iocation W,
Takeoff Attached 1o or in compartments adjacent to structure directly exposed to 0.7
engine exhaust aft of engine exhaust plane (1 minute)
Cruise {Same as above) 0.175
Takeoff In engine compartment or adjacent to engine forward of engine exhaust
plane {1 minute) 01
Cruise {Same as above) 0.025
Takeoff, landing, Wing and fin tips ¥’ deceleration (speed brake) (1 minute) 0.1
maneuvers
High q Wing and fin tips ¥ 0.02
(>1000 Ibs/ft2)
Cruise Wing and fin tips ¥ 0.01
Takeoff All other locations (1 minute) 0.002
Caran/trancnnm
\.«msul uuu.)yvn .
Condition Equipment location W,
Takeoff Fuselage mounted 0.0i
Takeoff Internal 0.005
Takeoff Wing - aft of engine exhaust 4 0.05
All Wing tip and fin tip ¥ 0.0!
1/

Use wing and fin tip spectrum (see FIGURE 65)
Excludes upper surface blown (USB) and externally blown flap (EFB)

3 -— s i « «n .o : o
- takeoftl. tanding, plus 10 percent o1 Ccruise ume
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MIL-HDBK-781
TADI D VVVWYIIT T __ .. Y __ .1 . 1 .1 .° 1 ] s RS
LADLE AAAVIL. 1CINPETAIUre ICVel [aouiation - NOt gay (exampie).
‘Temperature Levei Duration Weighted
ol {Minites) duration -
Low-low-low
Weighting factor = 0.10 71 145 14.5
High-low-low-high
Weighting factor = 0.40 36 60 240
71 27 10.8
10 70 28.0
Low-low-high
Weighting factor = 0.25 71 75 18.75
23 60 15.0
Ciose suppornt
Weighting factor = 0.20 36 70 i4.0
64 60 12.0
10 75 15.0
Ferry
Weighting factor = 0.05 23 240 12.0
Selected levels and durations are
MIN = 10°C for 43 minutes
MAX = 71°C for 44minutes
INT = 35.8°C for 77 minutes
INT =23(27) + 36(38) + 64(12) 2757 =35.8
27+38+ 12 77

TABLE 38. Temperature summary - hot day (example).

Temperature Level Total Weighted Duration
o)) (Minutes )
10 43.0
23 270
36 38.0
64 12.0
71 44.05
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TABLE XXXIX. Temperaturc level tabulation - cold day (example).

Temperature Level Duration Weighted
(‘cy” (Minutes) duration
Low-iow-iow
Weighting factor = 0.10 -26 145 14.5
High-low-low-high
Weighting factor = 0.40 -26 130 520
-10 27 10.8
Low-jow-high
Weighting factor = 0.25 -26 140 35.0
Close support
Weighting tactor = 0.20 -26 70 14.0
-4 60 12.0
-27 75 15.0
Ferry
Weighting factor = 0.05 -26 240 12.0

¥ Selected levels and durations (see 5.6.2.2)

MAX = (-10)(10.8) + (-4) (12) = -6.8°C for 22.8 minutes
10.8+12

MIN = (:22)0.(15) + (-26) (]27.5) = -26.1°C for 142.5 minutes
18 4 197 &
| 0 EER B A e |
since no levels remain to select INT value
MIN = -26.1°C for 71.25 minutes and

INT =-26.1°C for 71.25 minutes

TABLE XL. Temperatire summarv - cold dav (examnle).

Temperature Level Total Weighted
o) Duration (Minutes)
-27 15.0
-26 127.5
-1U 10.8
-4 12.0
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MIL-HDBK-781

TABLE XLV. Random vibration test for V/STOL aircraft.

Acrospace induced vibration

I Y. PN

(K) Location factor

Equipment location

0.67 X 10-8 Equipment attached to structure adjacent to external surfaces that are smooth, free from
discontinuities
0.34 X 10-8 Cockpit equipment and equipment in compartments and on shelves adjacent to external
surfaces that are smooth, free from discontinuities
35X 10-8 Equipment attached to structure adjacent to or immediately aft of surfaces having
discontinuities (that is, cavities, chins, blade antennas, and so forth)
1.75 X 10-8 Equipment in compartments adjacent to or immediately aft of surfaces having
discontinuities (that is, cavities, chins, speed brakes, and so forth)
SPECIAL CASE CONDITIONS
Condition Equipment location W, (HOR) ¥ | W,(VERT) Y
V/STOL
TYPES
A B
Takeoff ¥ Attached to or in compartments adjacent 0.7 0.051 0.60
to Structure d|rprr|v exposed to engine
xposed to engine
exhaust aft of engine exhaust plane
(1 mlnutc)
Takeoff ¥ In engine compartment or adjacent to 0.1 0.17| 0.04
engine forward 0.1 of engine exhaust
piane (i minute)?
Takeoff All other locations (1 minute) v 0.002 0.021 0.02
¥ Takeoff or landing
Z 0.5 minutes for vertical takeoff/landing mode
¥ Horizontal
4 3 .
= Vertical
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MIL-HDBK-781

TABLE XLVII. Stores host aircraft mission utilization rates for evironmental testing,

Examole utilizati C missi il

Mission &

Percent Utilization Rate

Ground Attack, Training
Ground Attack, Combat
Defensive Maneuvers
Search and Rescue
Functional Check
Training Cvcle

40
20
20
10
5

5
100

¥ Since the first three missions, as a group, total 80 percent of the utilization rate, these three mission profiles
would be selected for combined environmental testing. If any of the other missions are determined to include
extreme or sustained environmental conditions not encountered in the first three missions, then those missions also
should be selected, thereby adding the most diversity to the test cycle. If the first mission selected is utilized twice
as much as the other two missions, then Mission | should be run twice as much per cycle. (See MIL-STD-810,

Table 520.0-1)

161
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TABLE XLVII. Random vibration. g.... (OVL). level adiustment factors for the maximum

predicted environment

951 ile with 50 fidence based side to] imin).

AIR-LAUNCHED &ms (OVL) MINIMUM
MISSILES AND FACTOR FOR DYNAMIC
ASSEMBLED BASELINE PRESSURE (q)
EQUATION EXTERNAL STORES MAXIMUM BELOW WHICH FIGU
i CONDITION PREDICTED Bm(OVL)=13 | NUMBER
(NUMBER) OF CONFIGURATION ENVIRONMENT | (CONSTANT) APPLICABLE

pUr vy
COMBINED

1. MULTIPLE-USE ALL 1.00 250 132
STORE (BASELINE)

2. SINGLE STORE 0.88 284

3. CLUSTER MOUNT 1.28 195
AIR-TO-SURFACE (AGM)

4. MULTIPLE-USE 0.96 260133
ALL STORES

5. SINGLE STORE 0.83 302

6. CLUSTER MOUNT 1.25 201
AIR.TO-AIR (AAM)

7. MULTIPLE-USE 1.07 235 134
ALL STORES

8. SINGLE STORE 0.97 259

9. CLUSTER MOUNT 1.38 182

¥

THE MAXIMUM PREDICTED ENVIRONMENT (AS DETERMINED FROM RANDOM VIBRATION
STATISTICAL ANALYSES) IS DEFINED BY + 6 dB LOG-LOG g, (OVL) VERSUS q LEVEL
EQUAL TO OR GREATER THAN THE 95TH PERCENTILE VALUE AT LEAST 50 PERCENT OF

THE TIME. SEE FIGURE 132 FOR THE BASELINE g,,,VERSUS q FOR ALL STORES.

[exp] = [108,0(q)-(2.28533)]

[8ms (OVL)], = (FACTOR), [gm; (OVL)], BaseLing)
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TABLE L. Preliminary operational design requirements (¢xpected
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life of 5 vears). (Continued)

FLIGHT EVENT

EXTERNAL INTERIOR
COMPARTMENT SURFACE AIR
LOCATION 0) O
RADOME 421 71
PAYLOAD (FWD) 357 132
INDUCED PAYLOAD (AFT) 329 132
THERMAL RECOVERY 366 143
- FUEL TANK 360 164
FMS 393 192
FAIRINGS 382 N/A
FiNS 382 N/A
ACTUATOR N/A 246
COMBUSTOR 449 N/A
FLIGHT EVENT
CAPTIVE FLIGHT VIBRATION (INPUT)
20-150Hz 0.01 2g*/Hz
150-500Hz + 3dB/OCTAVE
500-1500Hz 0.04g’ Mz
1500-2000Hz - 3dB/OCTAVE
OVERALL: 824g_,
VIBRATION DURATION: 1 HOUR PER AXIS
(ALL 3 AXES)
FREE FLIGHT VIBRATION (INPUT)
(FORWARD OF INLETS)
20-500 + 3dB/OCTAVE
500-2000 0.08g’Hz

QVERALL: 118¢

DURATION: 2 MINS. 15 SECONDS

(AFT OF INLETS) )
20-2000Hz 0.43 g'Hz
OVERALL: 29.2 g,

DURATION: 2 MINUTES
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Life cvcle environments.

U.S. NAVY
AN EXAMPLE

SUMMARY CHARTS FOR THE

AN AIEN 3 ST vurne

LOGISTIC LiIFE CYCLE

1. EACTORY/DEPQT REWORK

MENTS
i =H

LIFE OF 5-YEARS
(43800 HOURS)

SUMMARY OF

S aValY

HOLD/DELAY  CAPTIVE
IN-ROUTE MOVEMENT/ AND DUMP AND FREE
STORE TRANSPORT HANDLING HANDLE STORAGEMAINT STORAGE FLIGHT
(5§ YEARS HOURS HOURS HOURS HOURS HOURS HOURS
43800 HRS) (PERCENT) (BERCENT) (PERCENT) (PERCENT) (PERCENT) (PERCENT)
AN EXAMPLE 1667 809 40 6120 35141 22.68
(3.81) (1.85) (.09) (13.97) (80.23) (.05)
2. SHOCK
[] S oFaltollodal
Qroviricyw
EQUIVALENT MAXIMUM STORE
ITEM AMPLITUDE NOMINAL PROBABLE STATUS
NUMBER (3-AXES . with exception} DRURATION NUMBER CONDITION
1. 315G IIms 6 !
2. 30G 11 ms 1 2
3. 25G 11 ms 3 5
4. 35G (LONG) 18 ms 2 1
5. 50G (VERT) 6ms 4 6
6. 15G 2ms 4 6
7. 25G 11 ms | 6
8. 30G 10 ms 4 6
9. | FOOT DROP 3 1
ON CONCRETE
10. 18 INCH DROP 1 2
ON CONCRETE
(EDGEWISE
DROPS)
3. TRANSPORTATION VIRRATION (SINE) -- 1.OG SWEEP RATE (ASSUMED
ESTIMATED
VIBRATION ESTIMATED
ACCELERATION ASSUMED DURATION DURATICN STCRE
ITEM LEVEL FREQUENCY RANGE TOTAL IN-RESOURCE STATUS
NUMBER () (Hz) (HOURS) (MINUTES) CONDITION
1. | 2-5 30 30. 1
2 i 5-i0 23 28 i
3. 2 10-20 212 28 !
4 3 20 - 60 36 33. i
s. S 60 - 500 70 48 |
171
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TABLE LI Life cycle environments (Continued)

U.S.NAVY
AN EXAMPLE
SUMMARY CHARTS FOR THE
LOGISTIC LIFE CYCLE
ENVIRONMENTS
FORA
LIFE OF 5-YEARS
{43800 HOURS)
(CONTINUED)
4. CAPTIVEFLIGHT YIBRATION (RANDOM) -- POWER SPECTRAL DENSITY
NOMINAL AVERAGE LIFETIME
FLIGHT PERCEN SAFETY EFFECTIVE DURATION STORE
ITEM CONDITION MISSIONS FACTOR MAXIMUM EXPECTED STATUS
NUMBER  FORSTORE  EMPLOYED ONg-LEVEL PSD(gHz)  ATMAX.PSD CONDITION
1. MEAN 85.0 1S 0.040 1.4 Hrs s
2. MAX g 1.5 1.5 0.090 1.5 Mins S
3. CLIMB/DESC. 9.0 1.5 0.025 9.1 Mins 5
4. DIVE/PULLOUT 25 1.5 0.021 2.5 Mins 5
5. HIGH BUFFET 1.0 1.5 0.291 1.0 Mins b
6. T.0O./LANDING 1.0 1.5 0.023 1.0 Mins b
7. FREE-FLIGHT 100.0 1.0 0.200 488.0 Secs 6
5. TEMPERATURE - HUMIDITY
NOMINAL PROBABLE
TEMPERATURE RELATIVE OCCURRENCE TIME
DEGF (DEGC) PERCENT HOURS
160 (70.1) 20 20.
140 (60.0) 31 293.
120 (48.9) 40 i720.
100 (37.8) 47 5367.
70 21.1) 49 8163.
32 (0.0) 43 843.
0 (-17.8) 34 229.
-25 {-31.7) 25 38.
-45 (-42.8) 16 4.
- 65 (- 53.9) 3 1.
6.
MAXIMUM STORE
ITEM LEVEL DIRECTION STATUS
NUMBER @ - CONDITION
1. +310 LONGITUDINAL 6
2. -4.0 LONGITUDINAL
3. +12.0 RADIAL 6
4. -12.0 RADIAL 6
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TABLE LI, Life cvcle environments (Continued)
U.S. NAVY
AN EXAMPLE
SUMMARY CHARTS FOR THE
LOGISTIC LIFE CYCLE
ENVIRONMENTS
FORA
LIFE OF 5-YEARS
(43800 HOURS)
{CONTINUED)
MAXIMUM
MAXIMUM PROBABLE STORE
ALTITUDE DURATION STATUS FLIGHT
(FEET) (TIME ) CONDITION EVENT
35000. 17. Hrs 1.2 AIR FREIGHT
>40000. 1. Hrs 5 CAPTIVE FLIGHT
>30000. S Hrs s CAPTIVE FLIGHT
>20000. 9. Hrs 5 CAPTIVE FLIGHT
5000. 33. Sec 6 FREE FLIGHT
DIRECT
EXPOSURE
MAXIMUM DURATION STORE
ALLOWABLE EXPECTED STATUS
EFFECT (DAYS) CONDITION
ALLOWABLE CORROSION 50. 134
LEVEL EQUIVALENT TO
0.007 INCHES OF HOT
ROLLED STEEL DISSIPATED
PER S YEARS LIFE CYCLE.
SAME, EXCEPT 0.001 IN. 5. 2,56
ASSUMED MAXIMUM
MAXIMUM FREQUENCY PROBABLE STORE
LEVEL RANGE DURATION STATUS
I oW Vi o VR B TS IR JE T TN AN I T Ay
110 20 - 20000 33. Hrs |
120 20 - 20000 9. Hrs 2
160 20 - 20000 . Hrs 5
163 20 - 20660 488. Sec o
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TABLE LI. Life cvcle environments (Continued)

U.S. NAVY
AN EXAMPLE
SUMMARY CHARTS FOR THE
LOGISTIC LIFECYCLE
ENVIRONMENTS
FORA
LIFE OF 5-YEARS
{43800 HOURS)
(CONTINUED)
10. RAIN
EXPECTED
ITEM MAXIMUM MAXIMUM STORE
NUMBER LEVEL PROBABLE STATUS
(INHR) DURATION CONDITION
1 2 80, Hrs !
2 2 1. Hrs 2
3 2 3. Min S
4 2 160. Sec 6
i1 oW
EXPECTED
ITEM MAXIMUM MAXIMIUM STORE
NUMBER LEVEL PROBABLE STATUS
{INHR) DURATION CONDITION
1. 10 64. Hrs 1
2 10 1. Hrs 2
3. 10 2. Mm s
4, 10 128. Sec 6
12. SAND AND DUST
MAXIMUM MAXIMUM STORE
ITEM PROBABLE PROBABLE STATUS
A I iV it ot o) . T rY 1o Y B W e ol VoS N ralasN i oY VTaS Y
I 45 MPH WIND. 38. Hrs 1
0.001 TO0.125 INCH
DIAMETER PARTICLE SIZE
2. SAME 1. Hrs 2,56
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TABLE L1. Life cvcle environments (Continued)

EUROPEAN SCENARIO (NOMINAL)
LS NAVY STORES LOGISTIC LIFE CYCLE

(NOMINAL PARAMETERS)
S-YEAR LIFE CYCLE

DURATION AND LEVELS OF EXPOSURE TO ENVIRONMENTS

APPLICABLE TO AN EXAMPLE
ASSUMPSIONS
A)FACTORY 1S ASSUMED B) | RT CONUS-AB/AC-CONUS C) SEE EXPLANATORY NOTES
TO BE IN CENTRAL CONUS 2 RT AB/AC-EURPOE DEPOT-AB/AC AT END OF TABLE
NARONPENT o SALTSPRAY
kven1 [ounaion  [Swoox  [vera{Tore ALTITUDE |HUMDITY |ACCTLERATION [W.OTHOT | FUNGUS |ACOUSTICS [RAIN® |SHOW* [SAND DUST |STATUS]
(MBERS) | TION (a1 AOLLID
«LEVELPTR|« | HZ|eC Weortet |TeMP ) s M WE |inen [wunn PN [N stf |
MsEcs (PROSABLE PROBABLE DISSIPATEO ®th [(Pen |wwo D |NOTES)
nounsy PERCENT YTAn vEAn) {rran)
. I L]
N, TACTORY AHOURS  [(D 1S < 1% @ STALIVIL] o4 - . : . - : : 0
s AODUCTION ums
HANDS MG
2. FACTORTRI- |[4HOURS  [(2) 13 < 1% PR FTIT)) STALLVIL| o4 . : . - T . . 1
WORK HANDLING 1®°ms
“TRANSPOR] [204HOURS |(¢6)SEL  |SET  [Se(v0)-2e ()] @ o . - T [1WBI0TO [2(R |2(12 | SMPHO.SNTO| ¥
roprror noTESA  |MOTE b 3.000° Ml | ewsinONES
AND J [ AMNY 24 |ANY 24
MRS  |HAS
NOM- | MOM-
[C TRANSPORT |S0HOURS  |Z0) BB att- | - [30(W)15(12)|STALEVEL] 84 . . 3
W Mg 10
CONUS HOLDY |SZDAYS . ~ |$0LeN -3 |STALEVEL| 69 N - : - - - . 7
AY ) P
_DEPOTDIAD |e6DAYS - T [$6(50)-36 |STALIVEL{ ¢ - - . - . . 3
L A5
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TABLE LI Life cycle enviropments (Continued)

THDRODPCAN COUNADIN MNORAINIAT
LURU ALY SV LIN/AARIY (ISUVIMIYAL)

US NAVY STORES LOGISTIC LIFE CYCLE

(NOMINAL PARAMETERS)

5-YEAR LIFE CYCLE

DURATION AND LEVELS OF EXPOSURE TO ENVIRONMENTS
APPLICABLE TO AN EXAMPLE

A) FACTORY 1S ASSUMED B) 1 RT CONUS-AB/AC-CONUS C) SEE EXPLANATORY NOTES
TO BE IN CENTRAL CONUS 2 RT AB/AC-EURPOE DEPOT-AB/AC AT END OF TABLE
Fm} 3ALT D RAT
PEHT Tloumanion [Bmoex vEeRa e AUTIUDE (HURITY [ ACCRITRATION (IO RGT  [FUNSUS |ACOUSTICS (MR [ SHOW® [SAND DUST |STATUS
—— o} .[Igﬁ__.,_. — p—— ()] RoLLlLo 1 e
FAEVILPIA | [RE (5C weeFELT TP ) ST & WZ [ (R |MPH (M [(STE
MSCCS (PR oLE PROBABLL WS"“D‘J ({4 4] ({44 WINDG |DIA. IMOTLS)
| Houas; sacnn TAR VEAR) |TIAR)
L
1. 0CPOT INOURS  [()Wetete’] - [28(D) SCALEVIL 7] . )
HANDL MG
e DEPOTTESY [eMOURS (5} i5 qtt-ter ) STALIVEL 7] "o i
fearoLme 3 nsuaAL
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TABLE LI. Life ¢ycle environments (Continued)

EUROPEAN SCENARIO (NOMINAL)
US NAVY STORES LOGISTIC LIFE CYCLE
(NOMINAL PARAMETERS)
5-YEAR LIiFE CYCLE

DURATION AND LEVELS OF EXPOSURE TO ENVIRONMENTS

APPLICABLE TO AN EXAMPLE
ASSHMPSIONS
A) FACTORY IS ASSUMED B) 1 RT CONUS-AB/AC-CONUS C) SEE EXPLANATORY NOTES
TO BE IN CENTRAL CONUS 2 RT AB/AC-EURPOE DEPOT-AB/AC AT END OF TABLE
NY SATIFRATY
cviny | T lgimdnon Tsugox T TeeRilvire TUDE | MUseDiTy  |AGCELERATION 0 07 oY 0 12450 DUST [STATUSE
— i 008 JN M v i
mstcs | | |omosasie | |pmosasuc DIssIPATED/) |rer |wwo [om. [Noree
I HOURS) PERCENT rean TIAR)
L]
2. HANDLING |WHOURS  [(OSTTNOTE| - |30(2)W(L) |SEALEVEL] 8¢ - - - -
T
13.MOLD!  [2¢DAYS — < Ise(zar-Te  ISEALEWEL c: - *un - - e e
DELAYAT ) [ 1] MY e
SCAPORY ANY 241 ANY 24
s |wms
"aL) [man)
4 TRANS- |22HOURS [(00)SEE  |SCC  |$0(4)-20 (1) |SCALEVIL m - - - R T IR T TT°)
PORT AND |nores & aro{moTE, @ v v
ARRIVAL AT ) e aner2e
ogPer wns |Hms
wore- [more-
wAL) [maLy
. YISTAND |T4NOURS  |(%) 15 ¢ 11- B FTYT) STALIWL] %4 : . 0 :
HANDUING AT nMs wsuaL
DEPOT TADENC
jeer
TUNGUS
GROWTH
%.OCPOT  [144HOURS |(OISEL  [SET  [Bo(5)-28(1) |SEALEWL| o9 : . - N
TRANSPORT NOTES A ANDINOTE B4 L]
10 AMBASK 3
(ORCARRER
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TABLE LI. Life ¢cvcle environments (Continued)

DURATION AND LEVELS OF EXPOSURE TO ENVIRONMENTS

EUROPEAN SCENARIO (NOMINAL)
UUS NAVY STORES LOGISTIC LIFE CYCLE

(NOMINAL PARAMETERS)
S-YEAR LIFE CYCLE

APPLICABLE TO AN EXAMPLE
ASSUMPSIONS
A) FACTORY IS ASSUMED B) | RT CONUS-AB/AC-CONUS C) SEE EXPLANATORY NOTES
TO BE IN CENTRAL CONUS 2 RT AB/AC-EURPOE DEPOT-AB/AC AT END OF TABLE
MY SALT SPRAY |
KVENT  [DURATION|SHOCK  [WBRA-|TTMP ALTITUDE [WADITY | ACOTLE OFNOT  [TUNGUS [ACOUSTICS |RABY | SHOW* [SAND TOUST |STATUS
(NUMBEAS) TION (A ROLLED |
i LTVl e [R2|eC " Tweerter frey ] T Tlsma T HZ |wwn [meoen (W v (st
PIRMSICS (PROBABLE] {pROBABLE DISSPATIDA (PR [(PIR  |wwo [Dia. [NOTEO)
|ovns) PIROENT YEAR YEAR) | YEAR)
L]
7. WOLDY 3DATS SO(28)-20 |STALIVEL] ¢ - (2 [W(R | erenesor] o
PRLAT ) a e [ree 100128
AANSPORT ANY2E4ANYZe | NCKES
IPOTTO HAS |MRS
MMRBAST OR MHOPE- | NOM-
CARRER WAL) [#IAL)
Ty eeDaTs Bo(1%5)-1% | SRALLEEL] o3 B(G |M(T | GrPHeeoT] |
Istonast ) - v |rmv 100.05
rumos ey ARTIQANTIE WNORES
NRS MRS
Mot | NOM-
NAL) 1AL )
"ARBASL/ |1ZHOURS [()) B ¢t 302)15(1) |STALEVEL| ¢4 N N . n 1
_______ "M -y r
hiaroLing 00T DROP
oN
|comonere
WEAPOHS |18 MOURS ((12) 15 o 11- J0(3) 15 (2) | SEALLYIL [ 1] 1
T ARTA 1 ms 1
. NSP,
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TABLE LI. Life cycle environments (Continued)

EUROPEAN SCENARIO (NOMINAL)

US NAVY STORES LOGISTIC LIFE CYCLE

(NOMINAL PARAMETERS)
S-YEAR LIFE CYCLE

DURATION AND LEVELS OF EXPOSURE TO ENVIRONMENTS
APPLICABLE TO AN EXAMPLE

A) FACTORY IS ASSUMED B) | RT CONUS-AB/AC-CONUS C) SEE EXPLANATORY NOTES
TO BE IN CENTRAL CONUS 2 RT AB/AC-EURPOE DEPOT-AB/AC AT END OF TABLE
IWM!] N SALTSPRAY |
o DURATION [ SHMOCK | VIBRA- | TEMP ALTITUDE | WA DITY | AGCILEAATION | IL.OFHOT _[TUNGUS |ACOUSTIOS |RAIN" | SHOW- | Sans | 0UST |STATUS]
1 (MUMBERS X TION At MNOLLED
«LIVIL | M2 JoC WOOTELT |TEMP ) s D HZ | [iem [HPR IN [oSEE |
PERMSICS [ (g g [ 4 L DISSWP ATIOA (PER {(PLA  |[wAMD (DiA. [MOTEO)
HOURS) PIRCINT I YLAR YLAR) | YEAR)
1 L)
20 TRANS- TRT.  (SECEVINTS 1 THROUGHIS ANDNOTES L AND M) (SELEYINTS 1 THROVGM ¢ ANDNOTLS L AND M)
PORT ABMOG -
10-00MUS
| AMD ALTURN
FACTORY
Tutat.id
22 TRANS- TRT.  (SCLEVENTS 15 THAOUGH 26 ARD NOTLS L AND M) (SCLEVENTS 15 THROUGM 26 ANDNOTESLANDM)
PORT
HANDLING
HEEPIE RIS
TUROPLAN
DEPOT AND
). WEAPONS [RMNOURS [(5)18¢1 ETOLIOR D 7] [
STORTARLA 5° MS (SEC LV e
Marns wee aai )) -
ICABIC  |14IDAYS $0(R205)- |SLA . XT3 TR (W2 |G rPHo s o
prap 20029 furwn a lewnenee [T Y] 100128
{sronam lor RTP DEANT D¢ L 4
TUNGUS WRS |WRS
SAOWTH nort- {nors-
(MSUAL waL) linar)
Laz2g 1%
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TABLE LI. Life cvcle environments (Continued)

EUROPEAN SCENARIO (NOMINAL)
US NAVY STORES LOGISTIC LIFE CYCLE

(NOMINAL PARAMETERS)
5-YEAR LIFE CYCLE

DURATION AND LEVELS OF EXPOSURE TO ENVIRONMENTS

APPLICABLE TO AN EXAMPLE
ASSUMPSIONS
A)FACTORY IS ASSUMED B) | RT CONUS-AB/AC-CONUS C) SEE EXPLANATORY NOTES
TO BE IN CENTRAL CONUS 2 RT AB/AC-EURPOE DEPOT-AB/AC AT END OF TABLE
T ’f—ﬁ] - SALT SPAAY ]
TvenT JounaTioN | SH00K BRA-[TEHP ALTITUDE [MUMIDITY | AOCTLERATION |RLOF HOT [FUNGUS [ACOUSTIOS |RAIN® | SNOW* | SAND | DUST | STATUS
at ROLLED ‘-
«LT¥CL PER] 4 | M2 [oC WS FLLT [TTHP ) STItL M NI [/HR [IAR [HPR N |(SEX
MSTCS (PROBABLE PROBABLE DISSIPATLDY (PER |(PER |winND |DWA. |NoTze)
! HOURS) PERCINT YEAR YLAR) | YEAR)
<
25. PEAIODIC [4HOURS | (@) SEE - [pe(Me() ﬁidviﬂ [0 B . B - - . - )
|wesreorion, lworesc 0
T5Y AND)
6. TRANSITRA |42 MOURS [(10) 15 ¢ 11 . 30(7) 19 (6) |SEALLYCL) 144 - "o - . . )
10 ORGANIZA- 18° 45 (SEE n tviotnce
TIONAL NOTE J) or
HARTTERANCE FUNGUS
HAMDLING™ SROWTH
7. ASSCMBLY/ 144HOURS |(96) 15 o 11 T {5 [SEALEWL] 17 - . - - )
rOTES S -
AOM
OLIGECE Y)W ) ISTALEVEL]l w4 N B 3
MS$ (SEE "
»oTe )
- | - osivofstaeve] s - - - - - - - s
1 Hs n
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TABLE L1 Life cvcle environments (Continued

A ontinue a)
EURUPEAN SCENARIO (NUMINAL)
US NAVY STORES LOGISTIC LiFE CYCLE
(NOMINAL PARAMETERS)
5-YEAR LIFE CYCLE

DURATION AND LEVELS OF EXPOSURE TO ENVIRONMENTS
APPLICABLE TO AN EXAMPLE
A) FACTORY iS ASSUMED B} | RT CONUS-AB/AC-CONUS C) SEE EXPLANATORY NOTES
TO BE IN CENTRAL CONUS 2 RT AB/AC-EURPOE DEPOT-AB/AC AT END OF TABLE
SALTSFRAY 1
1
woa ~  Joonaiion [swoox T Jeena-lreme T Jaciivee T WOrnoT  [Foneus [acousiios [maie [5How [sano Toust [status
ROLLED .
— PR  — . ot turo e s e "N — S - -
«LIVELPEIR [ [N2 |oC weercer STEIIL » "2 IWHR  [MPR [N [¢ 144
MSECS (PROBABLE DISSIWPATIDA ({44} {PER wiND |DiA NOTL®)
| ) PEROLNT TIAM) (YEAN)
30.LIVE 10DAYS - $0(9)-20(13|SCALEYEL (3] 0.12 R W-(2¢ | ¢GSMPHO.001 2
STORAGE L] MIN(I0 S0 (Y0 10028
(SCENOTIX) 14} »m NONLS
TOTAL)|YOTAL)
31. PERIODIC  [2) HOURS Q0(2)¢(1) |SEALEVL L - NO . . 3.0
|INSPLCTION, 1] NSUAL
TESTFOR MDENC
FLIGHT tor
[READINES S FuNGuUsS
GROWIH
3. APCLOAD % HOURS (6) 19 q 11-18° 30(N1S(1) [SEALEIvIL e - 2
HRANDL NG S (SIT ™
) Lasad 4]
33. PRELOAD JRONOURS [(D) 1S q11- 30(2)15 (D) |SLALEYIL L] . . . . - L]
TEST 18 MS (SLE 1)
HOTLy)
4 FLIGHTLINE [ 1O HOURS  {(4) 18 o 11-9* 3O (VNH (1) |STALEVEL] [7] - . - . . 2
HANDLING ™S (St T
W rn'll)

oc
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TABLE LI Life cycle environments (Continued)

EUROPEAN SCENARIO (NOMINAL)
US NAVY STORES LOGISTIC LIFE CYCLF
(NOMINAL PARAMETERS)

S-YEAR LIFECYCLE

DURATION AND LEVELS OF EXPOSURE TO ENVIRONMENTS
APPLICABLE TO AN EXAMPLE

B) 1 RT CONUS-AB/AC-CONUS

C) SEE EXPLANATORY NOTES

TO BE IN CENTRAL CONUS 2 RT AB/AC-EURPOE DEPOT-AB/AC AT END OF TABLE
THAMONMENT qumm
CvENT DURATION | SHOCK R [TOIP ALTITUDE [WUMIONTT  |AGCELIRATION .0 HOT  [TUNGUS |AGOUSTIOS [AANN [SHOW* | SAND |DUST | STATUS
A
«LEVELPER |¢ |2 |°C Wweeriit |1iMw.) STin I WZ [WIPWR (R [MPR (I [(SEL
MSLCS (PROBABLE PROSABLE DISSIPATED? ven [pen  |wmio [pia. |HoTEW)
MOURS) PEROENT rean YEAR) |TEAR)
3. TLMT  [TDAYS Be(7) 290V |SLALLVEL o T e e i0 (E(1 Wi | ebreReen| &
LINE STORAGE | (ST NOTE . 5,000 e [r t00.028
% aviqaNTEa | moWES
HRS (MRS
MO MO
maL) (weaL)
30 MRCAAMT [BHOURS [(D)a11-18°| - [es(De() |SEALTWL " - 2
UPLoAS (szzaotr (s ¢e
ATy PR Ty = - <
POSTLOAD “
et —
4. ANCRATT |24 HOURS e |STALIVaL " TCz [W(R | eMrneen] 2
RLADTALERT |(SEEHOTE ¢ M |y 100.128
K) anvadanvae | menes
s lums
nort- |wor-
wai) Ima)
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EUROPEAN SCENARIO (NOMINAL)
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(NOMINAL PARAMETERS)
S-YEAR LIFE CYCLE

TABLE LI1. Life cycle environments (Continued)

DURATION AND LEVELS OF EXPOSURE TO ENVIRONMENTS

APPLICABLE TO AN EXAMPLE
A) FACTORY IS ASSUMED 8) | RT CONUS-AB/ACLCONUS C PLANATOR
TO BE IN CENTRAL CONUS 2 RT AB/AC-EURPOE DEPOT-AB/AC AT END OF TABL
JENVIRONMENT Tsau SPAAY
frvenT [ovRation [swoox T ALTITUDE [NUMIDITY | AGOELERATION| I, OF HOT ACOUSTICS DUST |STATUS]
(NUMBERS) leay nouLED |
«LEVEL PER °c e FLLT [T,y STCIL r3 [ N G
MSICS (PROBABLE PROSADLE DISSPATID! o Inota)
[ouns) PEnCENT vian
————— ‘
[eo_ CAPTWE 2290 STINOTLL SELNOTLG |SELHOTL . - Wh®2070 ’
rLgHT HOURS . 000 )
AMNY
1 AMCRATT |11TRALS  |(T— 8¢t~ PO (D-38() [STALIVEL co ]
LANDINGS e us »n
AFTER AN
RIALL
42, AIRCRAFT |SWOURS  1(3) SEE NOTE (Do) |STALEWEL 7 3
DO OAD SEX(NOTE I8 (1] N/
o) ANy
NOM-
3. LAUNCH 4TS (€)BO g4 MS CATERION 1900 48 (5 DIGT [31.0,-¢0 %048 (+4-3 - 3
KAWEALGL  |(ws SURFact - jar o owerry- a)rer0
FRITLIGHT  [STCONDS) $5104000C ALTITUDE)  OMNALY o120, 15,000
e PLR (APPROX) 2.0 (RADIAL)
hALRIGID,
v
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TABLE LI. Life cycle environments (Continued)

EUROPEAN SCENARIO (NOMINAL)
US NAVY STORES LOGISTIC LIFE CYCLE
(NOMINAL PARAMETERS)

S-YEAR LIFE CYCLE

DURATION AND LEVELS OF EXPOSURE TO ENVIRONMENTS
APPLICABLE TO AN EXAMPLE

ASSUMPSIONS
A) FACTORY IS ASSUMED B) | RT CONUS-AB/AC-CONUS C) SEE EXPLANATORY NOTES
TO BE IN CENTRAL CONUS 2RT AB/AC-EURP%DEPOT-AB/AC AT END OF TABLE
S dl ounaton | seoox r—~varrJ At TTVBE | I uDITY uﬂ\u‘—m{mv a7 M’—.T*wm SAND OUSTSTATUS
s o o |Prosnau 33w PR |Pth  jweo (s |wOTEe)
os. PREL  esese [0 deemmsisit :',‘_""_l'., o0 jourcar J'.'!i._"". : CoReace ﬁ'.'..e_g .
hova (aart |os e e | S oy ets.- o |
[ ) v.oman)
heravyror (men
e e
ETN; “aee 3 ST |ARTO® OO O 0 O g —Iweaco |- : g v
uent toras | steenos HOTE ¥ | (500 -9 aItUDE)  {nomerty- et
joumanct  {(we.) Towe oLy o4 8. 000
(arPaon ® o RADIAL)
jrerrora
LT T9R)
a0 o I W i I FT T 2 SlEseT T T T
fvoras (Po1 {- ¥ 3} '-“""'0-:‘;.— = ‘Im:l ::"
rosas rusn haronen n.omanens)
G
(v G [oeke g U (MMTO® | 908 |O(FOAT [ewe-1d . < (me@cer | - g 3 0
hora e |stoeros woTtn st fnonerry Py
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TABLE L1. Life cycle environments (Continued)
AN EXAMPLE
NOTES TO ACCOMPANY
U.S. NAVY STORES LOGISTIC CYCLE
DURATION AND LEVELS OF EXPOSURE
TO ENVIRONMENTS

L ol e R Ve ol amen

FOR A LIiFE OF 5-YEARS (43800 HOUKRS)

GENERAL -- NEGLIGIBLE RESPONSE CONDITIONS ARE INDICATED BY A DASH. STORE STATUS
DEFINITION SHOWN IN ACCOMPANYING CHART TO NOTES (STORES LOGISTICS
STATUS CONDITION. NOTE 0)

- AB/AC ISAIRBASE OR AJRCRAFT CARRIER
* - ASSUMED ENVIRONMENTAL LEVEL
** - RE-ENTRY POINT IN LOGISTIC CYCLE FOR REUSABLE STORE (EVENT 26)
*** - ASSUME EACH TAKEOFF ISA CATAPULT, EACH LANDING AN ARRESTMENT

A -25g FOR 11 TO 18 MILLISECONDS (LONGITUDINAL)

ol avale ol o€ WL R VY

I FOOT DROP TO CONCRETE ( (LUKNI;K UKUl’b)

FACCIILAL LM AVILALILA NT 1 m(‘l IDDC\!I“E Dreon K E\IC\ITOI £ VD ADON
\NAOIUVIVIL IVIAALIVIUIVI UT VUNNLINVOD TENVY YEINIO/ 0 TLEARND)

3.5g FOR 25 TO 50 MILLISECONDS (VERTICAL AND LATERAL)
(ASSUMED 4 OCCURRENCES PER EVENT/S YEARS)

B - ig FROM 1Hz TO 10Hz
2g FROM 10Hz TO 20Hz
3g FROM 20Hz TO 60Hz

NALL FALE_ A £NANAT Y

5g FROM 60Hz TO 500Hz

C-25g FOR 11 TO 18 MILLISECONDS (EACH AXIS)
| FOOT DROP TO CONCRETE (CORNER DROPS)
(ASSUME MAXIMUM OF 1 OCCURRENCE PER 6 EVENTS / 5 YEARS)

D - ASSUMED NOMINAL LIFE LOADING/UNLOADING EACH TWO FLIGHTS
(2 HOURS LOADING AND i.5 HOURS UNLOADING) AND NUMBER OF FLIGHTS
(AVERAGE 1.50 HOURS/FLIGHT)

APPROXIMATE NOMINAL TOTAL
MISSILE NAME NO. LOADS/UNLOADS FLT. HOURS LD/UNLD HOURS
AN EXAMPLE 1 22.50 23

E - THE APPLICABLE MISSILE BUFFET/SHOCK LEVELS (COMBAT MISSIONS) ARE 2 g,
(LONGITUDINAL). 4.5 g, (VERTICAL AND LATERAL) 10Hz TO 60 Hz (ASSUMED)
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TABLE LI. Life cycle environments (Continued)

AN EXAMPLE

NOTES TO ACCOMPANY
U.S. NAVY STORES LOGISTIC CYCLE
DURATION AND LEVELS OF EXPOSURE
TO ENVIRONMENTS
FOR A LIFE OF S-YEARS (43800 HOURS)

(CONTINUED).

F - SEE APPLICABLE MISSION PROFILE(S) FOR CAPTIVE CARRIAGE FOR
A-6 P-3

QF-4 DC-i130

A

NOMINAL CAPTIVE FLIGHT VIBRATION LEVELS (ASSUMED)

(FOR SPECIFIC STORE FLIGHT HOURS, SEE INDIVIDUAL STORE DURATION AND LEVELS OF
EXPOSURE TO ENVIRONMENTS.)

0.096 g'/Hz, 20 TO 250 Hz
0.016 g’/Hz, 250 TO 1500 Hz

0.048 g'/Hz, 1500 TO 2000 Hz (INTERMITTENT MAXIMUM)
BUFFET LEVELS (ASSUMED AT | PERCENT OF FLIGHT TIME)

10 Hz - 30Hz
0.1 g*/Hz

30 HZ - 200 Hz
- 6 dB/OCTAVE

5%
v
[y RN

I - ASSUME 12 HOURS EACH FOR STORE ASSEMBLY/DISASSEMBLY AND MAINTENANCE.

MAINTENANCE. INSPECT, TEST,
NOMINAL ANNUAL AND ASSEMBLY/DISASSEMBLY

MISSILE NAME E&EQHEMCLASSMMED {HOURS)
AN EXAMPLE 584

180
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TABLE LI Life cvele environments (C ntinued)

AN EXAMPLE
NOTES TO ACCOMPANY
U.S. NAVY STORES LOGISTIC CYCLE
DURATION AND LEVELS OF EXPOSURE

'rn ENVIDONMEPENTC

EIN VAINUINIVILINI O

FOR A LIFE OF S-YEARS (43800 HOURS)
(CONTINUED).

>
w
%
m
3

DAY FLIGHT LINE STORAGE PER 4 FLIGHTS, READY/ALERT 4 HOURS PER FLIGHT, AND LIVE
STORAGE A ONE DAY PER LOAD/UNLOAD. AS FOLLOWS

LIVE FLIGHT LINE READY
MISSILE NAME STORAGE STORAGE ALERT
(DAYS) (DAYS) (HOURS)

AN EXAMPLE 10 7 120

L - ASSUMING DELIVERY. EMPLOYMENT, AND REPAIR/REWORK LIiFE FREQUENCY. THEN THE
REMAINING PORTION OF LIFE SPENT IN DEAD STORAGE.

TOTAL TOTAL
RECYCLE CONUS RECYCLE TO DURATION LIFE DEAD
MISSILE NAME FACTORY/DEPOT EUR. DEPOT IN ACTIVE STORAGE
IN DAYS IN DAYS STATUS IN DAYS
(PERCENT) (PERCENT) INDAYS (PERCENT)

(PERCENT)
AN EXAMPLE 265 145 52 1363
(14.52) (7.9%) (2.85) (74.68)

M - SEE INDIVIDUAL STORE LISTING FOR QUANTITIES.

N - VIBRATION (RANDOM) ACCELFRATION SPECTRAL DENSITY LEVELS FOR ALl STORES IN FREE FLIGHT
(ASSUMED)

MINAL
RANDOM VIBRATION (g’/Hz) EREQUENCY
LAUNCH EREE FLIGHT Hz
0.024 0.01 0.006 20-250
0.135 0.08 0.025 250-1500
0.012 0.02 0.003 1500-2000
APPROXIMATE MAXIMUM FREE-FLIGHT EVENT TIMES (IN SECONDS)
s smemsvEE e mr A w 2e~ O~A S aatee 2T s TREn. o IouT YOI/
AN EXAMPLE 9.10 165.00 FREE-FLIGHT
FUSING ASSUMED
AT 5.20 SEC
FROM IMPACT
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TABLE LI1. Life cycle environments. (Continued)
AN EXAMPLE
NOTES TO ACCOMPANY
U.S. NAVY STORES LOGISTIC CYCL

| o
1 9
DURATION AND LEVELS OF EXPOSURE

TO ENVIRONMENTS
FORA LIFE OF 5-YEARS (43800 HOURS)
(CONTINUED)
STORES LOGISTICS STATUS CONDITION
0-
EVENT STATUS EVENT STATUS
NUMBER CONDITION® NUMBER CONDITION®
1 1 25 3
2 I 26
2 ! 27 2
4 ! 28 2
5 I 29 s
6 1 30 2
7 3 31 3.4
8 6 EY) 2
9 | 33 4
10 1 34 2
i i 35 2
12 ! 36 2
13 I 37 5
14 1 38 2
15 ) 39 2
i i 40 5
17 1 4 2
18 1 42 2
19 i 43 6
20 | a4 6
2! 13,6 4s 6
22 1 46 6
23 ! 47 6
24 I 48 .
*  STATUS CONDITION
1. INOPERATIVE IN CONTAINER
2. INOPERATIVE OUT OF CONTAINER
3. VISUAL. DESICANT, HUMIDITY (INOPERATIVE IN CONTAINER)
4. INOPERATIVE - CONTINUITY/BIT (INJOUT CONTAINER)
S. PARTIALLY OPERATIVE
6. FULLY OPERATIVE

188
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TABLE LII. Assumed typical attack mission profiles,

HIGH-LOW-HIGH MISSION (2 HOURS, 10 MINUTES)
EVENT q TRCC) | TREC)
EVENT{ TIME MACH | (STAN- | TR(°C) (HOT | (COLD
NUM- | (MIN. |ALTITUDE | NUM. DARD | (STD DAY) DAY)
BER | UTES) | (FEET) BER DAY) | DAY) | 10%DAY |10% DAY REMARKS
0 -5 0.0 0.0 0 i5 45 -54 GROUND RUNUP/TAXI
1 15 1,000 0.673 646 36 68 -35 TAKEOFF/CLIMB/RUN-OUT
2 25 30.000 0.582 149 -31 1 -3 CLIMB/CRUISE
3 15 8.000 0.672 496 21 48 -13 DESCEND/ON-STATION
4 2 3,000 0.832 918 44 77 -23 DIVE/ATTACK
5 4 8,000 0.752 622 27 55 -8 CLIMB/LOITER
6 2 3,000 0.832 918 44 77 -23 DIVE/ATTACK
7 2 8.000 0.752 622 27 ss -8 CLIMB/RECONNOITER
8 2 3.000 0.832 918 44 7 23 DIVE/ATTACK
9 7 5,000 0.668 549 27 57 .23 CLIMB/DEPART STATION
10 23 47,000 0.51% 7% -42 -14 -55 CLIMB/CRUISE {BACK)
11 23 4,000 0.584 436 24 55 -33 DESCEND/CRUISE/LANDING
12 10 0.0 0.0 0 15 45 -54 TAXVPARK
HIGH-MEDIUM-LOW MISSION (2 HOURS, 10 MINUTES)
EVENT q TRCC) | TRCC)
EVENT] TIME JALTITUDE | MACH | (STAN-| TR{°®CY) (HOT | {(COLD
NUM. | (MIN. (FEET) NUM- | DARD | (STD! DAY) DAY)
BER | UTES) BER DAY) | DAY)| 10% DAY |10% DAY REMARKS
0 -i3 0.0 0.0 0 i5 43 -54 GROUND RUNUP/TAXi
! ? 5.000 045 249 16 43 -13 TAKEQOFF/CLIMB QW
27 s -50 CRUISE
2 18 30,000 0.65 186 30 58 -8 CLIMB/ON-STATION
3 4 10,000 0.85 736 4 21 28 DESCEND/HIGH ATTACK
4 6 20,000 0.80 436 36 64 3 CLIMB/LOITER
s 2 10,000 0.92 62 -3 13 -34 DESCEND/HIGH ATTACK
6 8 20,000 0.70 334 -16 42 21 CLIMB/LOITER
7 16 10,000 0.65 430 38 n -33 DESCEND/HIGH ATTACK
8 13 1,000 0.70 700 26 56 -30 DESCEND/ON-STATION
9 3 5.000 0.65 520 58 93 -i9 CLIMB/INITIAL RUN-IN
10 2 500 093 11263 43 76 -26 DIVE/ATTACK
n 4 2.000 0.80 881 51 85 -25 CLIMB/RECONNOITER
12 2 500 0.85 | 1,085 26 58 -40 DIVE/ATTACK
13 6 2,000 0.55 417 47 81 -26 CLIMB/RECONNOITER
14 3 1.000 0.82 950 15 42 21 DIVE/ATTACK
15 19 10,000 0.65 4130 24 55 -39 CLIMB/CRUISE (BACK)
16 7 3.000 0.55 401 15 45 -54 DESCEND/CRUISE/LANDING
17 10 0.0 0.0 0 TAXI/PARK

I OR MAXIMUM AS AVAILABLE (NOT LESS THAN 71°C)
To- RECOVERY TEMPERATURE
Ty R} = Too CR) [1 + 0.178 (MACH No.}"]

e
NO
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TABLE LIII. A method for calculating test profile times for a specific number of test cvcles.

g

H

[ &

(Continued)

A MINIMUM OF FOUR TEST ITEMS AT 325 HOURS OF TESTING PER TEST ITEM (THAT IS, NOT
LESS THAN 1300 HOURS OF TOTAL TESTING IS RECOMMENDED).

THE TEST CYCLE/TIME FACTOR IS DETERMINED BY DIVIDING THE TOTAL TIME ALLOCATED
PER TEST ITEM BY THE TOTAL TIME PER TEST CYCLE (> 325/16.017 = 20.291. OR 2.03 TIME
ADJUSTMENT FACTOR FOR EACH TEST EVENT FOR 10 CYCLES).

USE TO EXPAND THE PROFILE TIME SCALE OF FIGURES 143 THROUGH 148 AND THE
CORRESPONDING TABLES (THAT IS. 2.03 TIMES EACH MANEUVER DURATION FOR TESTING

IN EXAMPLE PROFILES).

ONE SIMULATED LAUNCH PER TEST ITEM (ASSUMED 325 HOURS CAPTIVE FLIGHT / LAUNCH)

191

LT Tm e T e Sy e e
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TABLE LV. Assumed free-flight mission profile for example store (low-low), vibration

(Continued)

GENERAL FREE-FLIGHT NOTE

Based on the approximate relationship of a constant boundary layer pressure ratio with flight dynamic pressures and
acroa’ynamicaiiy-induccd random vibraiion {Reference 23, pages 21 and 58) and ine reiationship of Wo i((q)2 (the
spectrum lcmuuu:lup between squupmclu locations and surface d:scondnumes; wnc ﬁ'cc-ulsm (grms) acceleration,

(hence, the level relationship for the PSD versus frequency) is assumed to vary in direct proportion to the jet aircraft
smooth surfaces flow and discontinuity surfaces flow coefficients.

K(smooth) K (free-flight)
K (discontinuity) K (captive flight)
or, {Wo)
free = K (smooth) (W.) Captive = (0.1914) (W]
flight K (discontinuity) high speed
captive PSD
where
q(M =0.45)<q<q(v =2.0)
and

W, = W,-3dB

These limits are based on Reference 23, pages 21 through 25 and the initial assumptions of the
L _ _ N . 7 . P - - P . -
M < 0.45 and q < 250 lbs/ft” the minimum level ot W, tor testing. then,

fa WAl =/n 101N [0 7a W\
Bems (G Wo)i ={0.1914)" [Boms (G Wo))
free high speed
flight captive data
or,
[8rms (3, Wo)] = (0.4375) [grm, (q. W))
free high speed
Aiskhe rantiva data
lllsll‘ wpuvv BV
where,

the g, relationship is shown in FIGURES 132 through 134
q(MIN) < q < 5930 lbs/ft’

gMIN is listed in TABLE XL VIII for FIGURES 32 thru 134
MACH (MAX)=20

— 191 L OOD /anmnem [€mne WAarh — 1 N at can laval)
V‘m = 1110. 071L’>CLUIIU (iUl ivialn L.V aiktdtaiivel)
a(MAX = 5930 Ibsy/ft’ (for Mach = 2.0 at sea level)

194
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FIGURE 1. Duane Plot
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FIGURE 8. Probability ratio sequential test (example).



Downloaded from http://www.everyspec.com

MIL-HDBK-781

Decision Risks (Nominai) 10 Percent
Discrimination Ratio(d) 1.5:1
50
40 )'_—/
“ REIECT / /
Z 3 CONTINUE L/ -
w / tm/
v
g 20 // /
A
2 yd o Acaer
10 I/, y ixpeciedjdecision peiqt
/ / - ,.
4 ‘/
2z
e 10 20 0 ¥ S0 60

Chargeabie | Siandardized iermination iime, & Chargeable Standardized termination time, &
fatlures Reject at 1g< Accept at t,> failures _Reject at (< Accept at t,>
0 N/A 6.95 21 18.50 3249
i N'A 8.17 22 i5.80 33.70
2 N/A 9.38 23 21.02 3492
3 N/A 10.60 24 2223 36.13
4 N/A 11.80 25 2345 37.35
5 N/A 13.03 26 2466 18.57
6 0.34 14.25 27 25.88 39.78
7 1.56 15.46 28 27.07 41.00
8 2.78 16.69 29 28.31 42.22
9 3.9g 17.90 30 29.53 43.43
10 5.20 o 3l 30,74 44 65
11 6.42 20.33 32 3196 45.86
12 7.64 21.54 33 33.18 47.08
13 8.86 22.76 34 34.39 48.30
14 10.07 2398 3s 35.61 49.50
15 11.29 2519 36 36.82 49.50
16 12.50 2641 37 38.04 49.50
17 13.72 27.62 38 39.26 49.50
18 14.94 28.64 39 4047 49.50
19 16.15 30.06 40 41.6g 49.50
20 17.37 127 41 49.50 N/A

Accept-reject critena
1" Total test time is the summation of operating time of all units included in test sample.
~ To determine the actual termination time, multiply the standardized termination time (1) by the lower test
MTBF(b6,)
DL O Tace Diae 1 T
RE Y. 168t ridi-1J.
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FIGURE 9. Test Plan I-D (Continued)
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Decision Ritks (Naminal) 20 Percent

D‘xnmmtmm(d) 1.5:1

N\
N\

TOTAL TEST TIME (IN MULTIPLES OF LOWER TEST MTBF, 8,)Y

Chargeable | Siandardized icrmmination time, & Chargeable | Standardized termination time, ¢
failures Reject at ta< Accept at t,> failures Reject at to< Accept at t,>
0 N/A 4.19 10 8.76 16.35
i N/A 5.40 il $.58 17.57
2 N/A 662 12 1119 1273
3 .24 7.83 13 12.41 19.99
4 1.46 9.05 14 13.62 21.21
s 2,67 10.26 15 14.84 21.90
6 3.5 ii.49 io 16.05 21.50
7 5.12 12,71 17 17.28 21.90
8 6.33 13.92 18 18.50 21.90
9 7.55 15.14 19 21.90 N/A
Accept-reject criteria
! Total test time is the summation of operating time of all units included in test sample.
¥ To determine the actual termination time~ multiply the standardized termination ume (1) by the lower test MTBF
(8,

FIGURE 10. Test Plan 11-D.
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20
13 /
d -
REECT CONTINUE
TEST y /
q v L Z
3 A //
g / A
/ _ / ACCEPT
/ g /
[3 . yd
)y | e
/ /
4/
[] <
H » 1 2 ]
TOTAL TEST TIME (1N MULTIPLES OF LOWER TEST MTBF, #,) V
TOTAL TEST TIME (IN MULTIPLES OF LOWER TEST MTRF, 8,V
Chargeable | Standardized termination time, ¥ Chargeable Standardized termination time, ¥
failures Reject at (< Accept at t,> failures Reject at ty< Accept at 1,>
0 N/A 4.40 9 9.02 16 8%
) N/A 579 10 10.40 18.26
2 N/A 7.18 i1 11.79 19.65
3 .70 8.56 12 13.18 20.60
4 2.08 5.94 i3 14.56 20.60
5 148 1134 14 1594 20.60
6 4.86 12.72 15 17.34 20.60
7 6.24 14.10 16 20.60 N/A
8 7.63 15.49

Accept-Reject critena

¥ Total test time is the summation ot operating time of all units included in test sample.
¥ To determine the actual termination time, multiply the standardized termination time (t) by the lower test MTBF ( 8,)
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Decision Risks (Nominal) 20 Percent
Discrimination Ratio (d) 2.0:)

7 /]
yd
— REIECT coxnue
/ 1EP0

CHARGEABLE FARLURES
\N
\

.
\

. L Expecied dacsion seim
- )’ ki 4
] /

4 [ L 10

TOTAL TEST TIME (IN MULTIPLES OF LOWER TEST MTBF, 6,)"

Chargeabie Standardized termination time, &
failures Reject at < Acceptatt,>
0 N/A 2.80
1 N/A 4.18
2 70 5.58
3 2.08 6.96
4 3.46 8.34
5 4.86 9.74
6 6.24 9.74
7 7.62 9.74
8 9.74 N/A

Accept-reject criteria

! Total test time is the summation of operating time of all units included in test sample
* To determine the actual termination time, multiply the standardized termination time (1) by the lower test MTBF

( 6)

FIGURE 12. Jest Plan1V-D.
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Decision Risks (Nominai) 10 Percent
Discrimination Ratio{d)  3.0:1
7
3 L
s ,Z

RESECT yd CONTINUE

e yd TEST

CHARGEABLE FAILURES
»

Expectes dechsion gaint
! / for MTBF = @,

Yy
3 (4 ] 12

TOTAL TEST TIME (IN MULTIPLES OF LOWER TEST MTBF, §4)V

g
\

TOTAL TEST TIME (IN MULTIPLES OF LOWER TEST MTBF 8,7

Chargeable Standardized termination time, o
faiiures Reject at (< Accept at t,>

0 N/A 375

1 N/A 5.40

2 .57 7.05

3 2.22 8.70

4 3.87 10.35

5 5.52 10.35

6 717 i0.35

7 10.35 N/A

ect criteria

Accent-re}
r J

4 Total test time is the summation of operating time of all units included in test sample.
% To determine the actual termination time. multiply the standardized termination time (t) by the lower test MTBF

(9

FIGURE 13. Test Plan V-D
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Decision Risks (Nominal) 20 Percent
Discrimination Ratio (d) 3.0: 1
3
REJECT
3 y A _
. |
- |
3
=
S CONTINUE
TEST
<
(]

[
R i ax b v 3.7 439 3.3
TOTAL TEST TIiME (iN MULTIPLES OF LOWER TEST MTBF, 8/
Chargeable Standardized termination time, 1
failures Reject at ts< Accept at t,>
0 N/A 2.67
1 N/A 432
2 36 4.50
- A PN A1/ A
3 4.0V N/A

Accept-reject criteria

1 Total test time is the summation of operating time of all units included in test sample.
¥ To determine the actual termination time, multiply the standardized termination time (t) by the lower test
MTBF ( 8))

FIGURE 14. Test Plan VI-D.
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FIGURE 14. Test Plan VI-D (Continued)
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Decision Risks (Nominal) 30 Percent
Discrimination Ratio(d) 1.5:1
[}
Lz

\

REJECT

‘ i
/ CONTINUE
/ TEST

CHARGEABUE FANURES
N

yd :-r'-nr.g,' poim

A y ACCEPT

-
-

Ty
[
~

Chargeable Standardized termination time, t¢
failures Reject at tg< Accept att,>

0 N/A 3.15

| N/A 437

2 N/A 5.58

3 1.22 6.80

4 2.43 6.80

5 3.65 6.80

6 6.80 N/A

Accept-reject criteria

' Total test time 1s the summation of operating tinie of all units included In test sample.
* To determine the actuai termination time, muitiply the standardized termination time (1) by the lower test MTBF
( 6,)
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Decision Risks (Nominal) 30 Percent
Discrimination Ratio (€} 2.0 1

REIECT

CONTINUE
TEST

CHARGEABLE FAILURES
&
R
A

xpacted decision point
forMTS? = §,

: /

19 29 30 48 5.0

TOTAL TEST TIME (IN MULTIPLES OF LOWER TEST MTBF, 8,¥

Chargeable Standardized termination time, £ |
failures Reject at tz< Accept att,>
0 N/A 1.72
! N/A 3.10
2 N/A 4.50
3 4.50 N/A

Accept-reject criteria
Y Total test time is the summation of operating time of all units included in test sample.

¥ To determine the actual termination time, multiply the standardized termination time (t) by the lower test MTBF
( 6).

FIGURE 16. Test Plan VIII-D.
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FIGURE 16. Test Plan VIII-D (Continued)
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10% CONSUMER'S RISK (5) TEST PLANS
samremes fusfsm .\ J [ §
tor \Xivi)
2 1\
\
Te] U
I
I EXAMPLE
il TEST PLAN
8 Il 10-6
'a ACCEPT AT
v N TEST TIME
i' 3. 2 7
. A
6 LY i
\‘ ‘\ l
N [ IRY !
NI\ ' UPPER
4 A 1 TV
AU~ w1 MTEF (80)
IR | FOR
35%55523"5 h ‘I~ PRODUCER'S
h &S
G e I £ 0 P O I I (5
! IBIRSIRES H-I3I- T3 = 20%a
h%EReTEST 2 3 4 e 2 HVITTTITR I T3 =N 30004
| 1
_ ,:‘q‘s 8l 9 10 I 12 1314 FS 1617 18] 19
. oy
0 4 8 12 16 20 24 28
TOTAL TEST TIME (IN MULTIPLES OF LOWER TEST MTBF. 6,)
TEST PLAN  NUMBER OF FAILURES TOTAL TEST TIME (T) ACCEPTABLE DISCRIMINATION RATIO, (8,48, FOR
NUMBERS (MULTIPLES OF (MULTIPLES OF PRODUCER'S RISK
ACCEPTED REIECTED a;) 6,) a=30% a =20% a=10%
10-1 0 T 230 230+ 6.46 10.32 21.85
10-2 i 2 339 1,04+ 3184 47 732
10-3 2 3 5§32 1.77 + 2.78 347 483
10-4 3 4 6.68 1.67+ 242 2.91 3.83
10-§ 4 s 7.99 1.59+ 2.20 2.59 3.29
10-6 s [ 927 155+ 1.9 2.22 2.70
10-7 6 7 10.53 1.50+ 1.9§ 2.22 2.70
10-8 7 8 11.717 147+ 1.86 2.11 2.583
10-9 8 9 1299 143+ 1.80 2.02 2.39
10-10 9 10 14.21 1.42+ 1.78 1.95 228
10-11 10 1 1541 1 40+ 1.70 l.§9 gl?
10-12 1§ 12 16.60 1.38+ 1.66 1.84 2.12
10-13 12 13 1778 1.37+ 1.63 1.79 2.00
10-14 13 14 18.96 1.3%+ 1.60 1.78 2.00
10-15 14 15 20.13 134+ 1.56 1.72 1.95
10-16 15 16 21.29 133+ i.56 i.69 191
10-17 16 17 2245 132+ 1.54 1.67 187
10-18 17 18 23.61 131+ 1.52 1.62 1.84
10-19 18 19 2478 130+ 150 } 62 } 78
10-20 19 20 2590 i 25+ FAR 1 60 178

FIGURE 18. 10 Percent Consumer's Risk (8) Test Plans.
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MTBF (X(8)))
I5S- {
io [
b EXAMPLE:
TYCCY DI AN
F. LR == l.' ~iy
8 : ACCEPT AT
TEST TIME
\ 1.9l
- \ Y
° K i
V |
. N i UPPER
A
ACCEPTABLE . .
OBSERVED K \] . [ y PROOUCER'S
LOWER TEST BRI DERREE:: SHGYT 3 2= 2% o
MTBF &, IR R ForT e ;—';—aa\ 0% a
0 a 8 12 i6 20 24

TESTPLAN  NUMBEROFFAILURES TOTALTESTTIME(T;  ACCEPTABLE DISCRIMINATION RATIC, (8,6, FCR
NUMBER (MULTIPLES OF (MULTIPLES OF PRODUCER'S RISK

ACCEPTED REJECTED G 0,) a=30% a =20% a=10%
20-1 0 1 1.61 1.61 + 451 7.22 15.26
20-2 | 2 2.99 1.50+ 273 3.63 5.63
20-3 2 3 428 1.43 + 224 2.79 388
204 3 4 5.5 1,38 + 199 2.40 116
20-5 4 S 6.72 1.34+ 1.85 217 276
20-6 S 6 791 132+ 1.75 2.03 2.51
20-7 6 7 5.08 i.30+ i.68 i.52 233
20-8 7 8 10.23 1.28 + 1.62 .83 220
20-9 8 9 11.38 1.26 + 1.57 177 200
20-10 9 10 12.52 1.25+ 1.54 1.72 201
20-11 10 11 13.65 1.24 + 1.51 1.67 1.94
20-12 11 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 + 134 1.58 1.80
20-18 14 13 1212 121+ 142 1.5 1.2
20-16 18 16 19.23 1.20 + 1.40 1.53 1.73
20-17 16 17 20.34 1.19 + 1.39 1.51 1.70
20-18 i7 i§ 2i 44 i.i9+ i.38 i.49 i67
20,10 1R 19 RRALY] IR 4 117 1 4R 1 6e
20-20 19 20 23.63 1.18+ 135 1.46 163

P

rJ
‘wd
~J
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30% CONSUMER'S RISK (8) TEST PLANS

MTBF (X(8))) ’
|
.- []
i0 1
1
’ FYAMDI F
i W TSIYE e
1 TEST PLAN
8 ' 30-6
\ ACCEPT AT
: TEST TIME
‘ St 7.‘“”‘
' r
6 + 3
1
\ |
\ I
) k ! HBpe e
\ \‘ l wrromn
4 A\l B 1 TEST
\ H yggF (6o
ACCEPTABLE \ S .
\
OBSERYED WIS PRODUCER'S
MTBF B — b = RISK OF
~ b, & e;:‘=~<P > o SN S ~10% a
LOWER TEST N £ = 3K T 53 ={F-20%a
MTBF L IHTFEFF \-30% a
] 2’)4 J [ ] 8 9 1011 12 13 1415 16 37 18 20
— AT oAk J
et __gTH PAN
0 4 8 12 15 20 24
TOTAL TEST TIME (IN MULTIPLES OF LOWER TEST MTBF. 8,)
TESTPLAN NUMBER OF FAILURES TOTAL TEST TIME (1) ACCEPTABLE DISCRIMINATION RATIO, (648, FOR
NUMBERS (MULTIPLES OF (MULTIPLES OF PRODUCER'S RISK
ACCEPTED REJECTED 8y) 6y) a=30% a =20% a=10%
30-1 0 H 1.20 1.20+ 337 5.39 1i.43
30-2 ] 2 244 1.22+ 222 296 4.59
30-3 2 3 362 1.20 + 1.89 235 3.28
304 3 4 4.76 1.19+ 1.72 2.07 2.713
30-5 4 s 589 118+ 162 19! 243
30-6 5 6 7.00 1.17+ 1 8§ 1.79 222
30-7 6 7 . R R} 1.16+ 1.50 1.71 2.08
30-8 7 8 9.21 115+ 1.46 }.65 198
30-9 8 9 10.30 1.14+ 143 1.60 1.90
30-10 9 10 11.39 1.14+ 1.40 1.56 1.83
30-11 10 i 12.47 1.13+ 1.38 1.53 1.78
30-12 1 12 13.55 113+ i36 1.50 i73
30-13 12 13 14.62 112+ 1.34 1.48 1.69
30-i4 13 14 15.69 1.12+ 1.33 | .45 1.66
30-i8 i4 15 16.76 1.12+ 1.31 143 1.63
30-16 15 16 1783 111+ 1.30 1.42 1.60
30-17 16 17 1890 111+ 1.29 140 1.58
30-18 17 1R 19 96 111+ 128 1139 1 86
30-1y 8 19 2102 111+ 127 | 38 1584
30-20 19 20 2208 110+ 127 136 182
FIGURF 20. 30 Percent Consumer's Risk () Test Plans.
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CONFIDENCE
MULTIPLIERS

:60 —
.50(-90%
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TOTAL NUMBER OF FAILURES

FFIGURE 21.



Downloaded from http://www.everyspec.com

CONF IDENCE

Q

b M
m oE
AN
. y/asl\\Ul|

2ls| L/ \m\\ ; 2 ym
- padiv.d) ) /V \ |

QOO0 D O
nUOnuo_U o 0 m

0987.6 w o ™

1INIT ¥3ddn

[ o0

nu. _nv n:
o ,1
SYITTATLINN

JONIATANOD

0 o
GMW <

JINIT ¥3IM0T

(=]
™
o

&

nle)
s e

FIGURL



EXPECTED TEST DURATION (IN MULTIPLES OF LOWER TEST MTBF)

'Y
La Al

Downloaded from http://www.everyspec.com

Stondord fixed-duration test plon

rirye

bododdballadnlala
v v

\Aa s anbeas aals

30.00 ¥

hoadald hn:
\
\

3

o/
to.oo?- [ /

3y
ma
Sty

-:.:-n
—~—
\

10.00 b 4

)

{2

. L. ha
LG A Aa a4
S

“-l v
\
—"
—
-“L'—-‘-
L

A " Standard fixed-duration test plon
with early rejection

\'— Eorly - accept test plon

\

—

a7
8

0.@.1- e o $ - e $tpety L s $ .
0.00 1.00 2.00 3.00 4.00

TRUE MTBF {iN MULTIPLES OF LOWER TEST MTBF)

PROGRAM MANAGER'S ASSESSMENT

A AN U ENAL &



PROBABILITY OF ACCEPTANCE

Downloaded from http://www.everyspec.com

MIL-HDBK-781
0C CURVE
1.00 /—
/
.80 /,1
o+
“ |
W0 H
I
.20 /,
.w 91 1 1 1 1
.00 .50 1.00 1.50 2.00 2.50 3.00
.00 .75 1.50 2.25 3.00 3.75 4,50

TRUE WTOF EXPRESSED AS MULTIPLE OF ©,,0,

FIGURE 23. Test Plan IX-D. (Continued)

10 percent
10 percent
1.5:1

Q™R
(I O |



EXPECTED TEST DURATION (IN MULTIPLES OF LOWER TEST MTBF)

Downloaded from http://www.everyspec.com

MIL-HDBK-781

3 - ¢ B
8 S 3 o
MAGASES s an e me ag oo Lo B B B B EET S IS DA U U TP D U WP e
\
~———
—

@
o
o

Ala o

v v v v -+ L 4
1.00 2.00 3.00 400

TRUE MTBF (IN MULTIPLES OF LOWER TEST MTBF)
PROGRAM MANAGER'S ASSESSMENT

1

§ ik

g

FIGURE 24. Test Plan X-D.

243



PROBIBILITY OF ACCEPTANCE

Downloaded from http://www.everyspec.com

MIL-HDBK-781
0C CURVE
1.00 —gp——

/ ;
I / A

.80 /.

/

®

.40

Fa)

aa A/ ] ! 1 1 1

.00 .50 1.00 1.50 2.00 2.5 3.00 &,
.00 .75 1.50 2.25 3.00 3.75 4.50 8

TRUE MTBF EXPRESSED AS MULTIPLE OF 90. LN

FIGURE 24. Test Plan X-D . (Continued)

= 10 percent
= 20 percent

.« =,
- 4.9.1



Downloaded from http://www.everyspec.com

MIL-HDBK-781

~Standord fixed —durotion test plan

/V\Stondom fued—duration test plon
welbin anelu salamtian

SHWIly T9jPwiTw

—

20.00

18.00

Lancolloceadodantonaald
f v
\
"~
\
—

18.00 <

"

ry
8

/
/ AN

PV DY
L 4

/ D

EXPECTED TEST DURATION (IN MULTIPLES OF LOWER TEST MTEF)
>
3

a

3
sadeocosles

A | 1

——

oo 4§

:

<
~ 1 i i A Y d
V.00 v T v R v

.00 .00 2.00 3.00 4.00

TRUE MTBF (IN MULTIPLES OF LOWER TEST MTBF)

PROGRAM MANAGER'S ASSESSMENT

Y& Tact Dliaem VI_MN
S 4800 L il Al



Downloaded from http://www.everyspec.com

MIL-HDBK-781

= 20 percent
= 20 percent
= 1.5:1

sQw

A

1

n
)
!

Q 5 vw s qu
1.50 2.25 3.00 3.78 4.50

5
.75

8 8
INWNVLIIAN 90 ALITVIEVEONd

(=]
(-1

(=
-

Tos DI VI N



p»
8

Downloaded from http://www.everyspec.com

MIL-HDBK-781

_Stondard fixed—duration test pian

3 & »
8 3 3

-
[-d
(<]

JE T

Sy

re
o
o

\\/Eorly-ocapﬁ test plon

—

A A A Aoa.a

o
8

EXPECTED TEST DURATION (IN MULTIPLES OF LOWER TEST MTYBF)
o
3
R e T At At L e S S e
(4]

Ot O e s e
*nn ano 4.00 .00 6.00

-ww -~

TRUE MTBF (IN MULTIPLES OF LOWER TEST MTBF)

PROGRAM MANAGERS ASSESSMENT

FIGURE 26. Test Plan X1i-D.



PROBABILITY OF ACCEPTANCE

Downloaded from http://www.everyspec.com

MIL-HDBK-781
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FIGURE 26. Test Plan XI1-D. (Continued)
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FIGURE 27. Test Plan X1I1-D (Continued)
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/ BOUNDARY
A LINE

*
resea // Vgl

] fr=0.721-2.50 //Ac-cm /
e

m:r:D (¥4 /

%

3 yd st )
5 10 £ //
g / / ACCEPT
g / //'.-‘.nT"."
s l// l/

5 10 15 20 25
TEST TIME ( IN MULTIPLES OF LOWER TEST MTBF, #3)y

TOTAL TEST TIME (IN MULTIPLES OF LOWER TEST MTBF, 8,)

Chargeable | Siandardized tesi time, i Chargeable Standardized iest time, i ¥
failures Reject line } Boundary line failures Reject line Boundary line

0 N/A 4.40 9 9.02 16.88
1 N/A 5.79 10 10.40 18.26
2 N/A 7.18 1 11.79 19.65
3 70 8.56 12 13.18 21.04
4 2.08 9.94 i3 14.56 22.42
S 3.48 11.34 14 15.95 23.81
& 486 1271 15 17.33 25.19
7 6.24 14.10 16 18.72 26.58
8 7.63 15.49

! Total test time is the summation of operating time of all units included test sample.
* To determine the actual test time. multiply the standardized test time (1) by the lower test MTBF (0,).
{See 4.8.3 3

ALL-EQUIPMENT PRODUCTION RELIABILITY ACCEPTANCE TEST PLAN.
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v

F ’
_ / /) ’ SOUNDARY

e 7] ™

apicr | Teetierfeesy/ | AwD |/

KONTINUE
% / TEST
V4

yd Atz 1210 {esm2
¥V yd

T A

CHARGEAIBLE FARURES

N J/ AccerY
[ ’/ / d
/ /
° j :
10 20 30 40 so 60

TOTAL TEST TIME (IN MULTVPLES OF LOWER TEST MTSF, §, )t/

TOTAL TEST TIME (IN MULTIPLES OF LOWER TEST MTBF, 6,)

Chargeable Standardized test time, t ¢ Chargeable Standardized test time, t ¢
failures Reject line [ Boundary line failures Reject line Boundary line

0 N/A 6.60 21 18.92 32.15
} N/A 7.822 22 2013 3326
2 N/A 9.03 23 21.35 34.58
3 N/A 10.25 24 22.56 35.79
4 N/A 11.46 25 23.78 37.01
5 N/A 12.68 26 24.99 3822
6 0.68 13.91 27 26.21 39.44
7 1.89 15.12 28 27.44 40.67
s 3.1 16.34 29 28.65 41.88
9 432 17.55 30 29.85 4222
10 5.54 18.77 31 31.08 4431
ii 6.75 i9.98 32 32.30 4553
12 7.97 21.20 33 33.51 46.74
13 9.18 2241 34 34.73 47.96
14 10.40 23.63 35 35.94 49.17
15 11.61 24.84 36 37.16 50.40
16 12.83 26.06 37 38.37 S1.61
17 14.06 27.29 38 39.59 52.83
18 14.94 28.50 39 40.82 54.38
19 1527 29.72 40 41.69 55.26
20 17.37 30.93 41 43.25 56.48

Accept-reject criteria

‘f Total test time is the summation of operating time of all units included in test sample.
" To determine the actual test time, multiply the standardized test time (1) by the lower test MTBF (9,).
(See 4 8.33))
FIGURE 37. All-equinment test nlan derived from Test Plan 1-D.
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TOTAL TEST TIME (N MULTIPLES OF LOWER TEST MTRF, #y Jv

TOTAL TEST TIME (IN MULTIPLES OF LOWER TEST MTBF, 6,
Chargeable Standardized test time, t ¥ Chargeabie Standardized test time, t ¥
failures Reiect line | Boundary line failures Reject line Boundary line
0 N/A 4.16 10 8.00 16.32
1 N/A 5.38 1 9.22 17.54
2 N/A 6.59 12 10.43 18.75
3 N/A 7.8i i3 i1.65 1$.57
4 0.705 $.02 4 12.87 2118
b 1.92 10,24 s 14 08 2240
6 3.14 11.46 16 15.29 23.62
7 435 12.67 17 16.51 24.84
8 5.57 13.89 18 17.73 26.05
9 6.79 15.10 19 18.95 27.26

Accept-reject criteria

ruting time af all unitc included in 18ct camnle
Tl AAIIIE, LITIIW Ui I MINILY TV TW IMANIN NS P LW TN LIMITI RS T W .
+ & t

ultiply the standardized test time (t) by the lower test MTBF (8,).

e t

FIGURE 38. All-equipment 1est plan derived from Test Plan [1-D.
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ARETF
E REJECT / CONTINUE /
s / TEIT /
y .| ) yd
; 111 7“ /
3 yd LA e 13065 0 a0l
/ / ACCEPT
5 — 4 _
e Ve
° <
5 10 15 20 25
TOTAL TEST TIME (I8 MULTIPLES OF LOWER TEST MTEF, &, WV
TOTAL TEST TIME (IN MULTIPLES OF LOWER TEST MTBF. 8,/
Chargeabie Standardized test time, t Chargeable Standardized test time, t
failures Reject line Boundary line failures Reject line Boundary line
0 N/A 439 9 2.08 16.86
1 N/A 5.78 10 947 18.25
2 N/A 7.166 11 10.85 19.64
3 N/A 8.55 12 12.24 21.03
4 1.15 9.938 13 13.63 22.40
5 2.536 11.324 14 15.01 23.79
6 3.922 i2.71 i5 16.39 25.18
7 5.308 14.096 16 17.78 26.57
8 6.69 15.48

\

Accepl-reject critena

- Totai iest time 1s the summation of operating time of all units included in test sample

* To determine the actual test tme, multiply the standardized test time (1) by the lower test MTRF 0,

(See 4833

FIGURE 39. All-equipment test plan derived from Test Plan 111-D.
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Chargeable Standardized test time, t¢
failures Reject line Boundary line
0 N/A 2.717
i N/A 4.i6
2 N/A 5.55
3 1.39 6.93
4 27 8.32
5 4.16 9.70
o 5.54 ii.09
7 £.93 12.48
8 8.32 13.86

Accept-reject criteria

Tataltovt timie e thee cummatiaon of ansrating time af ol neite ineladod oo 1ot camnle
+OLEDICHT THNC 15 W00 suMmimidlion Ol Upelaling UMc 1 ai Uiils st Pk,

* To determine the actual test time, multiply the standardized test time (t) by the lower test MTBF (8, ).

(See4833)

FIGUREL 40.
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FIGURE 41 All-eauninpment test nlan derived from Test Plan V-D.
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/ / T, = 1.648F ¢ 3296
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3 6 ] 12 15
TOTAL TEST Thwee (WS MULTWLES OF LOWER TEST MTBF )V
TOTAL TEST TIME (IN MULTIPLES OF LOWER TEST MTBF 6,
Chargeable Standardized test time t%
failures Reject line Boundary line
0 N/A 3.30
1 N/A 494
2 0 6.59
3 i.65 8.24
4 3.30 9.87
s 494 11.54
6 6.59 13.18
7 8.24 14.83
Accept-reject criteria
i otai test ime 1s the summation of operating time of aii units inciuded In test sampie
To determine the actual test time, multiply the standardized test time (1) by the lower test MTBF (8,).
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TOTAL TEST TIME (IN MULTIPLES OF LOWER TEST MTBF, 8,)"

Chargeabie Standardized test time, t*
failures Reject line Boundary line
o N/A 2.08
i N/A 3.73
2 1.22 5.38
3 2.87 7.02

S

Accept-reject criteria

time is the summation of operaung time of aii units inciuded in test 53mp|e
sine the sctual test time, muliiply the standardized iesi ime (i) by ihe iower iest M i BF (8,)
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TOTAL TEST TIME (YN MULTIPLES OF LOWER TEST MTEF, #,)V/

TOTAL TEST TIME (IN MULTIPLES OF LOWER TEST MTBF, 8\
Chargeable Standardized test time, t¢
failures Reject line Boundary line
0 NA 2.54
1 N/A 376
2 N/A 497
3 1.106 6.19
4 232 7.40
I 4 4 Lca 0 £L"N
J J.04 0.0L
& 475 9.84

Accept-reject criteria

4 Total test time is the summation of operating time of all units inciuded in test sample.
* To determine the actual test time, multiply the standardized test time (t) by the lower test MTBF
(See 4833
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~

1 2 3 4 3 6
OTAL TECT TIAAE (3 1L TIDLES OF | OWER TEST MTRE 2.1V
TOTAL TEST TIME QN AMULTIDLES OF LOWER TEST MTRF, £,02

TOTAL TEST TIME (IN MULTIPLES OF LOWER TEST MTBF, 8

L 1_ Conmdnadicmad tact ¢iovem .F
Lnargeavic JLAIUAIUILTU 1OOL LUIG, L
failnrace s1ant Hine Roundarv line
1aliuiIVO INwjewr 1Bl AsUsGe s ) sasaw
0 N/A 1.70
1 N/A 3.08
2 1.077 447
3 2.46 5.8%

Accept-reject criteria
" Total test time is the summation of operating time of all units included in test sample.

* To determine the actual test time, multiply the standardized test time (t) by the lower test MTBF (8,).
(See 4.8.3.3))

FIGURE 44. All-equipment test plan derived from Test Plan VII-D.
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TIME (MENUTES)
iecinn Tuna Charartarictine Dhoca
VAaiSSIOh 1 YpY Liaralieiisucs rnasc
1 §] m v v
ATTACK AIRCRAFT
Altitude (1000 f) 0-2 2 2 2 2-0
Low-Low- Low Mach No. (M) 0.6 0.4 0.68 0.4 0.4
Duration (mm.) 2 60 8 67 3
Ititnida 7 10NN A n_29 19
MUV (1VVV L) VTJde Jé& 24L&~V
Ferny Mach No. (M) 0.6 0.69 04
Duration (mm.) 10 285 10
ANTI-SUBMARINE WARFARE AIRCRAFT
Altitude (1000 ft) 0-40 40 40 40 40-0
Seek & Anack Mach No. (M) 0.6 0.6 0.65 0.6 0.4
Duration (mm.) 15 60 265 55 20
Altitude (1000 ft) 0- 11 1-0
Surface surveillance Mach No. (M) 0.6 0.25 04
Duration (mm.) 5 448 7
Altitude (1000 ft) 0-38 38 38-0
Ferry Mach No. (M} 0.6 0.6 04
Duration (mm.) 14 565 21
ELECTRONIC COUNTERMEASURES AIRCRAFT
Altitude (1000 f1) 0-35 35 35-0
Fermy Mach No (M) 06 07 04
Duration (mm ) 13 242 20

FIGURE 57. General mission profile and characteristics for six aircraft types and twelve

HUS51008
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Mission Type

Low-Low- Low

Ferry

Low-Low- Low

refueling

MIL-HDBK-781
Characteristics
!

FIGHTER AIRCRAFT
Altitude (1000 ft) 0-1
Mach No. (M) 0.7
Duration (mm.) 2
Altitude (1000 ft) 0-35
Mach No. (M) 0.7
Duraiion {mm.) iZ

RECONNAISSANCE AIRCRAFT

Altitude (1000 ft) 0-1
Mach No. (M) 0.7
Duration (mm.) 2
Altitude (1000 ft) 0-38
Mach No. (M) 0.7
Dyration {mm.) 12

TANKER AIRCRAFT
Altitude {1600 1) 0-5
Mach No. (M) 06
Duration (mm.) 4
Altitude (1000 ft) 0-15
Mach No. (M) 06
Duration (mm.) 0.7
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Mission Type Characteristics Phase
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ATTACK AIRCRAFT
Close Altitude (1000ft) 0-32 32 32-5 5 5 N/A 5-40 40 40-0
Support Mach No. (M) 0.607 0.68 0.40 0.73 0.837 N/A G.70 068 040
Duration (min.) s 62 7 61 7 N/A 4 63 1
Altitude(1000f) 0-32 32 32-1 l N/A N/A 1-40 40 40-0
High-Low-High Mach No. (M) 060 068 0.85 0.84 N/A N/A 0.70 0.68 0.40
Durstion {min.) b 55 4 S N/A N/A b st 18
ANTI-SUBMARINE AIRCRAFT
investigation Altitude(i000R) 0-38 38 38-0.5 0.5 N/A N/A 0.5-40 40 40-0
and Attacl Mach No. (M) 0.6 0.6 04 025 NA N/A 0.7 0.6 04
Duration (min.) 6 155 9 120 N/A N/A 5 140 10
Contact Altitude (1000 1)  0-20 20 20-1 | N/A N/A 1-40 40 40-0
Investigation Mach No. (M) 0.6 0.7 0.4 04 N/A N/A 0.7 06 0.4
and Intermediate Duration (min.) 4 86 6 211 N/A N/A s 108 10
Altitude(1000ft) 0-36 36 36-1 1 VA N'A 1-40 40 40-0
Mine Mach No. (M) 0.6 0.6 04 0.6 N/A N/A 0.7 07 04
I 'zi‘\'iﬁ'g. Duration {(min.) )] [ 140 9 20 N/A N/A s 127 2
FIGURE 358. General mission profile and characteristics for six aircraft tvpes and twelve

mIiccinanc
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TWAE (MINUTES)
Mission Type Characteristics Phase
1 11 11 v \' \%! vil
ATTACK AIRCRAFT
Altitude (1000 ft) 0-28 28 N/A N/A 28-43 43 43-0
High-High-High  Mach No. (M) 0.6 0.75 N/A N/A 0.7 08 0.4
Duration (mm.) 8 60 N/A N/A 4 56 28
ANTI-SUBMARINE WARFARE AIRCRAFT
Altitude (1000 ft) 0-38 38 N/A N/A 38-40 40 40-0
High-High-High Mach No. (M) 0.6 0.0 N/A N/A 0.7 0.6 0.4
Duration (mm.) 15 105 N/A N/A 6 104 15
FIGHTER AIRCRAFT
Altitude (1000 &) 0-15 35 38 N/A 35-40 40 400
High-High-High Mach No. (M) 0.7 0.7 0.9 N/A 0.8 0.7 0.5
Duration (mm.) 7 46 5 N/A 1 43 13
Aititude (1000 ) 0-33 35 i3 35 35-40 40 40-0
Air Defense/ Mach Ng. (M) 0.7 0.7 0567 118 08 07 0s
Capture Duration (mm.) 7 16 60 4 1 19 12
Altitude (1000 ft) 0-2 2 2 N/A 2-3§ 35 35-0
Low-Low-High Mach No.{M) 0.7 0.5 09 N/A 6.7 6.5
Duration (mm.) 69 5 N/A b1 57 15

FIGURE 59. General mission profile and characteristics for four aircraft types and seven

missinng.
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Altitude (1000 ft) 0-2 2 2 N/A 2-40 40 40-0
Low-Low-High Mach No. (M) 0.7 0.75 0.9 N/A 0.9 0.75 0.5
Duration (mm.) 1 52 10 N/A 7 60 13
Altitude (1000 ft) 0-35 35 35 N/A  35-40 40 40-0
High-subsonic Mach No. (M) 0.7 0.85 0.9 N/A 0.85 0.5
Duration (mm.) 7 58 16 N/A 2 64 13
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l‘— ASSUMEO SHELF AND USEFUL LIFE OF 3 YEARS '—_’-I
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FIGURE 141. European scenario assumed maintenance schedule and possible operational
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MIL-HDBK-781
SSEMBLED AND ON-BOARD EQUIPMENT
e Wocrest) = Wolgrms{OVLI2 vibration factor
(No weight reduction factor) For: q=250 Ib/t* Mach=0.45
25.3x10-4 Wing and fin tip installstions only
wQ e .
| N\ — - 3dR/OCTAVE
i \<
I REFEREMCE: TASLE 28
GmslOVL =10 | \\
i 1
5 100 T 2000
FREQUENCY (Hz2)
AS RE HIGH SPEED
WotesT) = Wo{Grms{OVL)2 vibration factor
res e e . o . Wirreersa Wela . (OVIR vibration factar
(No weight reduction factor) TEaTE T TUHBmns ST TR TS =
= WAVE ﬂ A e __an A
w9 | \ £1.3 K 19~
|
o _ / ! MAYE.
&~ bl 1/ ; Eéu_g%e"ﬂiww.!e.n.e.-ea
1 ' Q. except for q 250 lvft2 Mach =
1 I 0.45, as limited by FIGURE 135 (a).
1 Grms(OVL) = 1.0 |
| |
i i
20 150 500 600
FREQUENCY {Hz)

Frequencies should be determined by Method 514.3 of MIL-STD -810, as applicable.

FIGURE 149.
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MIL-HDBK-781

C. ON-BOARD EQUIPMENT HIGH SPEED
See FIGURE 135 (A) for wing and fin tip installation, Wy rrrsy) = W (Gems (OVL))2 vibration factor

otherwise, use st all dynamic pressures, q. Worrss = We (g, (OVLIN vibration facter
TWARIN} M AT 1 Al -y e s
(No welght reduction factor) For: Q2250 Ib/ft2.. Mach 20.45
5.99 x 10-4

‘v‘v'e -
“"OC'A"V j\<—- - 3d8 /OCTAVE

ACCELERATION PSD

|
!
w - lix10-5 ! Grms (OVL) m 1.0 | N
=1 1 ' Lt e ad ' I
! | i
| | | l
I 1 1 |
20 150 500 1500 2000
FREQUENCY {Hz)

D. BUFFET-ASSEMBLED STORES AND ON-BOARD EQUIPMENT.
(Selected occurrences by maneuvers of misslony

20—
A
i\
10 |- I : \ Time of application of spectrum :6 seconds, per
E / ' \ oOccurrence, minimum 3 occurrences per mission.
a [ 1 \W
0.1}
I 1) = First wi lon-store vency (H
/ D \ rigid lv;:d: 'z-w frequency (Hz)
[ a; \\ fy= 20 He
0 frmed e A
|
[
0.001 |
t fa ts
FREQUENCY (NHz)
1. s spectrum su on le acceleration PSD s e of FIGURES 13§
| . und 15 _a‘rfordl mlnm;‘hﬂl nition of flight phasing of m n
<. r-—k“‘w-n“ TeYoT oL appreRRTe Tor this Spactrum.
| 3 o TABLE 25 1o equations 10 solve for My, Ma, As and A». I

FIGURE 149. Unit grms (OVL)-acceleration PDS versus frequency spectra (Continued)
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FIGURE 150. Vibration profiles for rail transportation
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MIL-HDBK-781

cvmmemansaama bl el

nppxummutcly optimuim Retiabiii y oounas
read m3, v3, m2, vZ, mi, vi, s(20), ¢(20), tm, z(20), 22(20),

& 24(20), tk, sum 1, sum 2, sum 3, sum 4, sum S, r
integer k, nf{20), n,1

Input # systems, time on test, # failures

print 5000
format (2x, "Give number of subsystems.")
read (5,6060)k
print 5010
format (2x, "Enter data starting by subsystem with smallest total
time on test.")
do10i=1k
print 5050.i
format (2x, "Enter data for subsystem" i4)

ubsystem"”,
print 5060
" ' i
format (2x, "Enter this subsystem's total time on test.")
road (§ ANAN »(i)
A WS \J,UUU\I’ ql’
et SNTN
Pl i JV IV

format (2x, "Enter this subsystem's number of failures.")
mand & LNLNN\ L72N\
1<aa (o,0vuv) 1iI(i)

if (nf{i) .gi. 0) go to i0
print 5040

format (2x, “Zero failures: analysis impossible.™)
goto 105

continue

Second part:
Calculation of M and V

Preliminaries:

Do 20i=1k
zl(1) = 1.0/z(i)
72(1) = 1.0/(z(i)*z(i))
FIGURE i32. Program jisting for FORTRAN program.
R6
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23(i) = 1.0/(z(i)**3)

AL\ = 1 Nal R A
71T 1UIZ\) 4

PP U

COIINnucC

Do 30i-1,k

print 5080,z(1),z1 (i), 22(1),23(1), z4(1)

format (2x, f12.3, 2x4 (£12.9,2x))
continue

More than one failure/subsystem

suml =0.0
sum2 = 0.0
sum3 = 0.0
sum4 = 0.0

Do 40i = 1,k

n = nfli)-1

sum | =sum | +(n*z14))
\*® ==\*7/

sum 2 = n*z2(i) + sum2
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sum3 = 0*z3(i) + sum3

sum4 = n*z4(i) + sumd
continue

print 5090,sumi, sum2, sum3, sum4
format(4 (f10.6,2x))

Original paper (1972)

ml =suml! + sum3/sum?2
vi = sum2 + sum4/sum?2
print 6000,ml,vl

format (2x,"M1 = ".f10.7,3x,"V1 = ,{10.7)

Modified version (1974)

m2 = sum] +zl (1)
v2 =sum2 + z2 (1)
print 6005, m2, v2

format (2x, "M2 = " 0.7, 3x, "V2 =

-------- \&wing

The Case of Only One Failure:

continue
tk = tk/float (k)
do 601 =i,k
n = nf(i)+ |
s(i) = (z(i)-z(1))/(tk**n)
s(i)=z(1)-s(i)
continue
do701=1k

c(i) = nf(1)-1 + ((z(1)/(k*s(1)))**2)

print 601°.i, s(i), i, c(i)
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continue
format (2x, "s(",i3,") = ",{10.5,2x,"¢c

suml =0.0
sum2 =0.0
sum3 =0.0
sum4 = (0.0
sums = 0.0
do 80i=1k
n = nf{i)-1

sum! = n/s(i)+suml
sum2 = n/(s(i)*s(i)) + sum2
sum3 = sum3r(c(i)/(s(i)*z(i)*i(i)))

sumd = sum4 + (c(I)/((s(i)**2)*(z(1)**2)))

\NT/7 \N\T\7/

sumS = sum$ + (o(l\/(7. i\"?,“

Seeisae T Si=asl A GV AT STy %))

lll_l TSR Ty SeerAsT

m3 = sum! +sum3/sum3
S M 4 o A
VI = SUITIL T SUII</ SUIllo
print 6025,m3,v3

o~ «r

format (2x,~M3 =~,110.3,2x,~V3 =~,

~
1

0.7)

[

Calcuiation of bounds

3. Program listing for FORTRAN program - Continued.

R3Y
T

TO

Q
7
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1360c
1370 500  continue
1375 pril_u 6037
1380 print 6630
1390 6030 format (2x,”Enter confidence level percentile.”)
i400 read (5,6060)p
1410 pring 6035
1420 6035 format (2x, “Enter mission time.”)
1430 read (5,6060)tm
1432 print 6037
1434 print 6037
1435 print 6032, tm
1436 6032 format (2x,”Mission Time:”,f10.5)
1437 print 6036,p
1438 6036 format (6x,’percentile:”,f10.5)
1439 print 6036,p
1436 6037 format (3x)
1440c  call result (ml,vl,tm pr)
1445¢ print 6000.m1 vl
1450c print 6040,r
1460 call result (m2 v2 tmpr)
1465 print 6005, m2,v2
1470 print 60401
1475 print 6037
1480c call result (m3,v3,tm, p,r)
1485¢ print 6025,m3,v3
1450c prini 6040,r
1495 print 6037
i500 6040 format (2x, Reliability Bound is:”,f10.6)
1510 print 6050
1520 6050 format (2x, “Reliability Bound is:”,f10.6)
1510 print 6050

1520 6050 format (2x, “If another confidence level or mission time, give 1.”)
1530 read (5,6060)1

1532 print 6037
1540 if (1.eq.1) go to 500
1545 format (v)
1550 continue
t1GURE 154, Program iisiing for FORTRAN program.
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-

1560 stop
1570 end
1590c
1590 subroutine result (m,v,tm,p,r)
1600 realm, v, tm, p, r
1610c
1620 r = p*(sqrt(v))/(3.0*m)
1630 r=1.0-(v/(9.0*m*m)) +r
1640 r=r**3
1650 r=tm*m*r
1655 r =exp(r)
1660 return
1670 end
FIGURE 154. Program listing for FORTRAN program - Continued
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