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FOREWORD

1. MIL-HDBX.7B1is designed to be used with MIL-STD-781. The test methods, test plans, and
envirgnmental prafile data are presented in a manner which facilitates their use with the taiiorable 1asks of

MIL-5TD-781.

2. Thetesting of elecironic equipment procured for new military systems is anincreasingly complex
process Reliability engineers and managers musi seiect test methods, test plans, and test environments
which will ensure that contractually required reliability levels are attained in the field and early defect
failures are removed prior (o field deployment MIL-HDBK-781 provides refiability engineers and managers
wilh a menu of test plans, test methods, and environmental! profiles. The most appropriate material may be
selected for each program and incorporated into the tailored reliability test program derived from

MIL-STD-781.

3 This handbook 1s written for use by the reliability engineer and manager. The sectionson
rehiability test methods and 1est plans present methods for growth monitoring, environmental stress
screening, mean-ume-between-failure assurance testing, sequential tests, fined-duration tests, and all-
equipment tests The sechions on 1est enwironmental profiles provide test environments for fixed-ground
equipment, mobie ground vehicle, shipboard, jet aircraft, turboprop and helicopter, and missiies and
assembled externa! stores equipment The references provided will eapand the user’s knowledge and aid in
the design and impiementation of retiability test programs through more delailed dala
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1. SCOPE

1.1 Purpose. This handbook provides test methods, test plans, and test enwronmental profiles
which can be used in reliability testing duning the development, qualification, and production of systems
and equipment

1.2 Applhcability This handbook explains techniques {or use in reliability tests performed during 1he
integrated 1est programs specified in MIL-5TD-785. Procedures, plans, and environments which can be used
tn Reliability DevelopmenuGrowth Tests (RD/GT), Reliability Qualification Yests (RQT), and Production

Reliabiiity Acceplance Tests {PRAT} arediscussed. in addition, Environmentai Stress Screening (E53) methods
are provided.
1.2 Application of handbook. Data provided in this handbook can be used selectively on rehability

test programs and can be specified in Depaniment of Defemse contracted procurements, requests for
proposals, statements of work, and Government in-house developments which require reliability testing

1.2.2 Tailoring. The dala provided herein can be selected for use on tailored reliability test programs
as required by governing regulations and as appropriate to the particular system or equipment, intended
application, program type, magnitude, and funding.

1.3 Melhod of reference When referencing the Lest methods, test plans, and environmental test
conditions of this handbook, the handbook and the specific paragraph number(s) are 1o be ¢ited

1.4 Equipmenicategories The methods in this handbook are applicable 1o six broad categornes of
equipment, distinguishec according to each equipment’s field service application:

.

Category 1. Fixed-ground equipment

Category 2. Maobile ground equipment
A Whneeled vehicle

A Trarkad vabarla
o iR venie

C. Sheller configuration
D. Manpack

Category 3 Shipboard equipment
A Naval surface craft
B Navalsubmarine
C Mannecratt
0 Uunderwater vehgle

Category 4. Equipment for et aircraft
A. Fraed-wing
B8 Verucal and Shon Yakeoff and Landing (v/STOL)

Category 5. Turboprop aircraft and helicopter equipment
A Turboprop
8 Helicopter

Category 6. Mussiles and assembled externat stores
A Arrdaunched missiles
B Assembled externa!l siores
C. Ground-launched mussiles
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2. REFERENCE DIVUMENTS

21 Governmen:! dotuments

2.0 Specfiauons standards and handbooks Unless otherwise specilied, the following

speditications, standards, and handbooks of the issue listed in the Department of Defense index of
Specifications and Standards (DODISS) and 1ts suppiements specified 10 the solicitation form a part of thiy
document to the exilent specified heren.

SPECIFICATIONS
MILITARY
MiL-E-5400

MIL-E-6051
MIL-P-9024

STANDARDS

MIL-STD-167-1
MIL-STD-210
M -STD-280
MIL-STD-461

MIL.STD-6a8
MIL-STD-721

Mt .~70-781
Nt -STD-785

MIL-STD-B10
MIL-STD-1385

MIL-STD-2164
MIL-5TD-45662

MILITARY

MiL-HDBK-189
MIL-HDBK-237

MIL-HDBK-253

Electronic EQuipment, Aerospace, General Specification For
Electromagnetic Compatibility Requirements For Systems

Packaging, Materials Handling And Transportability, System And System
Segments, General Specitication For

Mechanical Vibrations of Shipboard Equipment {Type | - Environmental And
Type Ii - Internally Exciied)

Chimatic Extremes For Military Equipment

Definitons Of ltem Levels, lem Exchangeability, Models, And Reiated Terms
Electromagnetic Emission And Susceplability Requirements For The Control
Of Electromagnetc Interference

Design Critena For Speaahized Shipping Contaners

Delmitions Of Etfecuvenyy Terms For Rehabihity, Mainiainabiity, Human
factors, And Safety

Reliability Tesung For Engineenng Development, Qualification, And
Production

Relatnlily Program For Sysiems And Equipment Development Ana
Production

Environmenta! Test Melhads And Engineerning Guidelines

Preclusion Of Oronance Hazards In Electromagnetic Fields, Genera’
Requiremenis For

Environmental Stress Screening Process For Electronic Equipment
Calibration Systemn Requirements

Reliability Growih Management

Electromagneuc Compatibility Management Guide For Platforms, Systems
And Equipment

Guidance For The Design And Test Of Systems Protected Against The Effects
Of Etectromagnetic Energy
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2.1.2 Other Governmenidocuments The following other Government documents lorm a part of this
handbook to the exlent specified herein

PUBLICATIONS

NAVAL AIR SYSTEMS COMMAND (NAVAIR)

AR70-38 Research, Development, Test And Evaluation Of Material For Extreme
Chmatic Conditions

AD-1115 Electromagnetuc Compatibility Design Guide For Avionics And Related
Ground Support

(Copies of specifications, standards, handbooks, and publications required by contractors in connection with
specific procurement functions should be obtained from the procuring activity or as directed by the

contracting otficer.)
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3 DEFNITIONS

3% Terms Termusedhereinarein accordance with the definitions in MIL-STD-280, MIL-STD-721,
Wi 2 TD 785, MIL-STD-810, and MiL-HDBK- 189, with the exception and addiuon of ithe terms specified n
Ty through 3 1.3,

3.v.1 Contractor. Contractor includes Governmental or industnal activities developing or producing
miiiiary systems and equipment.

3.1.2 Corrective maintenance {repair]. The actions performed, as a result of farlure, to restore an
tem to a specified condiuion

3.1.3 Decision nisks Decision risks shall be as specified in 3.1.3.1 through 3.1.3.3,
3.1.3.1 Consumer'srisk {). Consumer'srisk (8) is the probability of accepting equipment which

has a true mean-time-beiween-talure {MTBF) equal to the lower test MTEBF (£} The probabihty of
accepting egquipment which has a true MTEF 1ess than the lower vest MTBF (£, ) will be less than (B)

3.1.32 Producer’snsk (@) Producer’srisk {g) is the probability of refecung equipment which has a
true MTBF equal to the upper test MTBF (fp) The probability of rejecling equipment which has 3 true
MTBF greater than the upper test MTBF (£ ) will be less than (a)

3.4.3.3 Diwriminationrauo {d). The discrimmation rauo {d) 1s one of the standard test plan
parameters; it1s the ratio of the upper test MTBF (£, ) 10 the lower test MTBF (§,): thatis, d = o7 6-.

3.1.4 Failures Faiture types and classifications are specified «n MHL-STD-727, with the exception of
multiple, pattern, and chargeable failures which are sperified . 11 4 Y through 3 1.4 3

3147 NMuluple failures NMuluple failures are the smultaneous occurrence of two or more
independent farlures When two or more faled parts are found duning troubleshooling and tailures cannaot
be shown 1o be dependent, multiple farlures are presumed 10 have occurred.

31.4.2 Patternfailures The occurrence of 1wo or more failures of the same pan inidenucal or
equivalent apphcauons when the falures are caused by the same bauc failure mechaniysm ang the lailures
occur 21 3 rate which isangconsistent with the pan’s predicted fallure rate

314.3 Chargeable failure Arelevant, independent failure of equipment under test and any
dependent failures caused thereby whiuch are classified as one failure and used 1o determine contractual
compliance with acceptance and rejection critena

3 1.5 independent chargeable faslure cateqones Faluresdefinedin3.71 5.1 through 3 15 5 are
categorized as independent chargeable {ailures

31,51 Eguipment design failure Any faillure which can be traced directly 10 the design of the
equipment; thatis, the design of the equipment caused the part tn question to degrade or fail, resultingin

anamnnoment {ailure
an equipment Taillure

3.1.5.2 Eguipment manufaciuning failure A failure whichis caused by poor workmanship or
inadequate manufactluring process control during equipment construclion, testing, Of repair prior 16 the
start of testing; for example, the failure of an assembly due to cold solder joints

3.1.53 Pandesignfalure The failure of pans which can be traced directly 10 1nadequate design

3.1.54 Pantmanufactuning failure Part faslures which are the resull of poor workmanship or
inadequate manufacturing process contro! during part assembly, inadequate inspeclion, or improper
tesung

3155 Softwareerror failure & fatture caused by an errar in the computer program assodiated witn
the hardware
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316 Measuresof rellability Rehability measurement shall be asspechiedin3 1 6.1 through31.69

3161 Demonslra ed MTBF nterval {§d) Demonstrated MTBF interval (fd) is the probabie range
ol irve MTBF under iest condriions; ihat is, anintérval esumate of MTBF atl astaied conlidence ievel

3.1.6.2 Observed MTBF {é). Observed MTBF (§) is equal to the 101a! operating time of the
equipmeni divided by the number of relevant failures.

3.1.6.3 Llower test MTBF {£)). Lower test MTBF {#4) is that value which is unacceptable. The
standard test plans will reject, with high probability, equipment with a true MTBF that approaches (#, ).

3.1.6.4 Uppertest MTBF (§,). Uppertest MTEF {fp) is an acceptable value of MTBF equal 1o the
discrimination ratio (d) umes the lower test MTBF {§ ). The standard test plans will accept, with high
probabilily, equipment with a true MTBF that approaches {§p). This vaiue {fg} shaii be realisticaliy
attainable, based on experience and information.

3.1.6.5 Predicted MTBF {§,). Predicted MTBF (§,) is that value of MTBF determined by reliability
prediction methods, 115 a luncuon of the equipment design and the use environment. (§; )} should be
equal 10 or greater than (§y) in vatue, 10 ensure with high probability, that the equipment will be accepted

during the rebability qualification test.

3.1.6.6 Observed cumulative failure rate (P(1)). The observed cumulative failure rate (P(1)) at time (1)
1s equal to the number of relevant system failures N(t) accumulated by (1), divided by (t).

3.1 6.7 Intensity function {flU]} The intensity function (P(1)) is the change per unit time of the
expected value of Ni1), the number of system failures muluplied by time {t). Thisis writlen as:

pl1) = dE{N(1))/dt

where E represents the expecied value.

6.8 Instantaneous MTBF function {M(1)). The instantaneous MTEBF function at (1) is equal 10 the
| of the failure rate function.

31.69 Observedreliabibity (R(1)) A pointestimale of reliability equal to the probability of survival
for a specified operating me, (1}, given that the equipment was operational at the beginning of the period

3 1.7 Missionprofile A genercdefinition is specified in MIL-STD-721 This ampiification of that
definiuon applies 10 rehiability test programs. A thorough description of all of the major ptanned events and
condinions associated with one specific mission. A mission profile is one segment of a life-cycle prohile (for
example, a missile capiive-carry phase or a missite free-flight phase). The profile depicts the ume span of the
event, the expected environmental conditions, energized and nonenergized periods, and so forth,

318 Life-cycle profile A thoroughtime-iife description of the events and conditions associated with
anitem of equipment from the time of final factory acceptance until its ultimate disposition (for example,
tactory-to-target sequence) tachsignificantlife-cycle event, such as transportation, dormant storage, 1e4
and checkout, standby and ready modes, operational depioyment, and mission profiles, 1s addressed,
including alternate possibiliies The profile depicis the time span of each event, the environmental
conditions, and the operating modes

319 Procuning acuivity As used in this handbook, procuring activity refers Lo a Governmeni agendy
ot 10 a prime CoNraclor in iransaclions with its suppliers
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4 RELIABILITY TEST METHODS AND TEST PLANS

4.1 Pyrpose. Section 4 prowidasinformatuon and guidance for selecting the test methods and tes,

plans required 10 implement the test programs specified in MIL-5TD-781

4.1 Scope. Section 4 provides test methods and test plans which can be used when performing the
reliability 1est programs specified 1n Tasks 200, 300, and 400 of MiL-STD-781. Methods are provided for
evalualing data produced during RD/GT and ESS programs. Test plans are provided for MTBF assurance and
fixed-duration and sequential reliability demonstration and assessment tests and atl-equipment reliability
tests. These test plans can be selected for use in RQT and PRAT.

4.1.2 Applications matrix. The interrelationships between the test methods and test plans described
herein and the tasks specified in MIL-5TD-781 are provided in TABLE 1.

4.1.3 Test methods Methods for evaluating reliability growth during RD/GT and for evaluating ESS
programs are provided in4.1.3.1 and 4.1.3.2.

4.1.3.1 Growth monitoring method Two growth monitoring (data evaluation) methods are
described: the Duane Method and the Army Material Systemns Analysis Agency (AMSAA} Melthod The
Duane Method is a graphical and nonstatistical technique which can be used 10 graphically plot changesin
reliability. The AMSAA Method is based on 1he assumption that the times between successive failures can be
modeled as the intensity funcuon of a nonhomogeneous Poisson process. This intensity funcuon is
expressed as a multiple of the cumulative test ume raised 10 some power, The Duane and AMSAA methods
are described in MIL-HDBK- 189

4.1.32 ESS evaluation methods Two ESS evaluation methods are described which provide a means
1o determine when the ESS procedure shouid be terminated One of the methads provides a techrique {or
calculating a required ESS time interva!l (which must be saushfied 1o s1op screening) prior to the stan of the
ESS The second method makes use of arbitrary imes based on historical data.

4.1.4 Jestplans MTBF assurance tests and the standard test plans provide a wide selection of 1ests
suitable for tailoring 1o conform 10 the requirements of any reliability program

A % oA J— e & L _aaTRFE .. e = —a

LI MTBF assurandce iesis Tne hViipr assurance iesisuse a lallUI'E 'TEE imervar faﬁféfﬁ io Vefll}
MTBF. The tesis provide a desireo assurance that a mimmmum specified MTBF level is achieved in addition to
providing assurance that early defect failures have been eliminated This test can be used on production
equipments which have previousiy passed qualificauon tesung The MTBF assurance test provides the
producer with a high probability of success.

4.1.4.2 Standardtest ptans The standard 1est plans contain statistical criteria for determining
compliance with specified reliability requirements and are based on the assumption that the underlying
distnbution of tmes-between-failures 1s exponential The exponential assumption imphies a constant {avlure
rate; therefore, these test plans cannot be used for the purpose of ehiminaung design defects orinfam
monahty fatlures The standard test plans are as categorized in a through d;

a. Probability Ratio Sequential Test plang (PRST) (Test Plans i-D through VI-D)

b. Short-run high-risk PRST plans {Test Plans VII-D and V1i1-D)

<. Fixed-duration test plans{Test Plans IX-D through XViI-D and XIX-D through XXI-D}
d. All-equipment reliability test plan {Test Plan XViIIl-D)

These statistical test plans are to be used to determine contractual compliance with pre-established accept-
reject critena and should not be used 1o project equipment MTBF

4.2 Test method and 1es1 ptan selecuon factors The most important faclors to be considered when
selecuing an appropriate test plan or method are provided in 4 2.1 through 4225

4.2 1 Test method andtest planselection The test methods and 1est plansto be used 1n RDCGT, RQT,
PRAT, and ESS shall be selected from the matenal provided in a through f The 1est methoos or test plans
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should be specified in the contract and the equipment specification and described, in detail, in the rehability
test plan document,

3. The reliability growth monitoring method shouid be selecied under condinons where
parameters of the ume-to-failure distribution are expecied Lo be changing with ime.

b. The £S5 methods are 1o be used 10 eliminate early defects {infant monality). The Standard
Envnronme 1al Stress Screen is a form of £55 used when it must be verified that equipment, which has passed

eliability testing, has not been degraded by the production process.
<. The MTEF assurance test can be used 1o provide assurance that a minimum specmed MTAF
has been achieved and that early defect failures have been eliminated.

d. A hzed-duration test plan must be selected when it is necessary to obtain an estimate of the
true MTBF demonstraled by the test, as well as an accept-reject decision, or when total test time must be
known in advance.

e. Asequential test plan may be selected when it is desired 10 accept or reject predetermined
MTBF values (#y.81) with predetermined risks of error (a ), and when uncertainty in total test ume is
relatively ummportant. This 125t will save test time, as compared 1o {ixed-duration test plans having similar
risks and discrimination ratios, when the true MTBF is much greater than (§g ) or much less then (§))

i.  The all-equipment test plan may be seiected when ali units of the production run must
uvndergo a reliabilitly lot acceplance test.

These statistical 1851 plans are 10 be used 1o determine contractual compliance with pre-established accept-
reject criteria and should nol be used to project equipment MTBF.

4.2.2 Test method and test plan parameter selection. The most important paramelers 1o be

considered when selecuing test methods and test plans are discussed in4.2.2.1 through 4.2 25

4221 Eguipment performance. The parameters to be measured durning reliability 1ests and the
applicable acceptance hmits should be determined by the performance requirements of the equipment
design control specification and should be included in the test procedures.

4.2 2.2 Eauipmentquantity The number of equipmeni 10 be 1ested, not necessarity wmulianecusly,
shall be getermined as described nerein or as specified in the contract.

a2 Sample size (reliabihity growth and qualification). The sample size required for the
growth and qualification phase test plans should be as specified in the contract or as agreed to by the
contracior and the procurning acuwily

b. Sampie size {production reliability acceprance). Uniess olherwise specified by the
procuring acuvity, the manimum of samples 10 be tested per iots three pieces of equipment, The
recommended sample size 13 10 percent of the equipment per lol, up to a maximum of 20 pieces of
equipment per ot

¢. All-equipment praduction reliability acceplance test. Under this test plan, all production
equipmentis subjected to the rehabulity acceptance 1est. All-equipment acceptance tesung (100 percent
sample) should only be specifred under exceptional circumstances, 23 determined by the requirements of
safely or mission success

d Samplesize (E$S) Unless otherwise specified by the procuring activity, selected
development equipment and all equipment in production lots should be subjected to ESS inhigh volume

tho mrararimes artiuits {meal lntc

mradartianroane tho tamalaciza fram aarh oy chaiid bacalarrad b
initicr rOLS

| o U\Ju\.liu" Tur 3, I @11 HIC 14T 1TWI RO TUL 2 TWW I UG JEiITLITW Uf LT V\-Ul llls aliivi t_r
should be screened at 1the 100 percent level. Sample size on later lots may be reduced by the procuring
acuvily based on the screening results,

e Sampiesize {optional nonstatistical test). The sample size for thes testis al! equipmentin
atol whose venfied reliability tharacteristics may be degraded by manufacturing and qualny defects
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4225 Testduravion Thetest durolion for RDIGT should be specified in advance, by the
wovernmert, in the request for proposal, contract, and speaficaton. Duning the test program, addiliona!
test time may he specified «f needed 10 achieve reliability goals ESS time is a varable, which depends on lo!
size, failure d.otribution ol the early failures, types of environmental stress applied, and stress levels Some
maximum allowahle 1est ume should be used for test planning For sequential test plans, test duration
should be plar~ed on the basis of maxmimum allowable test ime (truncation), rather than the expected
decision point, to avoid the probability of unplanned test ¢ost and schedule overruns. Testing should
continue unt'i the total unit hours together with the total count of relevant equipment failures permit

either an accep! of reject decision in accardance with the specified test plan. However, for the all-

equipment reliability test, testing should continue until a reject decns-on 15 made or all contraciually required
equipment has been tested. Equipment ON time (that is, equipment operating time) should be used 10
determine test duration and compliance with accepl-reject criteria. Testing should be monitored so that the
umes of failure may be recorded accurately. The monitoring instrumentation and techniques and the
method aof est. mating MTBF should be included in the proposed reliability test procedures, Each equipment
should operate at least one-ha!f the average operating time of all equipment an 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 allowerd by the schedule and fiscal constraints of the program.
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the lower test MTBF will be accepted by the test plan. The producer’s risk(a) 15 Lhe praobability 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 ionger test ume However, low decision rnisks provide protection against the
rejection of satisfactory equipment or acceptance of unsatisfactory equipment For each of the rruncated
sequential plans (PRST) the exact nsks were calculated. Shiftsin the accepi-reject lines and truncation points
were made to bring the true risks closer 1o the designated risks and 10 make the two risks more nearly equal
lor each plan The decusion risks of the ali-equipment reliability test vary with the 1o1al test ime and have
Little significance as 7 reason {or choosing this plan

47375 Dmunwinelon st id] The discnmination ratio [d) s the ratio oi the upper test MTBF
{ fp) Lo 1he fower test MTBF (§;) and 1s @ measure of the power of the test 1o reach a decision quickly and,
together with the decision risks, define a sequential tests accept-reject criteria In general, the gher the
discrimination ratio (d), the shorter the tes1 The discrimination rauo (@) (and corresponding test plan) must
he chosen carefully 1o prevent the resulting (§g) from becoming unattainable due to design lmitations

13 Rehability DevelopmenUGrowth Evaluation Methods

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

b The AMSAA Method tor evaluating reliability growth presented herein was developed by
AMSAA, This method s discussed in some detatl in MIL-HDBK-189, Additional information s provided 1n
Reference 2. The AMSAA model was selected for inclusion in this handbook because it is an analylical mode!
which permits confidence interval estimates to be computed from the test data for current and future values
of reliability (MTBF) or failure rate (}). In addition, the model can be applied 1o either continuous {ime) or
discrete (rounds, miles) reliability systems, single or multiple systems, and tests which are time or failure
truncated

4.3.1 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
candepict facts that may be hrdden by a purely statistical analysis For example, a goodness-of-fit test may
calt for rejecting the AMSAA maooe!, but will notindicate possible reasons for the rejection A plot of the
same data may indicate some reason {or the problem. However, Lthe reliabilitly parameters cannol be
estimated by the Duane Method as wel! as they can by a statistical model! and, of course, noir.terval

=]
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estimates can be computed In addition, the Duane plot uses a straight line which is fitled by eye to the data
points. The graphical and statisuca! methods should be viewed as complementary techniques

431 mbols used in the equations of the Duane Method are:
C{1) = expected number of failures in (1) units of development testing divided hy (1)

F(1} = expected number of failures in (1) 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

average failure rate of grouped data in interval (i}

|
"

4.31.2 Construcuon of a Duane plot The Duane plot can be constructed as specified in a through g:

a. The Duane mode! can be expressed inthe form:

s n L, m
Cui = &t
where:
. K
Cin= —
t

Since {F{1)) s the expecied number of failures experienced by the system during (t) units of devetopment
testing, it can be estimated by (N{1)), the observed number of failures during (1} units. Therefore,

N =~ ™

15 the observed relationship. This may be expressed as a linear relationship, suitabie for plotiing, by taking
logarithms

In(NWH = IniM — m Inle)
However, since il is easier 1o visualize growth as an upward sloping line, 3 more commoniy used relationship

15:

IntyNu = mint) = In(h)

b. Asthe testing progresses, record is kept of (1), the total units of operation accumulated
among all the systems Thus, 1f three systems have been tested for 100 hours each, t = 300. Record also s
kep1 of (N(1)). the cumulative number of failures experienced during the (1} units of operation.

¢. Alselected values of (1), the quantity (UN(t)) 1s computed.

d. .Using full-log graph paper, the values of {1) and (UN[1}} are plotted on the abscissa and
ordinate, respeclivetly

e ifthe ploited pointis form areasonably straight line, 11 ¢an be concluded that the Duane
mode! s 5 reasonable methad for describing the growth patiern observed

1 after itung a straight hine through these points, (L) may be estimated by the recipro<al
of the ordinate atft}= 1 The parameter (m) may be estimated by the anthmetic slope of the fine  Each
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successive point contains all the information contained in earlier points. Therelare, the most recent points
should be given heaviest weight in plotung the Line.

g. An estimate may be made of the current values of MTBF (& (1)) and the failure rate (r(1)),
by means of the relationships:

i) a ™ = mix
and

Al ={1 =mAi~™"

Any extrapoiations beyond the test period are sensitive to the assumption of using the Duane modei, and
maka the additional sssumption that the program effort is to remain constant in the ensuing peniod. The
analysis of data from several identical systems being tested simultanecusly may be complicated by the fact
that design modifications may not be introduced on alt systems simultaneously. This will resuft in a mixture
of configuration ages which wili make data anaiysis more difficuit

4.3.1.3 Example. Asan exampie, three systems were tested simultaneously until a total of
1000 hours of operation was accumulated among the three systems. As failures occurred, appropriate
design modifications were introduced on all three systems. The cumulative number of failures encounterec
after selected periods of testing and the corresponding vaiues of (UN{1)) are given beiow:

t N1} YN
{hundreds of hours) _

1.00 3 G.333

.00 & £.333

5.00 13 0 385

8.00 18 0.444

10.00 22 0.454

The values of (t) and {UN(t)) are shown piotted in FIGURE 1. The points form a reasonably straight iine,
suggesting that the Duane model 15 appropniate for describing the growth pattern observed. A straight line
is then fitted through these points.

The ordinate at{t) = 115 0.31. Therefare, A= 1/0.31 = 322 The anthmeticslopem = 15 millimeters (mm)
divided by 95 mm = 0.158. This may alisc be determined by:

Inll £y — Iatl
3 [

ms — =0.157
in{10) — in(i)

Lo
Cd

a2
5

b
—

The MTBF currently achieved at 1000 hours may be estimated as:

10°* o187

8(1000} = = 0.5288 hundred hours = 52 88 hoyrs
1 —-0.157)3.22)

and 1he current failure rate may be estimated as:
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The MTBF expected al 2000 hours may be esuimated as:

00+ 0187
8(2000) = = 0.5896 hundred hours = 58.96 hours
{1 -0.157X3.22)
This estimate assumes that the Duane model is valid for the growth patiern being experienced and that the
program etfor is to remain constant.

4.3.1.4 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 it is

combined with all the previous data. Piotting the average failure rate of selected intervals eliminates this
prabiem. The lack of cumulative smoothing, however, does make the average failure-rate plot much more
sensitive 10 tampling variation. The average failure-rate (A,) over any time interval is the number of faitures
in thatinterval {n) divided by the total operating time in the interval (T,).

1
e ]

The choice of intervals is arbitrary, but they should be small enough to reflect trends, yetiarge 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 {or each interval, thatis:

Interval n, T, A,

{Hours) Number of failures {Hours) {Failures/hour)
0-100 3 100 Q.0300
100-200 3 100 0.0300
200-500 7 300 00233
500-8B00 S 300 0.0167
800-1000 4 270 0.0200

Average failure rate over each interval is shown in FIGURE 1, however, FIGURE 2 provides a clearer picture of
the trend.

TABLE 2.

4.3.2.1 Determination of trend from test data. Prior 10 the use of the AMSAA method, any
significant trend in the test results must be identified. Muttiple systems should be analyzed on a cumulative
test duration basis {time, miles, and so {orth) by combining the failure data on the multiple systems, as if they
were a single system, and then anaiyzing the data as a single system. If the period of observation ends
with a failure, use the test statistic (11) generated by equation 1in TABLE 3. M the failure data is lime-
truncated, use the test statistic { i) generated by equation 2in TABLE 3. At the 10 percent {(two-sided)
significance level 4t = 1.645; therefore, if:

a. p £ -1.645: Significant reliability growth is indicated at the 10 percentsignificance leve!
and the AMSAA model can be used for estimating parameters of interest
b pz +1.645: Signifitant reliabihity decay 1sindicated at the 10 percent significance level.

Corrective action 1s necessary.
€. - 1.6845 < u< + 1.645: The trend is not significant at the 10 percent significance level and

additional data should be accumulated

11
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Fos values near - 1,645, some growth isindicated, for values near 11,645, some decay is indicated, for values
near zero. ne trend isindicated Addiuonal tesung should be considered 1n these marginal cases

Dthear critical valuace af 1
WANer cnldal values ot 1

Value Percent level of significance (two-sided)
-3.09 0.2
-2.576 1.0
-2.326 2.0
-1.960 5.0
-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.

4.3.2.2 Reliability growth analyus. If ssgnificant growth isindicated, compute the appropriate
parameters using the reliability growth equations seiected from TABLE 3. Use TABLE 4 as a guide for
equation seiection. Note that for small sample sizes, the recommended estimate of (8) is the unbiased
estimate, (8), which is:

For failure-tryncated tests, use equation d

B=IN=-2yNIB

and for ume-truncated tests, use equation 8

B=IN-1¥yMp

The recommended estimate of (A} is (&), which is:

For failure-truncated tests;

_B E
A N!XN

and lor ime-truncated tests:

-A=NH

(=B -1}

The goodnessof-fit of the AMSAA model 10 the particular test data being generated must be tested by use
of the Cramer-von Mises goodness-of-fit test. First, the level of significance {a) of the test must be chosen
and the critical value of the test statwstic {C 5} determined from TABLE S. The (cf‘ } calculated from the
observations {(equations 6 and 10.1n TABLE 3) must then be compared to this eritical value. If the statisticis
less than the tabulated critical value, the AMSAA model cannot be rejected and the calculauor procedure in
steps a through g below can be used. If the statistic is greater than the tabulated critical value, then the
AMSAA model s rejected | the model is rejected, follow the procedures given in step h below,

a It the AMSAA mode! 1s appropriate, the sysiem intensity funclion may be esuimated as a
function of time by:

A
A_1
A

A AA
plty= X0«

plo = T\ﬁrﬁ“‘ {for small samples)

12
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The intenuty function iy equa! Lo the derivative, at ume (1), of the expecied number of failures in the interval

(0,1)
‘ A -
b Then talculate (2{1)) or (p(1)) a1 the end of the 1est {or at the point in Lthe test al which the

calculation is being made)

¢. From TABLE 6 for failure-terminated test and from TABLE 7 for ime-terminated test,
obtain the two-sided lower confidence bounds (Ly.Y) and two-sided upper confidence bounds (Uy.Y) for N
failures and {Y) perceni confidence coetficient.

d. Compute the interval estimate of MTBF from:

€. Mthe number of failures is 20 or more, the same percentiles may be used to construct

approximate confidence bounds on the future MT8F.
f. The MTBFs:

,Gm =1 ,3“) {for large samples)
5-4(” =1 15“) {for small samples)

g From the confidence limits on M{1) previousiy calculared, vhe corresponding timits for (1)
may be found from:

Pa=1¥y

l"b= 1M

ub

h. A poor Cramer-von Mises it may be ¢aused by jumps or disconuinuities in the growth
patiern. A plot of the data may suggest whether a different, continucus 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 applied i1 a piece-wise
fashion. The procedures are as described in4.3.2 2a through 4.3.2 .29, except that the data priot to and
following the tme of disconunuity (D) 15 treated separately. Thus, the earlier data s lreated as a time-
truncated test, with T = D and the later data is treated separately afier subtracting (D} trom each observed
failure ume If 3 two-piece AMSAA model 1s appropriate, the system faiture rate as a funcuon of time {1} may

be estumated by:

o

A A o -1
pui= X p " 0s:1sh

A A A & -1

pty=14,p - Dyf2 ¢>D
where the parameters subscripted 1 are determined from the data prior 10 (D), and the parameters
subscripted 2 are determined from “he data after (D).

4.3.2.3 llustrative example This example illustrates how the AMSAA mode! can be applied 0 8
practical situation such as the test of 2 single system, the reliability of which is described by a continuous
function, 1n a time-truncated test. The 1est data for this example are given in TABLE 8 The test was
lerminated at 1000 hours A total of 15 faitures necurred at the times indicaled TAELE B also hists some of

e e . . e o a
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the intermediate computauonal results which may serve 10 clarily the procedure The procedure is as
provided in a through |

a. Ccmpule the growlh parameier esumate using equation 7 of TABLE 3, that s

N
LY ==
b=NANInt ~ l {n(X)=15115Un1000) ~ 70.312) = 0.4504

b. Calculate the scale.parameter estimate using equation 9 of TABLE 3, that is:

A
A
Ae Nnﬁ: 15/1000%* - 0.6682

<. 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 vatue for M = 15, the critical value found in TABLE S is
0.169. The Cramer-von Mises statistic is calculated from the observed data using equation 10 of TABLE 3,
thatis-

74 .
1 x;ﬂ 2!-']
Co ™ 12M +§— I(:—) Y,

where:

- A
B=UN=1VNIP=1{15—-1V15)(0.4504)= 0.4204

therefore:

C2 = 1M2015) + 0.01857 = 0.024)

Since 0.0241 is less than 0.169, the tabulated critical value, the AMSAA model cannot be rejected if the
1abulated critical values and calculated values are very close, then more exact critical values can be obtlained

frrnrmm TADICC by intarmmalat. on
WO 1 ASLE 2 O S pOiauion

d. Since the AMSAA model s appropriate the system failure rate, p(t) can be esumated for
large samples, trom:

A A
3(!):&9:5"

e. The failure rate at 1000 hourss:

PUI000) = (0.6682)(0 4504)(1000)%%% -} - 0 0067

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

t.  Obtainthe lower confidence bound (Ly,Y ) and upper confidence bound (Uy,Y) for
15 faiiures and 0.B confidence coefficient from TABLE 7, for a ume-terminated test, that is,
(Ln,TY) = (L1, 0.8} = 0614 2and {Uy,Y) = Uy, 08) = 1.8

9. Theinterval esumate of MTBF 1s computed from:

I.A,_y Ip(lG) < MTHF = UN' y lp{ful
0614/0 0067 = MTBF < 1.8/0.0067

916 = MTHF = 268.7

14
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h. The MTBF is compuled using the foliowing equation:

A A
M =V ip(1000) = 1/0.0067 = 149.3 hours

i. Notethat the sample of 15 failures is at the margin of useability of large sample
equations. As an exercise the reader should recalculate the various parametersin a through h using the

small sample equations.
{. Theinterval estimate for faiiure rate tan be determined frem:

P, = 1M, =17916=001092

Py = 1/M  =1/268.7= 0.00372

4.4 ESS monitoring methods Three methods for monitoring ESS are provided in 4.4.1
through 4.4.3.2.

44 Computed £SS1ime nterval method. This method provides a technigue for estimating the

Parw RS L 22 0

required £S5 'me 16 ensure thai, with a prespecified high probability, all defective parts have been removed
from a repairable sysiem (see Reference 3) The required screening time (T) for each additional system which

ensures with probability {p) thal no defects remain in the system is:

( -lnp)
—In -
A‘l.'l

Te—g——

d
where:
p = prespecified probability that no defects remain after the screening period
Ng = expected number of defective parts in each sysiem
Ao = Tailure rate of each defective part
Further, jetl:
Ng = (Mp) where IM] is the total number of parts in a system and {p) 15 the probability

lthat any one of 1hese pans isdefective

Point esumates of {p) and (A 4) will both be biased towards making the estimate of {T) oo low. Therefore, it
is recommended thal an upper conlidence hmit on (p) and a lower confidence limit on (4 4) be used. An
upper (1-a) confidence hrmit on (p). (p) can be obtained by finding the smallest {p) such that:

(MK)! » MK 1

—p" (1 =) duzl ~o
r'{MK —r—1})'.g b ¥ H

where:

K = total number of systems on which data are available
1013l number of defects observed on all K systems and the lefi-hand side of the
equation s the cumulative Beta distnibution, 1abulated in Reference 4

-
"

—
(o)

A e Tl T e iy e i R -
I e il
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Adwer (3~ d)wunfidence hmit on (Ag). {4g). 15 obtained fron:.

2
x(l - By, 2r
-d = r
2 }_ t
whert 9 =1
X“ 5 - = the({l - §)th percentile of a chi-square distribution with 2r degrees of freedom

.-
1]

the operating time to the ith failure of the system which sutfers that failure

f
The recommended estimate for (T), {T), becomes:

Before data becomes available 10 estimate (T) or (T), the screening time (T) should be based on screening

periods for previous similar systems and/or engineering judgement. When and if (T) becomes smaller than
A

this predetermined period, the screening time should be decreased accordingly. H (T) is greater than the

original period, thought should be given 10 1ncreasing the screening period. A large (T) is parucularly
meaningful, of course, 1l it 15 based on a relatively large data base, thatis, on arelatively large (r}.

4 4.2 Graphical method inthe graphical method, a plot of observed failure rate and smoothed
fallure rate 1s made and conlinuously updated from the data Typically these curves will botiom outf the

defeciive paris are removed by £55 The E55 duration is obtained by observing when the curve becomes fiat
For example, in FIGURE 3 an ESS duration of appromimately 70 hours would be reasonable. For a new system,

then:tial £35 d.....i-an shoutd be chosen from data on ssimilar systems and then modified as test expenence
s accumulated,

4 43 Standard E5% Standard ESS verifies that production workmanship, manufaciuring processes,
quality contro! procedures, and the accumulation of design changes do not degrade the reliabitity which
was originally founad 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 and MIL-5TD-2164 Alltems
shouid be subjeci 10 a sequential series of siress cycies consisung of thermal or vibration siress cycies or a
combination of both. The number of ¢ycles and cycle characteristics should be selected by the procuring
activity. Typically, each equipment should be stressed until a minimum of one faiture-free interval i
attained. The failure-free period {time or cycles) should be specified by the procuring activity. £S5 can aiso
be used as an effective screening method during development and during depot repair. Afterrepairs have
been completed, the screening should be restarted at the beginning of the next cycle.

4.4.3.1 Thermalstress A typical thermal stress cycle is shown in FIGURE 4. The cycle should be
selected from a range of temperatures between - 54°C 1o + 55°C. The number of thermal cycles used
should range from 6 10 10, where 8 is considered as a reasonable value for many equipments Histonical data
indicates that more compiex equipments require more thermai cycies. Six cycies appear 10 be adequate for
black boxes of about 2000 parts while 10 ¢ycles may be required for equipment containing 4000 or more
parts. A suggested range of therma! cycles to be apphied is:

Complexity Thermal cycles
Simple (100 electronic parts) 1
Moderately complex (500 electronic parts) 3

—
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Complex (2000 electroni¢ parts) 6
Very complex (4000 electronic parts) 10

Histonical data indicates that thermal soaks do not cantribute significantly 1o the screening effectiveness
Thereiore, the dwell times at high and low temperatures need to be only long enough for internal
temperatures 10 5stabilize. It follows that each successive thermal ramp shouid be started soon after the
internal part temperatures have stabilized within 5°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 panis. The
equipment undergoing ESS should be energized and operated during thermal cycling {within the specified
operaling temperature range), but it may be turned off during chamber cool-down 10 permit the
temperature of internal paris to decline more rapidly. Equipment performance should be monitored
continuously, but if cost or other constraints do not permit this, periodic checks and continuous monitoring

of the final cycle should be required.

4432 Vibrationstress. The standard vibration stress spectrum is shown in FIGURE 5. The stressis a
rangdom vibrauan which should be applied for at least 10 minutes if the direction of vibration is to be along 2
sngle axis Wnen vibration along more than one axis is required, the random vibration stress should be
apnlied for at least S minutes along each axis, The equipment shauld be hard-mounted 10 the shake table sg
that the direction of vibration s perpendicular to the plane of the printed circuit boards (PCBs) If the
equipment has PCBs oriented \n mare than one plane, the equipment should be vibrated sequenually along
each of three orthogonal axes The tolerance for the random vibration spectrum should be «+ 3 decibels {dB)
measured in accordance with MIL-5TD-810, Method 514.3, Section Ui, Tolerances paragraph Noiching a1

resonant frequencies is permitted
4.5 MTBF assurance 1est The MTBF assurance test (see Reference 6) can be used to prowide assurance

that any minimum MTEF levei, such as the lower test MTBF, s achweved in addition to providing assurance
that early defect failures have been eliminated The testis conducied in ¢combination with an £55 which

of hours determined by the methods previously described. After the ESS is terminated, the system enters the
MTBF assurance 1est, which is to be conducted under mission profiie environments. The procedure s
destgned 1o permit changes in the failure-free interval (Lest window) (W) if warranted by the testdata This
test can be used on production equipment which has passed qualification tests and can provide the producer
with a high probability of success. In1he MTEF assurance test, the system must operate for a specified
number of test hours without faiture (failure-{ree requirement) within an interval (test window) (W) of
specified length. Generally, the test window is chosen 10 give the seller a very high probability of passing the
1es1 {{or example, 98 percent), if the equipment actually does satisfy the minimum MTBF level. The

probability of a unit passing,(Ps),i5:

(M=1)Y (M+W—r)

Ps= Y
where:
M = Minimum MTBF level, houry
W = testwindow, hours{r < W 52r)
r = falure-freeinterval, hours

Because of the large numbers involved, direct exponentiation and multiplication result in numbers which
exceed the ranges of hand-held calculators, therefare, this caleulation must be performed using logarithms,

1hats:

logPs = rlog(M-1) + log(M « W=-r} ~(r + })logM

17
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An analysis of Lthese equations indicaled 1hat the best vaiue of ihe Lest window (W) was twice tne failure
free interval, {r)

If the ratio of (W) to (r) is tess than two, there exists an interval within the test during which one equipment
failure would immediately terminate the testin failure. This resullsin degraded statistical confidence in the
result. lncreasmg the rauo of (W) 10 (r} beyond two, mcreases the test time without s-gnmcantly Improving
the statistical LUI’lIIUEHLE lnelr.'lulc, ihe upunmn b1 u| iesl Wingow lEﬁGul [{v} |Ei|ii|':-liéé fequirement i
2. FIGURES 6 and 7 present a graph of (Ps) versus (M) with W = 2r for a range of failure-free intervals of

10 hours 10 150 hours. Using the above equation and letting W = 2r, the failure-free interval, and,
consequently, the test window, can be computed for any desired (Ps).

For exampie, if Ps = (.98, the equaiion yieigs:

M=1Y(M+n
Mr + i

0.98 =

Salving numerically for {r) in terms of (M) yields the empirical relation:

re0.212M

As another example, for an arbitrary M = 150 haurs and r = 10 hours, the probability af acceptance s
= 0.9976.

4.5.1 Derivation of equation. The MTBF assurance test equation is derived as provided in a
through g.

a Break upthe testinlo one-hour intervaly; therefore, the probability of a success 1n any one
hour interval is approximately:

p, = e UM UM M
and the probability of failure is:
p,= 1M
[
b. The condiuon for pa 331ng the 1est s {rj hours {r successes) of faliure-iree operation.
c. Thiscan occurif {r) successes (r consecutive hours) are achieved without incidence of failure,

tp, V=1 = LMY

d. Furthermore, the test can be passed if following a failure, {r) successes are oblained. We are
unconcerned with the previous faifure history prior to the last faillure, thatas:

e. Thiscan occur {r) times within the test window (W), bnfnm the test is faited and sufficient
failure-free time can no longer be accumulated
1. Tnerefore (ps){p,)’ can occur (1) times

18
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g. Therefore 1the 1o1al probability of acceptance is given by:
Pi=pl + (r)lp,l(p.)'

= (1=1/M +r (/MU =1IM)
wdl = 1/M) (1 + M)

(H-—l )'(M+r)
“\'M M

(M=1Y (M+#A
M - M

LAY AR
LY By owT I}

Mrf-l
4.5.2 Progedure Using the relationships givenin 4.5, 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
ind 3

b. For the desired (Ps) and MT8F (#). determine the failure-free inierva! from FIGURES 6 and 7.

¢. Thetest window, W = 2r .

d. Run the MTBF assurance test on each equipment with the parameters ina, b, and ¢, until
the failure-free interval of {r) hours s oblarned in the test window, (W),

e. Accumulate the umes of failure on each unit {serial number) of equipment tested and use
the AMSAL mode! to compute current MTBF on the accumulated data and on the data lor each individual
system (or some group of latest units)

f. Continuetesting unul! a time of 10 MTBF is accumulated.

g |f the test datlaindicates a computed MTBF in the vicinity of the desired MTBF, continue
testing using the same failure-free interval and test window.

h. [f the most recent data indicates a significant decrease in MTBF (reliability detenoration),
consider increasing the faiture-free interval and 1est window.

i. i the most recent data indicates a significant increase in MTBF (reliability improvement),
consider decreasing the farlure-free interval and 1est window.

). Thereis nosimple method of determining, a priori, the number of latest units whose data
should be combined when computing the MTBF which is to be compared against the original MTBF The
MTBF attained by each unil tested and the overall MT8F should be calculated and graphed and the results
montored conlinuously

k. lfthe use of alarger failure-free intervat and test window results in an improvement in
MTBF, these parameters {interval and test window) can eveniually be reduced to the original values

1. If the yse of asmaller failure-free interval and test window resultyin 3 deteriorated MTBF,
these parameters {interval and test window) can be in¢reased to the ariginal values,

m Thisiterative procedure can be repeated as the test proceeds and is especially useful for
equipment with large production runs,

46 Sequenual test plans The sequential test plans are based on the assumption that the underlying
distrbution of umes-between-faillures s exponential. A set of standard PRST have found wioe apphicabibity
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i lng tesung  electruan equipment ‘o hasic test plans (-0 through VI-D) are provided. The true decisio-
riaks ang disgaaunation ratros (d) for these are:

restPlan __Nuernsks Discnminationratio

o £ d

I-D 1S 125 1.5

"n-o 227 23.2 1.5

iii-D 72 8 i2.8 20
iv-D 22.3 225 2.

V-D na 109 3.0

vi-D 18.2 19.2 3.0

In additio.: wo short-run high-risk test plans (VII-D and V1HI-D) are provided. These test plans can be used on
programs 1 which test time must be curtailed as a result of overriding schedule and cost factors. The true
decision riv* s and discrimination ratios fur these plans are:

Test Plan True risks Discrimination ratio
a 8 d
vii-D 31.2 328 ts
VIn-D 29.3 299 20

The ac. ept-reject citeria for the standard sequential test plans are shown graphically and in tabular form
along wit'vthe corresponding operating characteristic {OC) curves and the expected test time curves which
are bai.d on assumed values of true MTEF  All of these data are grouped by test planin FIGURES 9
throun'. 16. A procedure for computing uppe- and iower confidence limits on MTBF for tests which are
termi ted by acceplance or rejection is also provided in Reference 7. Finclly, the Program Manager's
assess entdescribed in 4.6.8 provides 2 means 1o assess the effective consumer’s risk at any point inume
iy a sequential test.

1.6.1 Symbols. The symbols used in the equations of 4.6 are:
a = producerisrisk

B = consumer’srisk

6 = lowertest MTBF
8_ = uppertest MTBF

r = accumulated failuresin time (1)

o = failures at truncation

'I‘(J = truncation time
t, = standardized acceptance time
t,, = standardized rejection time

20
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0}_,(7’.!') = slandardized upper confidence imits

6‘;-(7, 5= standardized lower confidente imity

B,(Y.) = vpper confidence limit

8,(7.) lower confidence limit

4.6.2 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 bath the producer and the consumer
are willing 10 accept relatively high decision risks. PRST plans will accept material with a high MTBF or reject
material with a very low MTBF more quickly than fixed-duration test pians having similar risks and
discrimination ratios. Total test time may vary significantly: therefore, program cost and schedule must be
planned to truncation. The Program Manager's assessment in 4.6.8 provides a means 1o assess the effective
consumer’s risk a1 any point in ime during a sequential test.

4.6.3 Theoretical background. The concept of sequential 1ests was developed by {. Wald (see
Reference B) and B. Epstein (see Reference 9), and is also discussed by 1. Bazovsky (see Reference 10). For an
exponential equipment with an unknown MTEBF of (#), the probabitity of failing (r) times in an accumutated

operating time {t) is:

The sequential test must prove that (@) is at least equal to or greater than the lower test MTBF (£,) (f the
true MTBF is exaclly equal to the iower test MTBF the probability of failing (r) times in the operating time (1)

(194

-uel

ror=(5: ) (=)

in order to structure the sequential test an upper test MTBF, (o), must also be selected. If the equipments
MTBF were equal to (fp) the probability of {r) failures in the interval (1) would be:

» \ . ~=078n
(4

rn=(5 ) (=)

0

Now form the probability ratio:

6

Pirle —— =

P, r) (e
Pir)

H ) ,-“'”1 l_(wullt
0
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Tins ;alic 1y Lo aputed continuowsly du ing the test and compared to two predetermined constants {A) and
{B), Ls.ng the decision rules of a through ¢

s U P(r) becomes < B, accept and stop testing
t-  1f P(r) becomes > A, reject and stop tesuing
« B < P(r) < A, continue testing

The constants {~) and (B} are:

(1 —fXd+1)
A g —mm———
2ad

B P

—
e

where.

n -~ groducer’s risk

B = consumer’srisk

d = discrimination ratio

The graphical sequential test procedure is derived as follows:
The term for (A) contatns the correction factor (1 + d)/2d which s 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 Luncation The original sequential test derivations do not account for the effect of
truncation gn the risks

Starting with

fﬂn\" . _
hat =0~
< ———
B (01) ° 1 0 "< A

Take the natural logarrthms.

inB < rln(UOIBll + (IIGU - IIOlM <in A
Transform this inequality by dividing atl terms by In (§5/§:) atier adding (178, - V/@p)t 1o each term. This
results in:
InB (110, - 1/8,) InA (110, ~ 1/8,)
+ < r < +
in (DOIGI, in(0/0) in1040)) ln(Gc{O')

As long as the numerical value of {r) 1s between the vaiues 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 detsion When
(r) becomes equal 10 or greater than the right side, the test terminates in a reject deaision. The expressions
on both sides of the inequality are equations of two parallel straight lines; thus, the inequality can be
written as:

a+b1<r <+ bt
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When these two lines are plotted on graph paper with (t) (cumulative 1est ume} as the absaissa and (r)
(number of farlures) as Lthe ordinaie, the constlants {(a and ¢) are the intercepts of these lines with the ordinate

and (b) is the slope
The numerical computation ol a, ¢, and b s given by:

inh

a=l oonal
ll"l\ol Il

InA
C=
in (90191)
(IIO, - IIBel
in(O({Gll

From this, the two parallel lines can be plotted on graph paperin an {r - 1) coordinate system. By drawi'ng a
horizontal hine at{r = rg) and a vertical line at (1 = Tpj, 1he testis wruncated

4.6.4 Tesitruncation Theseguentia! tests provided in this handbook are all truncated lests because
of the practical requirements of real-world test programs. The method for truncating a sequential test was
developed in the paper writlen by B Epstein and M. Sobe! (see Reference 9).

ba
-
X}
~
(=]

where X{1.a}. 20 andxz_ 2: are the chi-square variables with (2r) degrees of freedom  Tables of 1he chi-
square distribution ¢can be found in Reference 11. These two values are found by simultaneously searching
the {1 - a ) and B probabilities of the chi-square tabies until the ratio oi the vanabies is equai to, or greater
than, §,/8; When this pointis found, the degrees of freedom are set equal to (2r) The value of [r) 1s always

rounded 1o the nexl highest integer

Thig value is {rg). From this, the maxmum time (Tg) can be found.
2
oox 1-u 2
I'U = 2

4.6.5 Seguential test example. A PRST plan may be generated analytically for any given (g}, (8).
( 8,). and (#g). The procedure 13 strarght forward and can be easify impiemented with a hand-hetd
calculator. For example, given the {ollowing input data:

(V]

a= 0.10
p= 0.10
g = 100hours

= 200 hours
Ou ur

Determine the discriminauen ralio, accept-reject criteria, truncation pamnts, and the siope and ordinate
intercepts 0f the test plan curves Plot the test plan. The solution proceeds as specitied tna throughe:
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N . 00 200
a. Discriminationratio = (= — = =—— = 2
Ul 160
(d+1)(1 - 1-0.1
b.  A. X I31=t2+1)( 0.10) - 6.75
2ad 2(2)(0.10)
0.10
C. B = B -=0.111

l-a 1-0.10

d. Compute the points of truncation as follows: Search the chi-square tables at the upper
confidence (1 ~ a) and {8} upper percentage points until a point is reached at which:

2
xll—n);'_’r 9l
2 0
xﬁiﬁr o
or,
2
xﬂ.9;2r
— 205
xo.l;2r

This point occurs at 29 degrees of freedom where:

2
Xos.2, 19.763
2 39.087
xO.I;!r 9.08

therefore:
2r = 29
f = 14.5
o= 15failures
and since;
2
T eﬂx {)-a);%r
0= 2
200(20.6)
0T T g

TO = 2060 hours

The test, therefore, should not last longer than 15 failures, or 2060 hours.
e. Determine the slope and ordinate intercepts of the two parallel straight lines:

inB In 0.111 -2.198

a= = = -3-‘7
ln(OOIOII in?2 0.693
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(10, ~ 100 (0.01 - 0.005)

- = 0.00721
Intd f0)) In2

in A in6.75 1.910

= = = = 2.75
{n(08,) in2 0.683

These values are plotted in FIGURESB.

4.6.6 Standard PRST accepi-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-0D
through VIII-D. The OC curves plot values of probability of acceplance versus the true MTBF expressed in

multiples of (§,} and (#p). The ETT curve piols vaiues of expected Lest Lime versus ime MTBF expressed in
multiples of (§,) and (#o).

4.6 7 Confidence hmits for sequential tests This method for estimating confidence limits can be used
to estimate the confidence imits on MTEF at the completion of the sequential tests described in Test Plans
1-O through Vill-D. Tables of confidence limits on the true MTBF are given in TABLES 9A and 98 and 10A
and 10B Acceptlance can occur only at discrete times, while rejection ¢an occur at any time after the
requtred number of farlures has occurred Therefore, confidence limits after acceptance and rejection must
be computed separately. TABLES 9A and 98 present confidence limits at acceptance and TABLES 10A and
108 present conilidence limits at rejection. Define (1,,) @s the standardized acceptance lime, so that an
equipments accepted if not more than (i) failures occur in (14, 1) hours. Define (1g,} as the standardized
rejection ime_ so that equipmentis rejected if at least (i) failures occur at or before (1g, 1) hours Together,
{la) and (tg,) are the standardized termination times  The actual termination times are obtained by
multiplying the standardized termination umes by .. The standardized lower test MTEBF is assumed 10

equal 1,

46.7.1 Confidence limits at acceptance, TABLE 9A presents conservative {1 - Y1 100 percent
standardized lower configence limuts (§/( Y.} and ({1 =) 100 percent standardized upper confidence himits
{8,(7.1)) on the MTBF for all tests terminated by an accept decision using Test Plans 1-D through VilI-D tor
Y=75,.3.2..1,.05 Aconservative iwo-uded (1 - 2Y) 100 percent standardized confidence interval s
LY.L BLLY.I) Actual limits and intervals are obtained by mulliplying (§1(Y.i)) and (8,(Y.1)) by the lower

test MTBF (@) Thatis:

] . ' .
GL{'Y.fJ ':8101.(7'”
F I "
OU (Y.} =UlUU Y.0

4.67.1.1 Exampie  black box X The followgng example is based on a production reliability
acceptlance test ol a black box X for an aircraft. The example can be stated as follows:

The Government agrees 10 accept a3 monthly production tot of 40 units with probability 1 - a = 0.8, if the
true MTBF § = 100 hours and will reject the iot with probability 1 ~ 8 = 0.8, if the true MTBF §, = S0
hours The designated risks are thus @ = 8 = 0.2, and the discrimination ratio (d) = 100/50 = 2.
Consequently, Test Plan [V-D must be used. The required minimum sample size is three units From
FIGURE 12, the lotis accepted with D Tailures aher 14 &1 = 2.Bx 50 hours = 140 hours, or with | {ailure afier
ta1#: = 618 xS0 hours = 209 hours, and so on, since tap = 2.8, tay = &.18, and so forth, are the
1NE 1851, INErefore, sNouia NOLIast longer 1Nan 1> fadures, or ZUbU hours. - T
e. Determine the slope and ordinate intercepts of the two parallel siraight lines:

inR in 0.111 -2.198

a-= - = -3.17
In9/0,) In?2 0.693
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Number of failures Reject time Accept ime Actual time
0 - 2.80x50 = 140 -
i - 4.18 x50 = 209 50
2 0.7 x50 = 35 9.58x50 = 279 90
3 2.08x50 = 104 6.96x 50 = 348 120
4 3.46x50 =173 8.34x50 = 417 250
5 4.86 x50 = 243 9.74x 50 = 487 390

This data indicates that the toial accumulated times at 1, 2, 3, 4, and 5 failures do not lead to rejection, and
the lot is accepted with S failures after 9.74 x SO hours = 487 hours total test time (15 = 9.74, therefore

Ta = 9.74 x #,) Suppose that an 80 percent lower confidence limit on the MTBF is desired. First find the
conservative BO percent standardized lower confidence mit G (Y1) = §;(0.2,5) = 1.0459 from the
appropriate entry for Test Plan IV-D.n TABLE SA for Y =0.2 and S failures. A conservative 80 percent lower
confidence mit on the MTBF 15 1.0459 x §; 07 1.0459 x50 = 52.3 hours Similarly, a conservative 80 percer:
upper confidence hmiton the MTBF from TABLESB is 0{.( Y.i)x @ = 2.5225x50 = 126.1 hours,

where §,{0.2,5) = 2.5225 comes from TABLE9B for Y=0.2,i = 5.

4.6.7.2 Confidencelimiy at rerection TABLES 10A and 108 present exact (1 =¥) 100 percent

standardized lower confidence 'mas (#7{7.1)) and (1 ~Y) 100 percent standardized upper confidence imits

(BL(7Y.1)) on the MTBF for Test Plans I-D through VII-D terminated by e reiect decision for selected vatues of
the standardized tme (1) and Y =.5,.3,.2,.7,.05. Atest maybe terminaled by a reyect decision at any ume
{t), once a required numbe- of {ailures has occurred. Therefore, itis impossible 10 tabulate confidence lirmits
for all possible oulcomes Use hinear interpo’ation for nantabulated values of standardized (t) where (1)
equals the actual total test ume {7} divided by the lower test MTEF (#:). or inspecial cases, use the X’
distribution for exact imits Consider the case where rejection of equipment occurs atter
{18:) hours of 1o1al test me. If (1) exceeds the smallest value in TABLE 10A, the {1 - Y) 100 percent lower
confidence imit can be calculated as specified in a through ¢

a From TABLE 10A obtain (F{Y.ty)) and (B’ Y.13)) such that {1,} < L < {13} and {t-} 1s the
largest table time less than t and {1;} is the smaliest table Ume greater than t
b Bysmple:nterpolation find:

B,’_W,n - 0;- (Y.Il) + (BL(T.::,! - 0,'- S AMITEE t V=1,

¢. Theactua! {1 - Y) 100 percent lower confidence limit on the MTBF based on a rejection
after (1 ) hours then

OL(T,H =0l01'_(7.!)

1f (1) is smaller than the smaltest value 1n TABLE 10A use the relationship between the X’ and the Poisson
distnbutions tocalculate the {1~ Y) 100 percent standardized lower confidence imit on the MTBF as
foliows:

2
GL('!,!I= 2uxl - y.20

where X, v1.2. 15the {1 -7} 100th percentile of the X’ distribution with {2i) degrees of treedom, and (1) 1
the number of failures which lead to rejection at me (1 §4)
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Then:
B, (Y.)=8, a' (v.0

Similarly calculate a {1 - Y ) 100 percent standardized upper confidence limit { #(,( Y.1})) on MTBF by
interpolation if (t) exceeds the smaliest value in TABLE 10B.

tf tis smaller than the smallest value in TABLE 108, use:

(vn-:mx’

Y.

where X! 3 is the Y 100th percentile of the X’ distribution with (2i) degrees of freedom. A (1-27) 100
percent confudence interval on the MTBF for a test terminated by rejection after (18:) hours s

<918L(Y.l),8l9u( Y.0n>

4.6.7.2.17 Example: black box X Suppose thatinthe previous example failures occurred afier
S0 hours, 90 hours, 120 hours, and 150 hours total test time

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

Number of failures Reject time Accepttime Aclual time
0 - 2.80x50 = 140 -
1 - ' 4.18x 50 = 209 50
2 0.7x50 = 35 5.58x50 = 279 90
3 2.08x50 = 104 6.96 x 50 = 348 120
4 3.46x 50 =173 8.34x 50 = 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 1ot is rejected afier the {ourth failure (that s, 150
hours) since it occurs before tpa x @y = 3.46 x50 = 173 hours. The value tpe = 3.46 is taken from FIGURE 12,
An B0 percent lower confidence limit on the MTBF 1s calculated as specified in a and b:

a. Firstfind §(Y.01=8,(0.2,3) wheret = T/8, = 150/50 = 3. InTABLE 10A,1, = 2.80
with #,(0.2,2.8) = 0.5646 and1; = 3.46 with §(0.2, 3.46) = 0.6644 Using the equationin£.6.7.2 b,
catculate &) (0.2, 3) = 0.595 by interpolation. An B0 percent lower confidence limiton the MTBF given a

rejection ahier 3x#, = 150 hoursts §/ (0.2, 3) x 61 = 0.595 x50 = 29.7 hours
b. Similarly, calculate an 80 percent upper confidence hmit, From TABLE 10B obtain

§1,(0.2.2.8) = 1.5517 and §{0.2, 3.46) = 1.7379, giving #{0.2, 3} = 1.608. An upper confidence hmil on
the MTBF given a rejection after 150 hours s 85{0.2, 3) x &, = 1.608 x 50 = 80.4 hours

4.6.8 Sequentia’ 1esty: Program Manager’s assessment. The Program Manager's assessment provides
ameans for the Government 1o assess the consumer’s risk at any pointin time during a sequential test This
15 especially imporiant in cases where program time and schedule pressures may farce the Pragram Manager
10 consider an early terminatlion of the test
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4.6.t. Prosedure The Program M anagur's assessment (an be implemented using the procedure
wpecifiedir . throughd

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

LB =1l 0
pln =106 ¢ ! 0

wherse.

Bo = upper lest MTBF

6 < lower test MTBF

1
r =number of failures

t =test halt ume
b. Setpir)= (1 -B)/a

wher.

B = consumer’srisk

o =producer’s nsk

¢. Compute the newvalueof 8 = B’ trom the equationinsiep b at the same (a ) level
d. B’ isaneffecuve consumer’srisk at any ume, (1)

This procedure should be used exclusively by the Program Manager. If the test appears to be heading
towards an early reject, the Program Manager should not allow the 1est 10 be halied. if the 1est appears 1o
be leading towards an early acceplance the Program Manager may permii an early acceptance if the value
of consumer’srisk is not sernously increased. The finat decision can only be made after the costs of addiuonal
testing are weighed against the increased risks of early acceptance.

4.7 Fixed-durationtests 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 duralion, consumer’s and producer’s nisk, { #g)and [ #,). See the discussion in Reference 10

4.7.1  Symbols. The following symbols are used i1n the equations defining fixed-duration test plans
discussed in4.7:

T = testterminationtime

k = number of tailures

a = acceptnumber

r = reject number

¢ = c¢onfidence
T, = accepttimeif(j) tailures have occurred 1o that ume
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Four different categories of hxed-duration lests must be considered depending on whether the test s time
1erminated or farlure lermunated, angd whether the 1est s conduciled with or withoul replacement of failed
vhily In the case of lixed-duration, ume-1erminated tests conducled with replacement, the termination
vme, (T}, and the accept {a) and reject {r) numbers, can be determined from two equations:

= (ropte™ ™

tohe k!

k=0+1]

h=r
The right-hand expression of each equation is an upper 1ail cumulative Poisson which can be evaluated with
appropriate tabies {see Relerence 10) or with some programmable pocket calculators. Some Poisson tables
provide only the lower 1ail cumulative terms, in which case the equations may be rewritten as:

o (70 e~ T

_
g iTo k!

-~

r=) (T e ™%

l—-a=

'
iep k!

Nole that the accept {a) number is related 1o the reject () numberby a = ¢ - 110 ensure that the test
reaches a decsion 1n the aliotted test ume. 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 mimimum possible test
time can be found 1n the accept equation by substituting a = 0t and the appropriate values for Band 8.,
However, this value of (T) subsututed in the reject equation, logether with @, andr = 1, will normally yield
avalue of (@) whichs too large, indicating that (T) is too small. The value of (3} is increased by 1, again
solwing for {T) Thrsvalue of (T)and the newr = a + 1 are then substituted in the equation for {a); this
process s repeated unti! the value of (@) is less than, or equal to, the required { a ). The valuesof (T, a,andr)

in this finaf calcuiation constitute the decision ruie for the desired plan.

47.2 Example problem Assumethataplanwitha= g= 0.2andd = 2isrequiredtotest for
&1 = 500 hours. Using the cumulative Poisson table in Reference 11 10 solve the equation for 1 - B with
a=0( -8)=0.80,and §,= 500, avalue of 1.60 or B0 hours is obtained. Substituting T = 800,r = 1,
and = 10000 the equauon for (@) yrelds @ = 0.55. Since thisis 100 large, a1sincreased to 1 {or which Tas

amed & _ 1ANN 1o amiiatimm fnrl m) rey n = NAr

3.0 8 or 1500 hours Using T = 1500 hours, r = 2, and 8= 1000:in the equation for { @) resullsin g = 0.44,
which is still too targe. Continuing this process, itis finally determinedthata = S,r = 6,and T = 2.8 §,, or
3900 hours This will produce an a= 0.2 30 that the 1es1 decisionruleis T = 35300,a = 5,1 = 6, or test for
3900 hours; acceplif 5 orless failures are observed, and reject«l 6 or more failures are observed (see

FIGURE 17)

4.7.3 Standard fixed-duration test plans and OC curves Twelve of the most frequently used or
standard Test Plans IX-D 1o XVII-D and XI1X-D to XXI-D are summarized in TABLES 11 and 12, respecuively
These ptans provide a considerable range of alternatives for Lest construction. The carresponding OC curves
are snown in FIGURES 23 10 34. The Poisson formula {or computing the OC curves is repeated below:

r=1 gk
. {70 _ 4
Py = N —_— T
k= k'
where

P(d) = propability of accepting ems with an MT8F of &
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"

crinical (reject) numper of fadures

T test termination iume

The gquantity (r) is determined so that:
P@)=1-a and/FPO Jzp

&.7.4 Aliernative fised-duration tesi plans. The alternative plans provide a comprehensive set of
fixed-duration plans for 10 percent, 20percem and 30 percent consumer's risk { 8), covering a wide range of
testtimes. These plans are presenied in FIGURES 18 through 20

4.7.4.1 Derivation of alternative plans. Inorder to derive a fixed-duration test plan lrom these
figures, choose the consumer's risk (8) and turn to the appropriate figure (FIGURE 18 for 10 percent
consumer’s risk, for example). Based on the test tume available, select the test criteria which best 2pply 10 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 ot the lower test MTBF is desired In FIGURE 18, under column heading the TOTAL TEST TIME
(T) (muitiples of §:), find the rest time closest 10 9.3 which does not exceed it In this case, the test lime

would be 9.27 multiples of 1 8.1 Raading acrows the row fnrrnl.nnnr'hnn 10 9.27, the 18¢t plan number i 10-6

{ £}, Reading across the row correspondin 109, 1est plar Y
This test plan will accept equipmentif 5 or less failures occur during 1he 5.27«x 81 hours of testing 1t wli
reject the equipment if 6 or more failures occur during that period  The row also defines the worst case
(accept with 5 failures) acceplable observed MTEBF ‘ﬂ), which for Test Plan 10-615 1.55 multiples ol ( )
The discrimination ratios corresponding to producer's nsks of 10 percent, 20 percent, and 30 percent are
provided in the last three columns Again, inthe case of Test Plan 10-6 for a producer’srisk of 30 percert,
the discrimination rauo s 2.05:1. Simularly, for a producer’s risk of 10 percent, the discriminauon ratioas
2.94:1. The procuring activitly shauld select test plans from these tablesifitis felt that such atest plans
more appropriale than the standard plans

e BN ATOEC ~a o P YT
4.7.5 MTBFesumation from observed test data When the protuning activity must have a statstical

basis for determining contractual comphance, and a basis for estimating the field service MTBF values, a
fixed-duration test ptan must be used. Where required, ali agencies conducting reliability tests under 1he
provisions of this handbool should provide the procuning aclivity with current values of demonstrated MTEBF
(#)ineachrequired test report

4 7.6 Exciusion of hypatheus test values Since they are assumptions rather than test results, neither
the upper test MTBF ( §g) nor the lower test MTEBF ( #1} ol any test plan can be used 10 estimate
demonsirated MTBF The demonstraled MTBF (§) must be calculated from demonstrated test results
Producer’s risk (@) and consumer’s nisk { 8) are excluded from these calculations since they refer to the

probabuhly of passi ng or 1a||mg the test rather than to the prababie range of true MTBF demonsirated
during the test. However, the test parameter values ( §5.8:.a. B ) should be provided

4.7.7 Specified confidence interval (norder to abtain an inerval estimate of the demonstrated
MTBF, the procuring activily must specify the confidence interval. The confidence interval is equal to

(100 - 28) percent. For example, given 8 equals 10 percent, the confidence interval equals 100-(2}{10), which
equals 80 percent.

4.7.8 MTBF estimation from fraed-duration test ptans. When a fixed-duration test plan is specified.
aninterval estimate of the demonstrated MTEF of the test sample can be estimated within the specified
confidence interval. When a lest repan is due, 1he activity conducting the test should estimate the MTBF
and confidence interval using the procedures specifrtedin 4.7.8.1 through 8.7.8.2.1.

4781 MTBF estimation at {ailure occurrence This estimation can be made when a testisin process
or has terminated in a reject decision The procedure 1s asspeacified ina throughe.

w
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A
a. Catcu'ate the observed MTBF (#) by dividing the total operating time of the equipment
al the occurrence of the most recent chargeable failure by the number of chargeable failures
b. Enter TABLE 13 or FIGURE 21 with tota! failures and the specified confidence interval.

Read the lower and upper conf{idence multipler for that number of failures.

¢. Muluply observed MTBF (@) calcutated by step a by both the upper and lower confidence
limit mulupliers to oblain the lower and upper demonstrated MTBF values.

d. Record demonstrated MTBF as the specified percentage of confidence, followed by the

lower and upper MTBF values in parenthesis: 9 = XX percent {lower imit MTBF, upper limit MTBF) MTBF
values should be rounded off (o the nearest whele number,

e. (fthe values are not available in TABLE 13 or FIGURE 21, then the correct values can be
obtained by computation as foliows:

MTBF multiplier = 2r lower limits
2
x(l-—clﬂ;b
= 2r upper limits
o
xiH—clﬂ;Zt

where:
r= number of failures

X2= chi-square distribution

¢ = confidence interval (percent per100)

4.7.8.1.1 Example a1 failure occurrence. The specified confidence interval is 80 percent; therefore
(1 +c)2=09and (i~ o2 = 0.1. The seventh failure occurs at B20 hours total test time. Therefore,
observed MTBF (0) is 117.14 hours. Enter TABLE 13 {or FIGURE 21) with seven faiiures and the 50 pércent
upper and lower limits and find the lower limit multiplier of 0.665 and an upper himil multipher of 1.797.
The product of these multipliers with the observed MTBF yields a tawer limit MT8F of 77.9 hours and an
upper limit MTBF of 210.5 hours There is an 80 percent probability that the true MTBF will be bounded by
this interval. There is also a 90 percent probability that the true MTEF of the sample equipment s equal to of
greater than 77.9 hours, and a 90 percent probability that itis equal to or less than 210.5 hours
Demonstrated MTEF at this paint in the test will be reported as: # = B0 percent (78/211) hours:

4.7.8.2 MTRBF eslimation at acceprance. The calculation of a through e shou!d be made when the
test is terminated in an accept decision.

a. Calculate the observed MTBF (ﬁ) by dividing the 1o1al operating time of the equipment
by the number of chargeable failures

b. Enter TABLE 14 or FIGURE 21 with tota! failures and the specified confidence interval.
Read out the lower and upper conhidence mulpipliers for that number of failures.

¢. Multiply obsarved MTBF (A) (calculated in 2 ) by both the upper and lower confidence
multipliers to obtain the lower and upper demonstrated MTBF values.

d. Record demonsirated MTBF as the specified percentage of confidence followed by the
lower and upper MTBF values in parenthesis: & = XX percent (iower limit MTBF, upper limit MTBF). MTBF
values will be rounded off to the nearest whote number.

e. !f the values are not available in TABLE 14 or FIGURE 21, then the correct vaiues can be

(¥ Y]
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~ired by computation as follows

MTBF muluplier = 2r lower limits
2
=il 2re
= 2r upper limits
2
xll + )22

where,

number of failures

.,
[}

x?

¢ = confidence interva! (percent per100)

chi-square distributon

4.7.8.2.1 Example alaccepiance Thespecified confidence interval is 80 percent. The testreached
ar accept decision after 320 hours of testing with seven failures occurring during that period. Therefore, the
observed MTBF (§) 5 131 hours Enter TABLE 14 with seven failures and the 90 percent upper and lower
limits and find the a lower limit muluphier of 0.595 and an upper limit muluplier of 1.797. The product of
these multipliers with the observed MTBF (#) yields a lower imit MTBF of 78.2 hours and an upper Irmit
NITBF of 236 hours, There s an B0 percent probability that the true MTBF is bounded by thisinterval There
also s 2 90 percent probabiisty that true MTBF of the sample equipment is equal 1o or greater than 78 hours,
and 3 90 percent probability thatitis equal to or less than 236 hours The demonstraled MTBF at the end of
the test will be reponed as & = 80 percent (78/236) hours

479 Projecuonof expecied fieid MTBF The contractor (or test agency, if other than the contracior)
should be responsible for prowiding demonstrated MTBF under test conditions. The procuring activily
should be responsible for projecuing expected MTBF under field service conditions. This responsibility can be
delegated 10 the contracior (or test acuvity, if other than the contractor ) when so specified in the contract

4 7.10 Fixed-duration tests: Program Manager's assessment. The standard fixed-duration test plans
are characterized by their discrimination ratio {d), tolal test ume (T), and maximum allowable number of
failures to accept (k). If a fixed-duration test plan s selected, the total test duration is setin advance The
only way these plans ¢an terminate early is by rejection For example, Test Plan XVH-D terminates with a
reject decision at the thirg faslure if this failure occurs before 4.3 urits of total test time  An acceptdeasion
¢an only be made when £.3 units of (013! test ime have been completed  Evenif the second failure occurs
very early, an early reject decision cannol be made; nor can an early accept decision be made if no failures
have occurred, for example, by 4.0 unrts of total test ume in both of these situations, an early decision
would lack statistical validity by failing 1o guarantee the OC of the selected plan Also, an early reject
decision by the consumer would probably violate contraclual agreements with the producer. However, an
early accep! decision by the consumer would not be subject to such an objection Such a decision might
appear 10 be very desirable 10 the consumer {Government) if 1est costs were high or if schedule deadlines
were approaching. Modifications 10 the standard frxed-durauon test plans which allow early accept
decisions to be made without sacrificing stauistical validity {see Reference 12) are provided in 4.7.10.1
through 4.7.10.3. The proposed plany differ from the probabllity ratio sequential tests in this handbook in

P

inat re,ecuon 19 permnueu oniy after a fixed number of faiiures have been obierved.

47101 Accepttimes The accepl times (T} of the Program Manager's assessment are tabulated in
TABLE 15inmultiplesof (§,) Acceplance occurs nf not more than {j) failures have occurred o that ime

2.7.10.2 Compansonwithstandard fixed-duration tests TABLE 161ndicates how the consumer’s
and producer’s risks are mod i fied by the Program Manager’s assessment fixed-duration tests TABLE 17
compares Lhe maximum test times and number of farlures 1o reject

(¥ ¥]
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4.7.10.3 OCcurves FIGURES 22 through 34 provide curves of expected test duration versus true
MTBF lor the Program Manager's assessment fixed-duralion tests.

4.8 All-Egyipment Production Reliability Acceptance Test Plan. The basic All-Equipment Production
Reliability Acceptance Test Plan {Test Plan XViII-D) should be used when all units of production equipment
{or preproduction equipment, if required by the pracuring activily} must undergo a refiability iot acceptance
test The piandepicied in FIGURE 35 includes a reject line and a boundary line. Bothlines may extend as {ar
as necessary 10 cover the total test ume required for the production run. The reject and boundary ine
equations are the same respectively as those for the reject and accept lines of Sequential Test Plan 1I-D The
equation of the reject line is fa = 0.727 + 2.50 where {T) is cumulative 1est time in multiples of { &), and ()
is the cumulative number of failures. The plotting ordinate is for failures and the abscissa is for mutuptes of
{ 8 1), the lower test MTBF. The boundary line is 5.67 failures below and paraile! to the reject line. The
equationis fg = 0.72T - 3.7, FIGURE 36 presents the OC curves.

4.81 Tesiduration. The test duration for each equipment shou!d be specified in the 1est procedure
and approved by the procuring aclinity. Unless otherwise specified by the procuring activity, the maximum
duration should be S0 hours and the minimum duration should be 20 hours where time is counted 1o the

next higher integra! number of complete test cyctes if a failure occurs in the last test cycle, the umit should
be repaired and another complete test cycle run 10 verily the repair,

4.8 2 Evaluation. When Test Plan XVIII-D is used, all production units shouid be subjected to the
environmental test condiugns in the approved test procedure. Cumglative equipment operating ume and
equipment faiiures should be recorded, plotied on the chart of the 1est plan, and evaluated 1n accordance

with the criteria of FIGURE 35 and 4.8.3 through 4.8.3.3.

4.83 Accepr-rejecteriteria for the all-equipment test Accept-reject criteria for the ali-egaipment
testis stated in 4.8.3.1 through 4.8.3.3.

4831 Acceptance If the specified 1es1 ume is completed without reaching the reject iine, all of the
equipment which the lot under test comprises are considered 10 be acceptable, provided that each
equipment conforms 10 the specified normal performance acceptance test criteria.

4.8.3.2 Releclion If aplot of failures-versus-time reaches or ¢rosses the reject hine, the equipment
lotunder 1est1s no longer acceptable. The test shouid then be terminated and corrective action undertaken

4.8 3.3 Reaching the boundary line. H the plot of failures-versus-time c¢rosses below the boundary
line and the nextl failure point s alleast one {ailure interva! below the boundary line, the plot should be
brought verucally up to the boundary hine. If the failure paunt ig less than one failure interva! below the
boundary line, the plot should be brought vertically up one failure interval, crossing the boundary line Thig
is equivalent 1o censoring test time as necessary at each failure in order to maintamn a failure plot without
crosung the boundary line. Therafore, the 1est time olot will not represent true accumulated test me Al
test ume should be recorded in the test log 1o maintain the capability to determine true accumulaled test
Lime Anaccurate or true plot of accumulated test time and failures should be maintained on the same charnt
by conunuing the plotinto the region beyond the boundary line. In order 1o maintain the proper reject
criteria, the first failure occurring after the boundary line 15 crossed shou!d be shified vertically 1o the
boundary hne 10 sian a second plot [Ootied line} within the accept and continue testregion, if Tallures socur
often enough. if another failure does not occur for an extended period of time, there would be no second

gary hl e

plot and the original true plot should be conuinued. The next {aillure should be plotted on the boundary
directly above the true plotted point {({ailure 7 of FIGURE 36). When several failures occur inrapid
succession, the second plol (dotted hine with failures verucally spaced at exact single failure intervals) would
reach the reject line, and testing would be terminated and corrective acuon undertaken Atter the
approved corrective action)s completed, the testing should be resumed and the true plot continued The
cumulative number of failures and time shown by the true piot would be read directly from the failure and

ume scales The failures plotled on or above the boundary line afier the tme plot crossed the boundary line

33
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must be labeled since the number could not be read from the ordinate After a reject occurs and corrective
acuonis approvec, the true plot should be returned 10 the boundary line. Contrnue the true plotir real
tme, and sequentally number the subsequent failures as shown on laiture 16 o! FIGURE 36

4 8.4 Additional ali-equipment production reliability acceptance 1est 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 ptan, FIGURES 37
through 44 provide all-equipment test plans which correspond 10 the PRST plans givenin 4.6 (Test Plans I-D
through Vili-D). The accept and reject lines of the cequential tests do not follow the original Wald formulae
{see Reference B). 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. ILis felt the original Wald formulae (see
Reference 8) which were computed without conmsidening inincatian, are more appropriaie for the all-
equipment plans,

4.9 Reliability estimates from unit-level results A step-by-step summary of the procedure which can
be uted to comhbine test data from fixed-duration tecstc or a PRST it pravided in 4.9.1 and 4.9.2. The

e used 1o cor test data ixed-duration tests o 1s pravided
techruque is called the approximately optimum {AQ) method and is described in greater getaii in Reierences
13,14, and 15.

491 Caleulation method The calculation procedure used in the AO method is as specified ina
throughe.

3. Step ). Verify method requirements The conformance 1o the requirements of 1
through 5 should be verified Any violations will affect the opumalily of the method.
he procedure was derived for senies subs
that all subsystems are essential to system operation.

2. Subsystems should each exhibit exponential fallure distnbutions.

3. Subsystems should be statistically independent; that s, the failure of any one subsystem
will notinduce a lailure of another subsystem. In addition, there should be no appreciable failure rates due
1o interfaces (hydraulics, cabling, fixtures, and so farth).

4 Each subsysiem must have been 1ested separately untli at least one failure was
observed. All tesis must have been terminated at a failure. !f the tests were truncated afier a given tume,
discard all the survival time aher the last failure of each subsystem . If one or more subsystems have no
faitures, see 4.9.6.

5. The time 1o failure for each subsystem must be known

b. Step 2. Initial calculations. Calculate and verify the 1otal number of subsystems tested, the
1otal number of failures of each subsystem, and the total time on test for each subsystem.
¢. Step 3: Parameter calculation. Calculate (m) and (v} using the following formulae:

-
.

m = 5 Wr —1VZ 1+ 2>}

ih
J—'

=
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{v) are as foligws:

[ /n

. y=1
Hrl_— 1 ll.éll+A‘“
)

-~
n

3 | 1 2 2 1
= + + + + +
9.919 15.966  26.897 26.511 62.439 9.919

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

=0.6103
A
SN e w2 -2
1 1—“'; l!/l}!uf!;m
1=1
3 I 1 2 2 ]

= + + + + +
98.387 255.872 723.449 702.833 3898.63 9B.387
= 0.305 ~ 0.0039 + 0.0014 + 0,0028 + 0.0005 + 0.0102

= 0.0493
Therefore:
m = 06103
v = 0.0493

Atthis ume it 15 necessary to decide upon the level of confidence (1 - a), level of significance ( @), with
which the iower bound will be obiained:
Assume Tirst that a leve! of confidence of 75 percent tlhat i3, our estimated lower system reliability boundj
wiilin fact be below the real sysiem reliability value atieast 75 percent of the time given the 101al imes on
lest (7)) £ € nobtained herein. For this case, we look up the 751h percentile, np - @) 10 astatsucal wable
for the siandardized nofma! Jistnbution and obiain:

n._.=0.68

i

Assuming that the specified mission time for the whole system is §p = 1000 hours {or tm, = 1.0). we calculate
the AQ rehiability bound as follows:

forng gy = 0.68, thats, a= 0.25and t,, = 1.0 {mission time)
-

v T YVys
}{_“ }=a-p - xm{l__:.;f_.)
- o= Voom \ 9m? im i

W

ap(-1.0 X 0.6103 (1 ~0.0493/91(0.6103)7 + 0.68V0.0493/3 (0.6103)%)

apl-0.61031(1 — 0.0147 + 0.68 (0.2220}/1.8309 1°)

#

ap|-0.6103 x 1.06787)

I

"

expf-0.7430]

s
= U410
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Another sysiem rehabitity bound which will be below the real system reliability value only 50 percent of 1he
time ¢an be walculated as before, but now use, instead, the 50th percentile in a standard:zed norma!
distribution table. This valueis, of course, zero This bound will be larger than the previous one since it wi'l
bound the real system rehiabilily value 2 smaller percentage of the times. 1t is obtained by repeating the
pracedure already described with the same parameters (m) and (v}, since itis for the same system, and the
same mission time {in), since requirements for { §p) have nol changed, and with the new percentile (n) :

far:

nfl-u; - O'DI ‘ha‘u. a= 0-5, 'M e I_D
R (¢t )=exp|-0.6103(1 ~ 0.0493/9(0.6103F" + 0.0 V0.0493/3(0.6103)°}

= expl--0.6103 (1 — 0.0147 + 0)°)

= exp(—0.6103 X 0.9853°

=exp|-0.5838)

=0.558

rawe nf nnlv nne faillure 1N tame wihsuctamisy Cancdarinao tha farmulae
218 O only pne iaiureé 1n tome Lub cenngl 1

_ ~Ar tho
sytiemis) Long ngigrmusat 1or 1

4Q1 Tho
parameters {m) and (v}, we ¢an easily conclude that for every subsystem (j} with only one observed {aiture
(thatis, -1 =0)the information provided by this subsystem 10 the reliability bound is zero {that s,
{r,— 12, = 0). Thats, no matier what time a failure owcuried in subsystem {3}, the term {r, - 1)/Z, vanishes in
1the equations for {m) and (v) and has no impact on the calculation of the AG reliabulity bound (Rs(tm)). This
was particulariy critical in the original version of (m) and (v), (see Reference 13, Table 2, Formula 1), and
created a2 need for the adaptive procedure Formula 1 refers 1o the special case where only one faillure s

observed during the 1esuing of all subsystems integraung the system. The main problem with Formula 115
that, whenr = 1 for 1 <j <n, the term:

Nt 1yz*
-_— T ; 0

N <ayz? €
e J 2z

which is indeterminate (that is, when each subsystem has expernienced 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 ane, this situation does not arise, Infact,ifr, = 1,1 <j <n, thenm

= 2yandv = Z, are still well
defined. We can appretiate also the importance of renaming the subsystem with the smallest to1al time on

test among all subsystems under consideration, as 2,. for this special case, take the same numernical example
presented in 4.9.2 and modified as foliows:

Subsystem 1 Subsysiem 2 Subsysiem 3

ty = 0.619 1y = 1146 1y = 2.6897
12 = 0.7 1; = 1.65

13 = 0.9

tg = 1.1

Z, = 9919 Z; = 1599 23y = 26.897
ny; =10 n; =10 ny =10

ry =4 ry =2 rg =
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where.
observed number of farlures for subsystem |

-.
1]

Z, = total tme on test for subsystem
Z(1y = 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 (1) to which the bound will

apply.
d. Step4: AO calcutation. Calculate the AO system reliability bound using the following

formula:
. v t) a}‘/:; 2

RUu Jzap|-t xm|]l-— +

-5 M ~ 9"!2 3"'!
where:

Rtm) = AOsystem reliability bound

i, = missiontime
m,v = parameterscalculatedinc(siep3)

np.g = (1= a)ithpercentile point from the standardized normal distribution

{t-a) = requiredconfidence
Repeat d (step &) for as many different confidence levels as are required using the same (m, v) This

A ow vy Lx owamomosd [ . ) Mo CAADTD AR s e cm e §r o o [Py s o mmmare - -
\U”lpuldllull Iy u:auuy HPErsImiey Uy g TUR I RAAN pIOgram llhl.'l'lg II'l H : Q i s way senuuvuyd y 2%

may be performed
e Step5: Calculate failure rate bound. An upper bound for the total system failyre rate,

may be found directly from the AO reliability bound.

First, the system failure rate is estimated by:

4

] &
0= X ¢- e

;e l =1l

where:

$; = system failure rate estimate

¢, = ithsubsystem failure rate estimate

€, = ithsubsystem MTBF estimate( = 1/ @)

MTBF = mean-time-between-failures

and wharathol A Ymavharamnutad fram-
SIS EWIIRTN MR Y W VY LT LI UATY T,

Then, the upper bound on this failure rate is given by:

A
]
¢. = —In H.umllum
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where,

Q = . amod VWL rs
Q\ UPPET GOWng O e 3ysueim

1

5
n

natural logarithm function

4.9.2 Numerica! enamples. Numerical esamples have been developed toillustrate the application of
the AD approach and the verification of the model requirements A complete development from the data
collection and reduction phase 1o the ¢(alculation of the desired AD bound will be presented.

Assume that the system cannot be 1ested 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 10 a reduted number (for
example, 10) of each subsystem (thatis, nj = 10, 1 5] 55}, 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.{ #). of 1000
hours and that all the times-to-failure of 1the 1em will be converted into units of this upper test MTBF by
dwviding the fife of all failed items by {§p) This is a converience, not a requirement, for Lthe correct
implementiation of this methodology

Assume that for the example system we have actually abserved the failure times (1), expressed in umits of

{ o) listed nTABLE 18 For example, for Subsystem 1 there were {ny) = 10 unitssimultaneously put on test
and the first four tailures occurred, respectively, at standarized umes (1,} 0f 0.619,0.7, 09, and 1.1 {for = 1
2,3, 8)inunits of { o) (thatis, a1 615, 700, 900, and 1100 actual hfe hours) The Lest for Subsystem 1 was
stopped at the time of the fourth failure, 1100 actua! life hours, and the total time on test for Subsystem 115
recorded as:

.

4
zZ = Y +00-4
— 4
1=
= 0619 + 0.7 + 09 41,1 + {6x1.1)
= 9919 :inumtsof ( #p)
The total times on t1est (Z,), tor subsystems| = 2, 3,4, and 5, were calculated in the same manner and

tabulated in TABLE 18.

Subsystem 1 yielded the smallest total time on test. Ingeneral, at this stage, an inspection should be made
and the subsystem with the smaltest tolal ime on test (regardiess of total number of units, on test or falied)

shr\l |'Id he 're{c'rded and ranamar ac €

) salesect o 1 kanrs it v v sanll S
new S TEHaTITW 4 SUCHYIWEN 1. RN, W

tal ime on test will now become {Z(])} This
stepis crucial since the ordering of the smaliest total time on test as anything other than (Z;,)} will change
the value of the lower bound Anexamp!e of an error of this type is provided in 4.9.5. Once data collection
and reduction s performed, the AQ procedure can be used to obiain a lower bound, for the reliability of the
entire system. In order to calculate the AQ system reliability bound, use:

my VB o

(4] -
RiU =& |-:>< (1- + )
—a m P m m 9n12 3m

First calculate the parameters (m) and (v) For the data appearing in TABLE 18, the caicutations for (m) ang
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The system 1s now composed only of Subsystems 1, 2 and 3, with Lhe same number of failures and failure
umes for Subsystems 1 and 2 as befare. However, Subsystem 3 now has only one failure at the truncation
time, 2.6897, in units of { @g) (1hat s, the test was stopped at the ume of the first failure).

Calculations of (m) and {v} are:

I 4
" -1
me= . (rJ_lvzcn‘

2=1

4-1) (2-1) (1-1) 1
= + + +
9.919 15996 26.887 9.919

=0.3024 +0.0625+0.0+0,1008
=0.4657

]
v= D (r —1z2+27
1

i

Y

(q-1) (2-1 {1-1) 3
= + + +
98.38B7 255.872 723.449 98.387

=0.0305+0.0035 +0.0102

=0.0446

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

Vo

n p)
Rt )=r.rp|-r )-'.m(l-—u-+-—‘—l—-—‘-’-!-—)
-8 m m 9m2 'am

fort =1.0 andn 0, thatis,a=0.5
m (1=a)

R ()= expl ~0.4657(1 —0.0446/9(0.4657) +0.01°)
= expl0.4657(1 - 0.0228)°)

= apl -0.4657%0.9772°)
wexp| -0.4345)

=0.6476

T calculate the lower confidence bound for a level of significance of 75 percent, apply the procedure used
10 calculate a SO percent lower system reliability bound That is, for the 75th percentile,
n gy = Npys = 0.68, we have:

forty, = 1.0and n;;_g = 0.68, thatis, a=0.25

wJl
Vel
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R ‘2 dmerpf=0.465 /01 - 0.0416/910.4657)7 +0.68/0.0456/3(0.46571°)
~epl ~0.4657T{1 - 0.0228 + 0.1436/1.3971)

= expl —0.4657 X 1.0800°%}
= exp| —0.586¢

=0.5562

494 An estimator of the failure rate upper bound. Often, reliabitily engineers are interested in the
estimated system failure rate (¢ ) as well as in the estimated reliability (R,(tm)} of the system, given a mission
time (1)

TER NS

Assuming that &' the conditions are met and foilowing the notation of Reference 13:

n n
_ > 07!
¢. i —t ¢J= M— J
I BT
where.
¢; = jthsubsysiem failure rate i
€. = jthsubsysiem MTBF

Therefore, an estimator ( 5,) of the upper bound for the total system failure rate { ¢,) wiil be.

1

¢, - —tnlu!.um)llr"l
where (R.ilm}) 's the AO estimator of the system reliability lower bound calculated in4.9.1 and 4.9 2; (L) is
the specified mission time and (in) 1s the natural logarithm. This (@) failure rate upper bound 15 subject to
the same constraints used in obtaining (R,(1m)), thatis, same leve! of confidence, dependence on same 101al
limes on test (Z)). and all other constraints discussed. As anillustration of this procedure, assume we want 1o

abtain an estimaie(Q,) of the upper bound of system failure rate ( ¢,) for the two exampies developed in
49.1and 292 Examples are asspeafiedinaand b

a. Forthe calculation method, where the level of confidence was 75 percent.

A 0.4757 .
¢ = —In T =0.74296 failures per 1000 hours

14 3 75 percent upper confidence bound for total system failure rate (thats, this bound will be larger than
the actual systern failure rate at least 75 percent of the time),

b. For the second exampie, where the level of confidence was 50 percent, we have:

0.5578
a‘- —In

=0.58375 failures per 1000 hours

thatis, the actual system failure rate { ¢,) will be exceeded by the above estimate { $,l at least 50 percent of
the time.

495 Depanures from AQ method reguirements Caulions regarding the use of the AQ
methodology and suggesuions for dealing with deviations from the requirements are as provided 1In a
through f:
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a. The exponentiahity of the statsuical distribution of the umes-to-1ailure and the
independence of the subsystems should be carefully checked Bothrequirements represent deal conditions

the exponential distribution requirement can be

arti for example
ATie W

I"IUWC‘\’." lhry Lﬂll bc’u)\lfltd lllpfﬂh\lht TWi &R L \
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 negiigibly atiect reliability. When either of these two canditions is gravely suspect, the present
AQ procedure should not be apphed Hitis abso‘mety necessary 1o use the present AQ procedure, then

exireme caulion is required and the results should be interpreted with greatgare.

b. This caution relates 1o the termination times of the different subsystem tests. All tests
should be failure truncated, thatis, terminated at the occurrence of a failure (Type Il censoring). Mix:iures of
Types t and Il censoring schemes are not recommended. If, in a given subsystem 1est, the test truncation time
s other than a failure time, it is recommended that the last failure time before truncation be 1aken as the
actual truncation time {(see 4.9.1)

¢. The ordering of the data is very impariant for the correci spplication of the AQ procedure.
The subsystem with the least total time on test must always be recorded as Subsystem 1, and its tota! time on
test, (Z(1)), included in the las: terms of the calculation of {m} and (v) parameters Anexampie of the
consequences for noncomphance with this requirement is presented in TABLES 19 and 20 Observe how the

results vary consigerably due 1o {2{1)} not being the least total time on Lesl among the subsystems.

d. The AD approach requires the observation of at least one failure in each subsystem Thas s
a very strict requirement and a must for 1he correct application of this AO procedure. When deaiing with
high-cost, ultrareliable systems, the necessary time to obtain a failure in some of the component subsystemns
may be 100 long Also, the number of items on test for 2 given subsystem to obtain a high probability of
getung a faiiure before truncauion time may be too small. in practice, for some partitular subsystem, testing
may have 10 be terminated before cbserving the first failure, but an engineering assessment s stitl required.

e Under the real life constraints of d, the use of an adaptive procedure will be required in
order 1o provide a gross approximation {or the system rehability bound Assume that a first failure has
occurred at the time of test truncation {for the subsystem without any prim observed failures) and calculate
ihe iower AD sysiem reliability bound. This will provide a gross lower bound for the AQ system reliability
bound. Care shouid be taken not 10 use this procedure where the tolal time on tes: for the subsystem s the
smallest (thatis, Z(y)).

1. Given the formulae for (m) and {v). in the case of one real ar imaginary failure in any jth
subsystem, thenr -1 = Oand(r,-1)/2, = 0. Therefore, theinformation contribution of this subsystem to

the renammy oouna s nul!, unless it 1s ihe one with the smallest 1o1al time on test.

496 Noobserved falures Anexample of the adaptive procedure for dealing with the case of no
observed faitures for some subsystem 15 provided below (see Reference 13). Assume tnat for the second
subsystem, the test was terminated belore the first failure occurred, that is:

2, = 17.607 2; = 20.045 23 = 33.644 Za= 51495
ny=2 ny =1 ny= 2 ng=3

is = B2.214

ng = 3

Exact {90 percent confidence) bound = 0.726. AQ bound = 0.735 (2190 percent confidence leve!)

Assume that for Subsystem 2, the test was truncated before the first failure had occurred and the
corresponding to1al ime on test for Subsystem 2 at the truncaton time was Z; = 19.5

As,ume thal one failure had occurred a1 this truncatron ime  The gross lower bound 15 oblained as AD
bound = 0.719 (a1 90 percent confidence level}

a1
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4,97 Typelcensonng “oconsider o (est truncated it othee than a laiure Lme, 3ssurre that the
Subsystem 3 test was truncated some time afier the first faiture but before the second failure, as aepicted in
FIGURE 45. Had we waited 1o observe the second lailure, the values oblained according 10 Reference 13
would be

2,

14,61 z; 62.542

n

35.971 Z3

I

ny, =2 n =2 ny =3
Exact (90 percent) bound = 0.731, AO bound = 0.738 (at 90 percent confidence leve!)

if we assume that the truncation time was (T*), the values obtained up to the first failure (that s, neglecung
test time from the first failure up 1o time (7*)) would be:

2y = 1463 Z; =359 73 = 30.0
ny =2 n =2 ny =1
The result is AQ bound = 0.781 (a1 90 percent confidence level)

An alternative adaplive procedure is 10 assume that time (T*) is the lime of the second (las1) observed
failure. Thisis not recommended because of the conditions specified in a through ¢:

a There are existing failures in the test other than at (T*)
b. Since the second following failure time will never be known, we may be introducing
unnecessary bias in the analysis by assuming (T*) to be a failure ume

¢. Stavistical properues of the bound are unnecessarily lost when truncation s taken at any
other time than a1t a failure

498 Compuler program A (OMpuler program was written to implement the AQO methodology
FORTRAN listings are included 1n FIGURES 152 through 154, The program is self-contained and may be

adapted for any computer with a FORTRAN compiler. The use of the pragram requires the data speciiied irn
a throughc:

a Inputs:
k = number of subsystems

2, = totallime ontest for the subsystem with ieast total time on test

2
=
™
-

i

number of failures of the same (previous) subsystem

2, = 2<i=ktotaltimeon testforithsystem

ngy = total number of failures for ith sysiem

1mn = mssion time desired in the reliability bound

P = percentile of the confidence level desired in the reliabiiity bound
b Quiputs:

M1 = paramelers

V1 = parameters

I
2%
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M2 = parameters
V2 = parameters
M2 = parameters
V3 = parameters

¢. Reliability bounds: Of these results, only the recommended vaiues M2, V2, and the
corresponding bound are presently printed. The other results are inserted as comments in the program. The
user may aclivate them easity by removing the comment command. Anexample run {or the data provided in
TABLE 21 is given in TABLE 22.
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S COMBINED ENVIRONMENTAL TEST CONDITIONS

5.1 Purpose Secuon 5 provides guidance Lo individuals responsible for establishing the combined
environmental test conditions used in relialnhty tests conducled in accordance with MIL-STD-781 Tne data
is presented in a manner which encourages taifnnng 1o specific systems, platforms, and operational
envirgnments,

5.1.1 Scope. Section 5 discusses the combined environmental test conditions to be applied during the
reliability test programs specified in Tasks 200, 300 and 400 of MIL-STD-7B1. The analyses needed 10
establish the appropriate test conditions are provided also.

5.2 Mission and life-cycle environmental profiles and test conditions. Mission and life-cycle
environmental profiles and Lest conditions are a3 provided in 5.2.1 and 5.2.2.

5.2.1 Mussion and life-cycle environmenta! profiles. The mission profiles should be used 10 determine
the environmental specifications and should be derived from the aperational life profile defined by the
equipment or system operational requirements 1f thisinformation s not provided in the onginal
contractual documentation, provision should be made {or the procuring activity and the contracior to
cogoperatively derive the mission profiles and the equipment environmental specifications This denivauon
should make use of historical data on similar equipment applications and mounting platforms and the effec:
of equipment location in the platform should be accounted for. Eachsignificant life-cycle event must be
considered, inciuching transportation, handiing, 'nstallation and checkout, and tacucal missions including
platform ¢citeqory and operational situation

5.2.2 Environmental test conditions The reliability growth, qualification, and acceptance tests
should be performed under the combined influence of electrical »ower input, temperature, vibration,
humiditly and other appropriate 1est conditions The test levels for these test conditions should be dernived
from the equipment’s mission angd environmental profiles When the equipment s designed ior 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 hife-cycle environmental profile. The test conditons should
simulate the aclual stress levels during the mission  If the equipment is designed for several missions and
environmenta! condiuons, the test profite should represent a composite of those missions, with the test
levels and duratiaons hpmn proraled according to the percentage of each mussion type expecled dunng the
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equipment’s hife cycle In order to genve reahst-c test condmons and levels, the actual environments
{espeqially itemperature and vibration) should be measured a1 the location where the equipment s to be
mounted dunng an actual mission operation Where such data are not available, the conditions and levels
presented 1n 5.3 through 5.10.1.4 may be used as guidelines

5.3 Combined environments for fixed-ground equipment, Equipments designed for ixed-groung
instaliations are generaily located in a controlied environment within a building and, therefore, do not
require cyclic environmental testing (see Reference 16). However, since this equipment must be transpored
to the final installation site, 8 nominal vibrat:on 1est should be applied, with power OFF, before each
reliability test. Contraciually specific operauing criteria based on the guidelinesin 5.3.1 through 5.3.4 may
used in the test plan and procedures A lypical combined environmental test profile for fixed-ground
equipment is shown in FIGURE 46 The duration of the profile is normally 24 hours or an evenly divisible
fraction thereof.

[T
o

5.3.) Elecrronicstress and duty cycdle 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
voitages. The input voltage range, if not specified, should be # 7 percent of the nominal input voitage. 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 shutaowns
for rouune maintenance should be considered The equipment duty (ycie should be Ol aboul 30 percent of
the test cycle The OFF periods should be randomly selected
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5.3.2 Vibrationstressy Normalty, vibration stressiesting 1s hol required during the operational phase
of the environmenial profile. If the equipment is not packaged specificatly for transportation to the
instaliation site, a nominal vibration stress, consisting of a single-frequency sine-wave vibration a1
2.2 gravilational acceteration units peak {g's pk) 2t 2 nonresonant frequency between 20 henz (Hz) and
60 Hz, should be apphed for 20 minutes before starting the reliability test. H the equipment has - specified
shupping configuration, it should be qualified for adequate shipping protection by packingitin that
configusation and testing it priar to the reliability test in accordance with the shipping vibration and shock
expected. Establish the vibration test requirements for equipment transported as cargo in accordance with
the maximum values of MIL-STD-810, Method 514.3, as specified in a through ¢:

a. Basic transport; Test Procedure |, Test Condition 1-3.2.1
b. Large assembly transport; Test Pracedure 111, Test Condition 1-3.2.2
c. Loose cargo transport; Test Procedure li, Test Condition i-3.2.3

5.3.3 Thermai 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 Hotsoak temperature:  + B5°C

c. | the equipment is instafled in an occupied building with automaticatly conirotied ar -
conditioning and heating, use 25°C as the operating ambient temperature. Computer equipment should be
controtled at 20°C

d. fthe equipmentisinstalied 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 s in an unoccupied, nonair-conditioned enclosure and in semitropical or
tropical locations, periorm one-ha!f of the tesuing at 60°C, one-quarter at 40°C, and one-quarter at 20°C.

534 Humidily. Humidily 1esting 1s not required unless specified in the contracl. See AR?0-38 for
addiuonal guidance tor humudity tesung

54 Combined enwironments for mobile qround equipment. This category of equipment includes
wheeled vehicles, trackhed vehicles, shelter configurations, and manpacks (see Relerence 16) The specific
eguipment application should be considered when specifying the combined environments for reliatulity
testing MIL- STD-210 and AR70-38 should be used 1o define the climatic extremes for the geographical area
in which the equipment and vehicle will be used, and MIL-STD-810 can provide guidance for the vibrauon
requirements Equipment operauing on moving platforms, including wheeled and tracked vehicles, and
while stationary, should be considered 1n developing a cyclic test similar 10 the test shown in FIGURE 47, The
test profile duration shou'd be 24 hours or an evenly divisible {raction thereo! The dimauc extreme and
MIL-STD-810 vibration data should be considered 10 represent maxmum conditions The aclual test
environmental conditions should in¢clude a distribution of vatues which reflects expected conditions Only a
small fracuon of test levels should reach the maximum conditions.

5.4.1 Electricat siress and duly cycle. The equipment shouid be operated a1 nominal designnput
vollage for S0 percent of the ON 'me, at minimum vollage for 25 percent of the ON time, and at maximum
voltage for 25 percent of the ON ume. The input voltage range, if not specified elsewhere, should be as
specified in a through d:

a. Wheeled vehicle equipment: * 10 percent of nominai or as specified by the procuning

activity

b. Tracked vehicie equipment: * 10 percent of nominal or as specified by the procuning
activity

¢. Sheiter configuration equipment: 2 10 percent of nominal or as specified by Lhe protuning
acuwvity

d Manpack equipment: For 24 volts direct current (VDC), volts (V) maximum = 32\,
mimmum = 20V
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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 ume and OFF 10 percent of the time
The OFF periods shou!d be randomly spaced If designed for continuous operation lor an eight-hour shift,
the operating cycle should be eight hours with complete shutdown before Lthe next operation, This ume
period is long enough for the equipment 1o stabilize at the ambient temperature.

5.4.2 Vibration stress Unless otherwise specified by the procuring activity, the vibration stress should
be derived using MIL-STD-810, Method 514.3, Test Procedure |, Test Condition I-3.2.10 as a guide. General
guidance is as specified in a through d..

a. Wheeled vehicle equipment: 5 Hz 10 200 H2 10 5 Hz for a maximum time of 5.5 hours, using
acycle of 12 minutes on each of three axes. Maximum g-level is 3.5g. Maximum displacementis 1-inch
double amphtude (DA).

b. Tracked vehicie equipment: 5 Hz 10 500 Hz to 5 Hz for a maximum time of 3 hours, using &
cycle of 15 minutes on each of three axes. Maximum g-leve! is 4.2 g. Maximum displacementis 1- inch DA.

¢.  Shelter configuration equipment: 5 Hz 10 200 Hz 10 S Hz for a maximum time of 5.5 hours,
using a cycle of 12 minutes on each of three axes. Maximum g-levelis 3.5 9. Maximum displacement s 1-in¢h
DA

d. Manpack equipment: S Hz to 500 Hz to 5 Hz for a maximum of 3 hours, using a cycie of
1S minutes on each of three axes Maximum g-level is4.2g Maximum displacement is 1-inch DA,

if the equipment is operated on a carrier which is stationary for a major portion of the time, the vibration
shoutd only be applied for a portion of the operating cycie.

5.4.3 Thermalstress The equipment should be operated at the specified ambient temperature
conditions {rom minimum to max:mum, as shown in FIGURE 47. \f no ambient temperatures are specfied,
the temperatures specified in a through ¢ should be used:

a Coldsoak temperature. - 54°C (start of normal cycle)
b. Hotsoak temperature: + B5°Clevery fifth cycle)
¢. Operating temperature range: -40*C10 + 55°C

5.4.4 Moisture Moisture levels sufficient 1o cause vivible condensation and frosting should be used
when such conditions are expected in the field service environment of the equipment under test Humidity
need nol be held constant during the test cycle, and high levels may be achieved by moisture injection at
appropriate times in the test cycle  AR70-38 and MIL-STD-210 should be used to establish humidity
environments

5.5 Combined environments for shipboard and underwater vehicle equipments. The combined
environments expenienced 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 gnvironmental stresses This equipment includes Naval surface cratt, Naval
submarine, marine crati {Army, landing}, and underwater vehicies specified in 5.5.1 through 5.5 4.

5.5.1 Navalsurface 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 cratt equipment environments are asspecified in 5.5.1.1 through 5 5.1.3.3 {see
FIGURES 48 through 53)

5.51.1 Externally mounted equipment The suggested test profile for eaternally mounted
equipment s provided n 5.5 1 1.1 through S5 1.1.3
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5.5.1.1.1  Electrical stress and duty cycle. During the operating cycle, input voltage should be varied
between several levels as shown in FIGURES 48 and 49. Uniess otherwise specified by the procuring activity,
the input voltage range should be * 7 percent of nominal design voltage. After reference measurements
are taken at nominal vollage and room temperature, minimum and maximum voltage should be applied

during the operating <ycle as shown in FIGURES 48 and 4%. The duty cycleis given also in FIGURES 47 and 48.

The equipment should be OFF about 1J percent of the time. Power shauld be ON during the cold and hot
soak periods.

5.5.1.1.2 Vibration stress. The vibration stress shoutd be applied according 1o 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.

5.5.1.1.3 Temperature and humidity stress. The suggested temperature and humidity profile for
enernally mounted equipment is provided in a through o below. All relative humidity {RH) values are

o AEm

z : percent ‘ﬂﬂ}
a. Stariing from 22°C and 25 percent to 75 percent RH, lower the temperature to -50°C as

rapidly as possible, hold at -50°C (cold soak) for 1.75 hours (ON). Raise the temperature to-32°C. Apply the
cold soak only during the first three cycles.

b. Slowly lower the temperature 10 ~34.5°C over a period of 3.5 hours.

¢. Slowly raise the temperature 10 -28*C over a period of 13 hours.

d. Raise the temperature to 22°C over a period of 5 hours.

e. Hold the temperature at 22°C, but bring the RH to 25 percent to 75 percent over a
period of 1 hour.

{. Raise the temperature to 25°C and the RH to 95 percent over a period of 2 hours.

Over the next 10 hours, slowly raise the temperature to 29°C with the RH kept

continuously at 95 percent and hold for § hours.

h. Slowly fower the temperature to 25°C aver & period of the next 5 hours with the RH
kept continuously at 95 percent,

i. After 2 hours, lower the temperature to 22°C and the RH from 25 percent 1o
75 percent. .
j. After 2 hours, raise the temperature 10 25°C with an RH of €5 percent,
k. Over the next 12 hours, raise the temperature slowly 10 48°C with an RH of 25 percent
and hold for 2 hours.

. Raise the termperature to 65°C (ON) and raise the RH 10 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, siowly lower the temperature 1o 22°C and bring the RH o
25 percent to 75 percent.

n. Repeat steps f through [ six times.

0. Return tostep a and repeat the cycle until the desired test duration is obtained.

Hot and cold soaks are added to cover worse-case storage and transportation environments.

5.5.1.2 Inlernally mounted equipment. The full profile for internally mounted equipment s as
shown on FIGURES S0 and 51.

$.5.1.2.1 Electrical stress and duty cycle. The electrical stress and duty cycle shall conform to
55111,

5.5.1.2.2 Vibration stress. The vibration stress should conform105.5.1.1.2,

5.5.1.2.3 Temperature and humidity stress. The temperature and humidity stress profile for
internally mounted equipment is as specifed in a through m:
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a Starting from £2°C and 25 percent 1o 75 percent RH, lower the temperature to -50°C as
ramdly as possible and hold at -50°C {cotd saak} for 1.75 hours (OFF). Raise the temperature to 0°C asrapidly
as possible. Apply the cold soak only for first three cycles

. Hold 0°C for 19 5 hours, then raise the temperature 1o 19°C over a period of 2 hours

¢. Overapenodof 1 hour, establish conditions of 22°C and 25 percent to 75 percent RH

d. Over a period of 2 hours, establish conditions of 37°C and 50 percent RH.

e. Slowly during the next 10 hours, establish conditions ©f 41°C and 48 percent RH; hold

for 5 hours.

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

9. Hold 37°C for the next 2 hours, but lower the RH to 43 percent.

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

i. Stowly during the next 9 hours, establish conditions of 50°C and 2! percent RM; hold
for 6 hours

i- Rapidly raise the temperatlure 10 65°C and the RH to 95 percent; hold for 2 hours [OFF).
Lower iemperature as rapidly as possible 10 50°C. Apply the hot soak only during the first three cycies.

k. Overthe next 5 hours, stowly establish conditions of 22°C and 25 percent to
75 percent RH

. Repeatstepsdthroughisix tmes

m. Relurn tostep a and repeal cycle untl the desired test duration is obtained.

£.5.1.3 Internally mounted equipment, temperature controlied space. See FIGURES 52 and 53 for
the full profile of the internally mounted equipment for temperature controlied space.

5.5.1.3.1  Electnical stress and duty cycle The electrical stress and duty cycle for internally mounted
equipment in a temperature controlled space should conformte 5.5 11 1,

5.5.1.3.2 Vibrationstress The whrauon stress should conform 10 5.5.1.1.2.

5.5.1.3.3 Temperature and humidity stress profile The temperature and humidity stress profile for
inwernally mounted equiprment in temperature controlled spaces is provided in a through i

a Starung from 22°C and 25 percent 10 75 percent RH, lower the temperature as rapidly
a8 possible 10 -50°C (coid spak) and 25 percent RH; hold for 1.75 hours (OFF). Raise the temperature 10 22°C
asrapidly as possibie Return the RH 1o 75 percent Apply the cold soak only during the first three cycles.

b. Slowly over a perniod of 15 hours, establish conditions of 25°C and 30 percent RH.

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

d. Repeatsteps a through Csix times

e. lowerthe temperature 10 0°Cin 1 hour; hold for § hours.

i.  After 2 hours, establish canditions of 20°C and 26 percent RH; hoid for & hours

g. After 2 hours, estabiish conditions of 50°C and 21 percent RH; hold for 4 hours Raise

the temperature as rapidly as possible 10 65°C; hold for 2 hours (OFF). Decrease the temperature rapidiy to
50°C. Apply the hot soak on only the first three cycles

h. After 2 hours, establish conditions of 22°C and 25 percent to 75 percent RH,

i, Returniostep a and repeal the cycle until the desired test duration is obtained.

5.5.2 Naval submarine. The submarine profiles should be based on a 24-hour test cycle which should
be repeatad for the duration of the test (see Reference 18).

5.5.2.1 Electrical and duty cycle stress During the operating cycle, the input voliage should be
varied between several levels as shown in FIGURE 55 Unless otherwise specified, the input voltage range
should be * 7 percent of nominal Reference measurements should be made at nominal volitage and room
temperziure. Minimum vollage should be apphed for the initial period of the operating cycle and maximum
voltage should be applied during the peniod of highest ambient temperaiure Nominal voltage should be
applied for the balance of the cycle and the duty ¢ycle should be as shown in FIGURE 55
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5.5.2.2 Vibralvionsiress Submarine vibration siress fevels are normally extremely low. However,
since vibration fevels after batiie damage and during transportation may be considerably higher, the
vibration stress of FIGURE 54 shoutd be used with the profile shown in FIGURE 55. The actual vibration time
should be 3 hours in a 24-hour test cycle. This test shouid be run on a single axis selected by the procuring
aclivity. The battie damage spectrum shouid be applied for 10 minyies during each Z4-hoyr test cycle a1 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.

5.5.2.3 Temperature and humidity stress profile. The temperature and humidity stress profile for
Naval submarine equipments is provided in 5 through k:

a. Starting from 22°C and 25 percent to 75 percent RH, lower the temperature as rapidly as
possible 1o -50°C and hold for .75 haurs (OFF). Apply the cold soak only on the first three cycles.

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

€. Raise the temperature to 0°C; hoid Tor 2 hours.

d. Raise the temperature 10 22°C; hold for 6 hours.

€. Raise the temperature to 50°C and the RH 10 95 percent; hold for 1 hour,

f. Raise the temperature to 65°C; hold for 2 hours (OFF). Hold the RH at 95 percent Apply
the hot soak only during the first three cycles.

g. Lower the temperature 10 50°C and the RH 10 65 percent. hold for 2 hours.

h. Llower the temperature 10 22°C and raise the RH 10 95 percent; hold for 4 hours.

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

j- Lower the temperature 10 -35"C over a period of 2 hours; hold the RH in the 25 percent
to 75 percent range for 1 hour.

k. Repeat the test profiie as direcled by the Program Manager.

5.5.2.4 Moisture, Moisture levels are not a significant stress factor for equipment installed in
protected areas on submarines For equipment which may not be properly protected during transporation
and storage, consult MIL-STD-210 and AR70-38 for data on envitonmental extremes,

5.5.3 Marine craft (Army) Marine crafl includes a variety of smaller cratt such as landing crat and
smaller vessels used on interior waterways, The environmental stress cycle for marnine crattis givenin
FIGURE 56 (see Reference 16) The test cycle duration should be 24 hours or an evenly divisible fraction
thereof. The environments 1o testing smali manine crati are givenin 5.5.3.1 through 553 &

5.5.3.1 Thermalstress Unless otherwise specified by the procuring activity, the manne craft thermal
stress environment should be construgied from a combination of the environments yn TABLE 23,

5.5.3.2 Vibration stress. Guidance for establishing vibration test requirements s prbvided in
MIL-STD-810, Method 5.14.3, Test Procedure ), Test Condition 1-3.2.11, If the vibration is unknown or not
specified, the requirements provided in 2 through ¢ should be used:

a. Amplitude' .020inch (DA) * 004 inch (DA}
b. Frequencyrange: 4 Hzto33Hzto 4 Hz
¢. Sweeptime: 10 minutes * 2 minutes {up and down)

5.5.3.3 Electrical stress and duty cycle. A voltage variation of 10 percentis normal for manine craft.
A typical profile would be: 25 percent pf the time a2t nominal + 10 percent; 25 percent of the time at
nominal -10 percent; and 50 percent of the time at nominal. Unless otherwise specified by the procuring
atlivity, the duty cycle of input power should be 10 percent OFF and 90 percent ON, in a preselecied
irregular pattern.

5.5.34 Moisiure Moisture requirementsshould be as provided in MIL-STD-

————.

10 and AR70-38

LY}
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5.5.4 Underwater vehicles Environmenial testdata which s appropriate for the reliability testing of
underwater vehicles s presented in Reference 19. Government Program Managers and equipment
deveiopers are referred 1o Reference 19 for appropriate test data (tshould be noted that the data in this
report applies only to the MK-50 worpedo; other systems may require extrapolation of data.

5.6 Combined environments for jet aircratt equipment. A combined-environments test cycle should
be used whenever possible for testing jet aircraft equipment. Durning this cycle the thermal stress, vibration,
humidity, and input voltage imposed on the test item should be varied simultaneously. The speaific 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 ¢lass designation (in accordance with
MIL-E-5400), 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).

5.6.1 Mission profiles. Each aircraft type is designed to operate within a specific flight envelope and
to fly specific mission profiles. The environmental profiles used 10 test prototype and production air¢cratt
should be based on these flight envelopes and profiles. When design flight envelopes and flight mission
profiles are not available, the generalized flight envelopes in FIGURES 57 through 62, and the 1abies
incorporated into those figures, should be used for developing mission profiles {altitude and speed versus
ume) for specific aircratt types. From these mussion profiles, reasonable and pracucal enviranmenial test
profiles may be developed. The mission profiles are classified by special aspects such as phase alutude, phase
Mach number, phase duration, and transition rates between steady-state conditions. |f mission profile
information is not available, the datain 5.6.2 through 5.6.2.8 should be used to establish the environmenta!
test conditions

5.6.2 fnvironmental test profiles The test profile should be developed from the aircraft mission
profile. The conditions which must be defined are temperature, vibratton, humidity, and input voltage
Each test cycle should consist of two missions  One mission should start in a cold environment and proceed
10 a hot environment; the second missien shouid startin a hot environment and return to a cold
environment. The mission profile should be analyzed to determine the environmental stress levels for each
of the mission flight phases {takeoff, chimb, combat, landing, and so forth) as weli as for ground conditions
in addition to the information derived from the mission prafiie, the data specitied in a through d should be
compiled.

a. Equipment class (see MiL-E-5400)

b. Equipmentlocation within the aircraft

¢. Type of cooling for the compariment in which the equipment is located (air-conditioned or
ram air-cooted)

d. Type of equipment cooling {ambient or suppiemental 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 iemperature {°C)

Ternperature rate of change (*C per minute)

Dynamic pressure q (pounds per square foot (1by f12))
Power spectral density (PSD), Wqlg? /Hz) = K(qQ)?, where q = dynamic pressure
PSD, W1(gz /Hz) = Wp-3dB

Humidity

Equipment operation

Input voltage

mo3g3-XToTaOSN
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A typical environmenial profife data set for equipment attached to structures adjacent to the external
surface of a jet-propelled Navy attack aircraftis givenin TABLE 24 Sources from which environmental data
<an be oblained and the methodology 10 be used in entering Lhis data in the 1able are as provided in 5.6.2.1
through 5.6.2.8. The methodology describes how each stress level should be obtained and presumes that no
measured data, either specific or for simifar applications is available. if measured stress-level data (specific or
similar) is availabie, it should be entered directly into TABLE 24. TABLE 25 should then be developed by
applying the special vibratton and thermal ground rules as provided in 5.6.2.1 through 5.6.5.5.

5.6.2.1 Mission phase (temperature mode). The specific mission phases shouid be derived from the
mission profile. The number, type, and duration of the phase are functions of aircraft type. The ground

conditions used for all aircraft and equipment types should inciude a nonoperating period foliowed by a
period of operation. Since the equipment often will be at either 3 low or a high temperature when in a non-
opesating mode and turn-on will occur while it is still at that thermat condition, both hot and cold starty

should be inctuded in the test profile.

5.6.2.2 Duration The’duration of each mission flight phase should be oblained from the mission
profile, The test time for ground conditions should apply to all aircraft types and missians The test ume for
nonoperaling and operating temperatures is 30 minutes.

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

5.6.2.4 Companmenttemperature The information specified in a through i should be obtained
prior 1o establishing the companment temperature levels;

Data Need Obtained from
2 Aluuoe and Mach number " Mandatory Mission profile analysis
(see 5 6 2.3}

b. Equipment class in accordance Mandatory Equipment design
with MiL-E-5400 contro! speciication

¢. Equipment coohng Mandatory Equipment design
method (ambient or controf specification
supplemental)

d. Companment cooling Mandatory Equipment design
method (air-condinoned control specification
mrram s rranlast)

LSLIRE-LEL - TRRS o Ln it}

e Power dissipation Desirable Equipment design

control specification

{. Equipment density in Desirable Atr-conditioned
compariment (crowded design specification
or uncrowded)

g Air flow into Desirable Thermal design
compartment specification

h. Temperature of Desirable Thermal gesign
air flowing into specification
compartment

i. Compartment Desirabte Aircraft design
area exposed specification

5624 Ambient-cooled equipment The data for ambient-cooled equipment are provided in a

through b (3):
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a. Hotl-daytemperatur 2. Using the altitude, Mach number, the MIL-E-5400 Class, and
cumpariment cooling information, enter TABLE 26, 27, or 28 as appropriate Lo determine hot-day
compartment temperatures for each of the mission flight phases For the ground conditions (nonoperating
and operating), a temperature of + 55°C should be used for Class | equipment and + 71°C for Class Il
equipment

b. Cold-day temperaiure: Cold-day compartment temperatures for equipmentinram
air-cooled compartments should be selected from TABLE 29 For equipment Jocated in air-conditionegd
compartments, ¢old-day temperatures should be selected from the metheds provided in 1 through 3. The
metlhod selected depends on the amoum of information available. For the ground conditions (non-
operating and operating), a temperature of -54°C should be used for both Class | and Class Il equipment

1.  Method i: If alimited amount of information is availabie, such as only the
altitude and Mach number, the compartment temperature for each of the mission flight phases should be
selected from the cool-compartiment temperatures in TABLE 30.

2.  Method II: |f 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 of the mission flight phases from TABLE 30 as follows:

A. Warm-compartment selection: if the equipment power dissipates a high
watlage and the compartment centains many other equipments tending to impede cooling air flow,
temperatures should be selected from the warm-comparntment values

8. Cool-companmentseiection: If the equipment power dissipation is mimmal
and the compartment is relatively uncrowded with free, unrestricted airflow, the compartment temperature
should be selected from the cool-compariment values.

3. Method ill: When additiona! thermal and design engineering dala are available,

the compartment cold-day temperature can be calculated for the mission flight phases using the following
expression’

3.41 x Q(Elec) + 1441 W xTUn) ~ U x 1B x A x Tlrec)

T Comp) =
i 18U x A + 14.4W)
where:

Q{Elec) = Electrical load {watts)

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

Tlin) = Temperature of air flowing 1nto compartment (°C)

u = Overall heat transfer coefficient, British thermal units per minute per square foot per

degree Celsius (BTU/min/ft2/°C)

A = Compartment area exposed to ambient (square feel (f12))

T{rec} = (V+0.180MUT 4+ 273) - 273(°C)

M- =  Mach number

g - Ao i men 8o oo Sinem O me mlaio. ol m

IA - PRI \cnlpc!olurc\ Ww]jAGLOIUMLUDT

Altitude (1000 f1) Temperature {*C)

0 - 51
10 - 26
20 - 43
30 - 62
40 - 65
50 -73
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56242 Supplemenially cooled equipment. Supplementally cooled equipment tor hot day
companiment temperature and cold-0day companiment temperature should be established in accordance
with5 8.2 4 1, The flow rate, temperature, and dewnoint temperalure of the supplementa!l air should be
selected in accordance with the equipment specification during all 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 supplemental air shouid be the minimum specified «n
the equipment specification and this should be maintained until chamber air cool down. During chamber atr
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.

5.6.243 Jemperaturerateof -(hange. 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 aftitude or Mach number phase. in the example presented
in TABLE 25, 1akeoff and climb to altitude have been considered as a single phase from a thermal point of
view. In cenain cases, Iwo consecutive mission phases may involve such changes as a dive followed by 2
chrmb or a loiter condition followed by a dash. In such situations, a temperature rate of change should be
calculated for each of the two phases The examptle provided below illustrates the procedure:

Example of 1emperature rate of change calculation

An aircraftin 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

Phase  (minytes) Mach Number Altitude (per 1000 f1) Compartment T{*C) *C per minule
Cruise 11.3 0.8B% 1 1.5 -

Chmb 1.0 0.75 108 3.0 1.5 {use 5)
Dive 5.0 0.80 Bto1 13.0 2.3 (use )
Cruise 10.7 0.85 i 1.5

Thermal rates of change are calculated as follows:

CLIMB {cold day, cool compartment)

Temperature = + 3°C at 8000 ft and Mach Number = 0.75

Temperature = + 1.5°Cat 1000 ft and Mach Number = 0.85

3°C - 1.5°C i
Rate = ——————— = 1,5°C per minute
1.0 minute

DIVE (told day, coo! companment)

Temperature = + 13°C a1t 8000 ft and Mach Number = 0.80

Temperature = + 1.5°C at 1000 ft and Mach Number = 0.85

) 13°C - 1.5°C "
Ruie = =—————————— .5
5.0 minutes

cre _

 perminuic
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5.6.2.5 Vibration. The random vibration leve! should be determined for each of the mission phases
using the informaton in TABLE 24 and FIGURES 64 and 65. Special-case vibration data is contained in
TABLE 31. Select a value of dynamic pressure (q) from FIGURE 64 for each steady-state condition as a
function of Mach number and altitude. For transient conditions such as dive, the (q) vaiue should be
determined using the Mach number for that phase, if known, and the average altitude for that phase. if the
Mach number is not known, the (q) value should be computed as the arithmetica! average of the (q) at the
start of a dive plus that at the termination of the dive:

(g start + g termination)
2
if the attitude and Mach number cambination is such that the value of (q) is less than 76, use q = 76. The PSD
{Wo) shiculd then be computed in accordance with the requirements ol TABLE 31, FIGURE 64 should then be

employed to determine the spectrum shape {lest envelope} and & (W) caiculated if required.

= gaveage

5.6.2.6 Humidity Humidity should be injected inlo the test chamber and a dewpoint temperature
of + 31°C or greater should be maintained during the inniat portion of the ground, nonoperaling phase for
a hot day. This level of dewpaint should be maintained and controlled unti! the end of the ground,
operating phase for a hotday. No further injection of moisture is required for any of the other profile
phases and the humidity during these phases should be uncontralled. The dewpoint temperature should be
maintained and controlled at 31°C or greater for each subsequent cycle during the hot-gay ground,
nonoperating and operating conditions. Chamber air should not be dried at any time during a test cycle RH
shouid be conirolied 10 * 5 percent RH

5.6.2.7 Egquipment operauon. The equipment should be in an operating mode during 3%l phases of a
test profile except tor the ground, nonoperating phases

5.6 2.8 Electrical stress Input voltage shouid be maintained at 110 percent of nomina! 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 turned ON and OFF at least twice before power is applied continuousiy to determine
startup ability at the extremes of the thermal cycle

5.6.3 Construction of an environmentai profile See FIGURE 66, which presents the environmenial
profile resuluing from the data entered in the exampte (see TABLE 24), was derived from the mission profile
presented in FIGURE 67. It should be noted thatin the example (see TABLE 25, combat cruise phase) a
change in temperature is oblained even though no change in altitude occurs. This is due to an acceieration
{ollowed by a deceleration Inthiscase, no temperature rate of change has been defined since the
acceleration and deceleration are extremely rapid

5.6.4 Test profile development. The environmental profile developed in 5.6.3 should now be
converted into a 1est 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
10 the 1est profile, the ground rules and proceduresin 5.6.4.1 through 5.6 4 4 should be used.

5.6.4.1 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 Jevels should be established using the
steps specified in a through d (steps 1 through 4):

3. Step 1. Review the {(Wy) values listed for each phase and delete any levels which are less
than 0.001.

b Step2. Identify the (W) and duration associated with takeoff and apply these values 1o
the test prafile as shown in TABLE 25

. Step 3. Idenufy the (Wg) and durations associated with the highest and lowest {g) levels
and apply these values 10 the test profile guring the phases in which they occurred
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d. Step 4. The fourthlevel of {Wg}is established by calculating a time-weighted average of
the (W) values remaining after identification of the takeoff, minimum, and maumum levels. This is
accomphished by multplying each (Wp) by its durauon, adding these products, and then dividing this sum by
the sum of the durations. The resulting fourth level should be applied to those 1est phases assotiated with
the environmental profiie phases which were used L0 calculale the fourth test level. ineach case the
duration should be as stipulated in TABLE 24 for that particular phase. For centain aircratt flying relatively
benign missions, all or most (Wy) values may be less than 0.001g%/Hz.

A value of Wy = 0.00192 /Hz should be stipulated for mission flight phases not accounted {or by any of the
four (W) defined in a through d (steps 1 through 4) above.

5.6.4.2 Temperature, fthe temperature rate of change calculated for any transient condition is less
than 5°C per minute, a value of 5°C per minute should be used. Any thermal condition which is less than 10°C

or less than 20 minutes in duration should be deleted from the test profile.

5.6.4.3 Example of test profile. FIGURE 68 is the test profile developed from the sample mission and
environmenta! profiles. TABLE 24 lists in tabular form the aclual data used 1o construct the test profile.
Note that the transient thermal condition (~19°C 10 -10°C for a period of 5 minutes) was deleted from the
test profile. All values of 1emperature rate of change which were less that 5°C per minute were changed
atso The duralions 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: 1akeoff,
mirmmum, and maximum. The {Wg] associated with takeoff is sefected from TABLE 24; 3 maximumal Wy =
0.007 and a minimum of Wq = 0.0019 were oblained from this 1able afier all values of Wy < 0.001 were
excluged Since these values and their assotiated durations cdhd notl account for the tota! mission Lime, a level
o' wy = 0.001g2/Hz was specified for ynaccounted time periods {see TABLE 25)

564.4 Testprofiles for various aircraft types. Unless otherwise specified by the procuring activity,
the test profiles shown in FIGURES 69 through 102 should be used during rehability tesung These profies
were denived from the mission profiles in FIGURES 57 through 62 using the methodsin 5 6 4 1 through

5643

565 Composite environmental test profile for multimission applications. A composite Lest profile
should be developed {or those situations where i11s antitipaied that the eguipment wil! be usec during
more than one type of misuon In this case, 2 185t profile must be developed for each igentified mission for
which lemperature, vibration, humidity, and input voitage levels and durations have been determined. The
composite 1est profile framework should be structured to retain the concept of lwo missions in each test
cycle. One mission stans from a cold environment and proceeds 10 a8 hot environment; the second starts
from a hot environmenit and returns 1o a cold environment. Provisions have beenincluded in the structure
for exposing the equipment 1o three temperature levels during each mission and four vibration levels dunng

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 1o the user.

5.6.5.1 Requiredinformation. A test profile for each mission must be developed. Each profile
should indicate temperature teveis and rates of change and their duration for both the hot-day and cold-day
missions. In addiuon, 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 plaiform. 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 m missions should equal 1.0,

5.6.52 Temperaiure The procedures provided in a through d are identicat for the hot-day and cold-
day musions Separate analyses should be performed for each mission.

a. Atable wmilar to TABLE 32 should be prepared. Each steady-siate temperature level and
its corresponding duration should be histad for each applicabie mission. The mission-weighiing facior {or
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each nussion o, J be idenufied The weighted durations should be determined by muitiplying each
duration by the rurresponding mission-weighting factor

. Theinformation presented in TABLE 32 should be summarnized, and a table swmilar 10
TABLE 33 shouid be prepared. Every unigue temperature appearing in TABLE 32 should be listed in
ascending order t:y TABLE 33. Only one entry per temperalure vatue should be made in TABLE 33 no mater
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
ature app:aring in TABLE 32,

¢ Three levels of tempeiature and their durations should be selected from those appearing

in TABLE 32 (MAX, INT, MIN). The MAX should be the highest temperature value indicated and the MIN the
lowest. The test duration for each should be the corresponding total-weighted duration. The INT leve!
shouid be determined as the time-weighted average of all the temperature values appearing in TABLE 33
that have not been included in the determination of the MAX and MIN levels. The test duration for the INT
ievel should be computed as the sum of the total weighted durations of those temperature values used in
the determination of INT value.

For example, if the “ollowing are given:

Temperature level Total-weighted duration
*C {minutes)
20 15
5 10
3 20

(20x15) + (5x10) + (3x20) 410 g.1°C
15 + 10 + 20 T oas T
Duration = (corresponding times)

INT

15« 10 + 20

45 minutes

d. When determining MAX (or MiN} level, combine all temperature values in TABLE 33
within 5°C of the highest (or [owest ) 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 ievels do
not have a duration of at least 20 minutes, determine a new value of MAX or MIN by time we:ghting 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 feast 20 minutes, specify it to be 20 minutes and
subtract one-ha!f the difference between 20 minutes and the INT duration from both the MAX and MIN
duration. If all the temperature levels of TABLE 33 have been exhausted while computing the MAX and MiN
levels and the INT level cannot be determined, identify the level with the longest time, Assume that that
level is to be the INT level alse. Use half the duration for the MAX or MIN level (as appropriate} and the
other half as the duration for INT.

5.6.5.3 Vibration Atable similar to TABLE 34 should be prepared. Each vibration level (Wg) andits
corresponding duration should be listed for each applicable mission The takeoff (TO) vibration level for
1 minute should be listed separately from a (Wp) of the same numerica!l value which is derived by calculation
Similarly, the (Wp) of 0.00192 /Hz and its corresponding duration which has been added 1o require
conunuous vibration (see 5.6.2.5) should be listed separately from a (Wg) of 0.001g2 /Hz that was denved by
calculation. These two entnies should precede any other mission vibration entries. Each mission’s weighuing
factor shou!d be identified Weighted durations should be determined by multiplying each duration by ity
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corresponding mission weighting factor. The information presented in TABLE 34 should be summarized and
a table similar 10 TABLE 35 should be prepared. The TO and 0.00192 /Hz levels identified in 5.6.2.5 and the
101al weighted duration should be listed separately and apart from the same values determined by
calculation. All other umque vibration levels (Wp) appearing in TABLE 34 shou'd be listed in TABLE 351n
ascending order. Only one entry per {W;) shouid be made in TABLE 35 irrespective of how many times that
value appears in the same or in different missions. The tota! weightied duration for each (Wg) vatue should
be determined by summing the weighted durations for each entry of that (W,) in TABLE 34. A (W,) ol TO
for 1 minute (1akeoff condition) should be selected. The minimum (Wg) of 0.00192 /Hz corresponding 10
continuous vibration during the flight phases should be applied for a period equal to its total-weighted
duration. |n addition, three levels {MAX, INT, MIN) should be determined for the remaining values provided
in TABLE 35. The MAX level should be 1he highest {Wp) listed and tne MIN level should be the lowest (Wp)
tisted. The test durauion for each shauld be the corresponding total-weighted duration. The INT level
should be determined as the ime weighled average of the remaining (Wy). The test duration for the INT
level should be the sum of the total weighted durations of the (Wg) used in determining INT.

5.6.5.4 Construction of the composite test profile. Construction of the compasite test profile is
prowided 1in 5.6.5.4.1 through 5.6.5.4.5,

5.6,54.1 Temperalure. Onetest cycle should consist of the sequence of levels specified in a

2.0.23.%. eIl LY

through k:

-54°C {nonoperating)
-54°C (operating)
INTe {cold day)

MAX: (cold day)

MiN¢ (cold day}

+ 71°C (nonoperating)
« 71°C (operating}
INT,, {hotday)

MAX,, (hotday)
MIN, (hotl day)
Return 10 -54°C (nonoperaling)

o -cangs

e

The duration at the two -54°C conditions and the two + 71°C conditions should be 30 minules each The
duration at each of the gther levels should be determined using the procedure in 5.6.5.2. The temperature
rate of change between any two levels should be determined by reviewing comparable phases of each
indivigual test profile and seiecting the most typical value, The duration of exposure ta a temperalure rate

of thange should be determined irom:

end temperature ~ start lemperalure
rateofchange
The entire cycle with dwells at all levels and transitions between levels should be listed in 2 table similar to
TABLE 36 or depicied graphically as FIGURE 103.

Duration =

5.6.54.2 \ibration. The vibration requirements should be integrated with the temperature
umeline. The MAX vibration level should start at the same time as the MAX temperature levels and continue
for the ime penod determined in 5 6 5.3. The MIN vibration level should s1art at the conclusion of the
exposure 10 the MAX vibrations levels and continue for the time determined in 5.6 5 3. The exposure 10 the
INT vibration level for the time determined in 5.6.5.3 should star at 3 time calculated to assure that s
completion coincides with the start of the MAX vibration level. The 1akeoff level shouid be applied for 1
minute al the start of each of the transiuons from -54°C 10 INT and from + 71°C 1o INT. Aleve! of 0.00192 /Hz
shall be apphied during all other periods, except for the -54°C and + 71°Cs0aks The wibration requirementy
for one comple:e cycie should be histed in a table smilar to TABLE 36 or depicted graphecally as in FIGURE

103
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56.54.3 Humidity Humidily should be injecled inlo Lhe test chamber and a dewpoint
temperature of + 31°C or greater attained during the initial portiron of the ground, nonoperaling phiase {or
2 hot day. The dewpoint temperature should be maintained and controlled until the end of the ground,
operating phase for a hot day. No further injection of moisture 13 required for any of the other profile
phases, and the humicity during these phases should be uncontrolled. The dewpoint temperature should be
maimained and controlied 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

5.6.54.4 Equipment operation - The equipment should be in an operating mode duning all phases
of a test profile, except for the ground, nonoperating phases

5.6.54.5 Electrical stress. The input voltage should be maintained at 110 percent of nominal for the
first test cycle, at the nominal vaiue for the second test cycle, and at 90 percent of the nominal for the third
test cycle. This sequence should be repeated continuousty during subsequent cycles during the test. The
equipment should be turned ON and OFF at least twice before power i3 applied continuously 1o determine
startup ability at the extremes of the thermal cycle.

5655 Example of composite testprofile This example provides the procedure for developing a
composite environmenitai test profiie for a Ciass i equipment that is attached 10 structures adjacent 1o the
external surface of a jet fighter aircraft. The following data indicates the missions in which the equipment is

used and the relative frequency of occurrences of each mission

Mission lype Relatve frequency of occurrence
Low-low-low 010
High-low-tow-high 040
Low-low-tigh 025
Close support ' 0.20
Ferry nas
Total 1.00

Since these conditions correspond 10 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 apptlication of the procedure is illustrated in the tables Iisted 1n a through ¢:

TABLES 37 and 38: hot day temperature
TABRIES 39 and 40 cold day temnerature

FRWLLS s @i SV AU Uy AT AT DL

TABLES 41 and 42: vibration

~noo

Rates of change of temperature between levels are delermined by reviewin. .« corresponding phases o'
the individual test profiles and selecting the most appropriate one. The selecied rates and calculated

durations are listed in TABLE 43 The completed composite profile is provided in 3 timefine in TABLE 44 and
shown in FIGURE 104,

5.7 Combined environments for VISTOL equipment. The combined environments for Types A ang 8
VISTOL aircratt (see Reterence 21) are specilied na and b:

a. Type A3 a twin-engine, subsonic aircraft designed for sea control and utility missions,
including antisubmarnine warfare, aircraft early warning, tanker service, ordnance delivery, and assault. This
aircrafi can take off and land vertically or honzontally. Vertical operations are accomplished by a rotauon of
the engines.

b Type Bisatwin-engine, supersonic aircratt which is approximately 10,000 pounds lighter
thanthe Type A aircraty The Type B aircrattis denigned for a fighter-atiack role and can perform intercept

v
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and surveillance missions This airerahy 3lso can take off and land in a veruical or conventuional mode The
veriical mode is accomplhished by use of engine exhaust deflectors

€71 LY. PP An cmem  Th - -n:cnn L N 1
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g.i.1 wiission Gasii éfﬂiun. ing gen
5.7.1.2 represent the current view of the {uture role envisioned for ViSTOL alrcrah 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 10 the ship are identified. The missions and the
characteristics for each type of V/STOL aircraft are provided. Although each type of aircraft can take off and
iand in a conventiona! mode, itis assumed that all takeoffs and landings will be performed ventically. The

V/STOL mission profiles are presented graphically in FIGURES 105 through 114,

5.7.1.1 Type A V/STOL missions. Type A V/STOL missions are defined in a through g:

a. Airborne early warning: Take off vertically, cii
cruise back at high aititude, descend, fand vemcany
b. Antisubmarine warfare: Take off vertically, climb to almude cruise out, loiter, deliver

ordnance, cruise back at high altitude, descend, land vertically
¢. Contactinvestigation: Take off vertically, climb to altitude, dash at low altitude, loiter

and deliver ordnance at low altitude and low speed, c'mb 1o high altitude, cruise back at high alutude,

descend, land vertically
d. -Marine assaull: Take ofi vertically, cruise out at sea level, hover at 3000 f1, cruise back at

sea level, land vertically
e. Surface attack: Take off vertically, climb 10 altitude, cruise out at high altitude, loiter

and deliver ardnance at 20,000 f1 a1 iow speed, cruise back at high aititude, descend, iand verticaily
f. Tanker: Take off verucally, climb to allitude, cruise out at high attitude, loer at low
speed and low alutude wo transler fyel cruise back at hugh altitude, descend, land verucally
g. Verucai onboard delivery: Take off vertically, chimb to altitude, cruise at high altitude,

descend, land vertically

5.7.1.2 Type B VATOL missions. Type B V/STOL miussions are defined in a through

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

vertically
b. Deck launched interceplion: Take off vertically, climb at high speed 1o alutude, dash out

and engage in combat at high altitude and high speed, cruise back at high altitude, descend, land vertically
¢ Subsomcsurface surveillance: Take off vertically, climb to altitude, cruise out and loiler

athigh altitude, engage in combat at intermediate altitude, cruise back at high altitude, descend, land
verucally

5.7.2 Thermatsiress The procedures of 5.6.2 should be applied. Whenever V/STOL designs inciude
cooling systems and techniques designed 1o maintain cool ambient conditions for electroni¢ hardware, 3
Class | thermal efvironment may be used.

5.7.3 Vibrationstress Vibration effects on equipment for V/STOL aircraft operating in a horizontal
flight mode are identical Lo those experienced by conventional fixed-wing aircraft. For vertical fhght modes
{1akeoff and landing), the vibration levels are significantly ditierent because of ground effects. TABLE 45, an
abnidged version of TABLE 31, should be used for V/STOL; it includes vibration test levels (Wg) for v/STOL
peculiar takeoff and landing conditions. The takeotf and landing W valyes were calculated in accordance
with MIL-STD-810, Method 514 3, Test Procedure |, Test Condiuon 1-3.2.5, using V/STOL engine parameter
information ior both Types A and B VSTOL aircrafi,

5.7.4 Elecinicalstress The electrical stress for V/STOL aircraft should be applied in the manner
describedin 5.6 2 8
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53.7.5 Humid:'ly Humidity should be maimained 1n contormance with 56 2 b

5.7.6 Eguipmentioperation The equipment should be in an operating mede during all phases of a
west profile, except for the ground, nonoperating phases.

5.7.7 Testprofiles. Test prafiles for Types A and B W/STOL aircraft are provided in FIGURES 11§
through 124.

5.8 Combined environments foriurbopropeller aircraft and helicopter equipment. Combined
environments for turbopropeller aircraft and helicopter equipment are as specified in 5.8.1 through 5.8.2.4.

5.8.1 Yurbopropelier aircraft environments. The environmental test levels provided herein are
appiicable to equipments mounted within the fuselage of turbopropellier aircraft. The indicated stress
values presented should be used only if actual stress levels are not specified in contractual documents, ang
mission profiles are not provided. Gunfire induced vibration should be considered when the equipment is
mounted in an attack helicopter in which case, MIL-STD-810, Test Method 514.3, Test Procedure |, Test
Condition I-3.2.4 should be consulted

5.8.1.1 Electrical stress Input voltage should be maintained at 110 percent of nominal {or the first
thermal cycle, at the nominal value for the second thermal cycle, and at 90 percent of nominal for the third
thermal ¢ycie. This cycling procedure should be repeated continuousty throughout the reliabifity
developmenttest The sequence may be interrupted for repetition of input voltage conditions retated 10 a
suspected failure. The equipment should be turned ON and OFF at least twice before power is applied
continuously 1o determine sta-tup ability at the extremes of the thermal cycle.

5.8.1.2 Wibration The random vibration envelope in FIGURE 125 should be used. The vibration
shouid be applied during the thermal cycle of FIGURE 126 at the indicated evels for 12.5 minutes at start of
phases B and G and for 12.5 minutes at the start of the ms3410n objective maneuvers during phases C and H
If the mission profile has no maneuvers, the fuli vibration level should be applied for 12.5 minutes midway
during phases C and H. For the remaining portion of the test period, the vibration level should be reduced
to S0 percent of the levels of FIGURE 125

58.1.3 Thermalstress. The general thermal test profile 10 be used isshown in FIGURE 126 This
protie ssrmulates both ccld day and hot day missions, which tagether form one cycle The thermal cycle 1s
continuously repeated until the end of the test  Prior 10 the start of the first thermal cycle, or after storage
at room ambient, the equipment should be aliowed to cold soak for 1.5 hours at the low temperature of the
start of the next thermal cycle.

5.8 1.4 Humiditystress Humidity should be specified to simulate the warm, moist atmospheric
conditions especially prevalentin tropical chmates. Moisture can be induced directly into equipment durning
flightin a humid atmosphere. Installed equipment is also subject 10 condensation, freezing, and frosting as
a result of chimatic temperature humidity conditions.

58.1.5 5Supplementally cooled equipment The chamber air humidity should be in accordance w:th
5.6.2.6. The supplemental cooling a:r may be dried so that the dewpoint temperature is from 3°C 10 13°C
below the temperature of the supplemental air or the chamber air, whichever is iower.

5.8 1.6 Chamber air humidrty Humidity should be introduced into the test chamber in phase D and
increased as the chamber air temperatlure increases, keeping the dewpoint less than the chamber air
temperature. The dewpoint temperature should be raised to 31°C or greater and maintained and controilea
through phases E and F of FIGURE 127. Atthe end of phase F, no further injeclion of moisture 1s required for
the other profile phases, and humidity sha!l be uncontrolled This humidity procedure should be repeated
for each test cycie and phases D, E, and F Drying of chamber air should nol be accomplished al any time
during a 1est cycle
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5.8.2 Helicopter environments. Unless otherwise specified by the procuring acuivity, helicopier
environments should be derived from MIL-$TD-810 and the data provided in 5.8 2.1 through 5.8 2 4 The
combined environments profile is shown in FIGURE 128, and the combined mission profile in FIGURE 129

S.8.2.1 Electnical stresy Use the input voltage variation pec-f-nrl-mhamdw-d_a! vinpment
specification. H the equipment specification does not provide this information, usetheio!lowmg
Normal High Low
28 vDC : 29 22
115 VAC, 400 Hz alternating current (AQ) 122 104

5.8.2.2 Vvibration. Unless otherwise specified by the procuring activity, vibration test requirements
should be established in accordance with MIL-STD-810, Method 514.3, Procedure |, Test Condition §-3.2.6, for
equipmem 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 cycie of 36 minutes on each of thfee axes is required. The equipment shouid be
exposed te a maximum of 5§ g. For equipment installed in Army helicopters, the following vibration shoutd
be applied; 0.05inch (1.27 mm) DA from SHz1024.5 Hz and 1.5g’s pk from 24.5 Hz 10 500 Hz. The wibration
should be applied continuously from 5 Hz to 500 Hz 10 5 Hz. The sweep rate shall be logarithmic and 1ake 15
minutes 1o go from 5 Hz to 500 Hz te SHz  Thus sweep should be applied once durning every hour of

equipment operation

5.8.2.3 Therma!stress Unless otherwise specified by the procuring activity, the thermal profile for
helicopters should be as specified in FIGURE 128 The equipment also should be subjecied 1o a coid soak al
—£2°C and 2 hotsoak at « B5°C asshown in FIGURE 128

5.82<4 Hymidily Refer1o AR70-38 for worldwide humidity stress canditions

59 Combined environments for air-launched weapons and assembled external stores A method for
modeling ar-iaunchec weapons and assembled external store combined environmenta; stresses whese no
flight measured data s availabte {see Reference 22) s provided in 59 1 through 5.9.3. The test profiies are to
be tailored from actua! mission-defined capiive and free-fiight environments. The ¢ritera for establishing
the mission related environmental test profiles include Lime dependent thermal, vibration, and electricai
stresses with oplional humidity and pressure condilions. A general delinition af the methodology requirec
and a description of how Lo establish realistic environmental lest profile parameters are provigeda n 5 9.2
Also, many 1ables and figures are provided to ass:st in the construction of representative caplive anc (ree-
fiight enviranmenta! test cycles A combined environments test cycle should be used when testing air-
launched weapons and assembled external stores carried by atrcraft and helicopters The equipment
mounted .nude these stares should be tested as speafied 1n 5.9.1 through 5.9.3 During the envitonmental
test cycle, the thermal streds, vibration (acoustics), humidity, and input vollage imposed on the test item
should be varied simuttaneously. Specific test condiions should be determined by the type of airerafiupon
whigh the siore 15 carried, and its misuon profile, stores logistics and Life-cycle profile, the equipment class
designation (see MIL-E-5400), and free-flight envelope (where applicable). Several other {actors, provided in
dezailin 5 9.1 through 5.9.3, will assist in the development of a Lest profile. The overall objective is1o

the teyt lahnratary hy umnlannn the &arm(n Uil BNVirONMEents

ayaliiato etara Ar mac
evaluate siore or mussile reliability in the test lahoratory by simulan e service yse

593 Musion profiles Each aircrafi type which carries external stores is designed to operate within
a specific fiight envelope and fly specific captive-carry mission profiles which may include externa! siore
installations on either 1he fuselage or wing pylons, wing Ups, or both. For stores tesung, the hight enveiopes
and mission profiles of the host aircrafi(s) should be determined and used in developing the store captive-
carry environmenta! test profiles (see TABLES 46 through 53 and FIGURES 130 through 137}, When astore s
10 be used on more than one aircraft, a percentage distribution by aircraft and mission should be usec 10
establish the test profiles When no specific use information is available, the misyon-type distribution in
TABLE 47 may be useld Wnendes:gn {hght envelopes and firght misston prof:les are not available, the
generalized fhight envelopes in FIGURES 57 through 62 may be used as a basis for development of the
external store captive-carry test profiles Eachsiore, oesignated Lo be launched from a host arrcrafy, 1s
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designed to fiy its own specific free-flight mission profile{s). The type(s) mission profile(s) for a store in free-
flight is essentialiy unique 10 its mission duration, performance, and objectives. Hence, no generalized
prafiles can be provided The composite misson profile should be consisient with the expecled extremes o’
free-flight duration, alutude, speed, and, temperatures Anexample of the type of information needed 15
shown in TABLES 50 and 51 and in FIGURE 147

5.9.2 Environmental test profiles. Asspecified in 5.6.2, the 1est profite should be developed from the
aircraft mission profile. The conditions which must be defined are the selected climatic category
temperature, the required operational vibration, humidity, and the inpul voltage limits. Eachtest cycle
should consist of two segments. One segment should startin the cold environment category and proceed to
the hot environment. The second segment shouid 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 46. The mission profile should be analyzed 1o determine the environmental stress levels encountered
for the mission fiight phases (takeoff, climb, combat, landing, and so forth) and the ground conditions. In
addition 1o the information derived from the mission profile, the data shou!d be compiled as specified in a
through d:

ripment class (see MIL-E-5400)

vipment location within the store and the store station
pe of cooling for the compartment in which the equipment is located (air-conditioned

ow
- m mn
- O

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

A1able of environmemal profile data should be prepared for the specific aircraft, the stores, and the stores’
equipment. This tabulation should include the information for e through p (in addition to the data in the
example of 5.9 3}:

Mission phase

Duration (minutes)

Altitude (thousands of f1}

Mach number

Compantment temperature (°C)

Temperature rate of change (°C per minute}

Dynamic pressure (qQH1bv/f12)

S0, Wy (g2/Hz), spectrum maximum level
. PSD, W, (g¥/Hz), spectrum minimum level

Humidity

Equipment operauion

Input voltage

BoOod3 AT IO

Sources from which environmental data can be obtained and the methodoiogy 10 be used in entering this
data in the table are discussed in 5.9.2. 1 thraugh 5.9.2.6.2. The methodology describes how each stress level
should be obtained and presumes that no measured data is available, either specific or for similar
apphcations. If measured stress level data (specrfic or similar) is available, 11 should be used. Test condrtions
should be then developed by applying Lhe vibration, thermal, and humidity ground rules discussed in 5.9.2.1
through 5.9.2.6.2. The test enviranments for the free-flight phase simulation are the same as those required
for the capiive-flight phase specified abave However, the simulation of free-flight environments in the test
cycte is imited to post-launch mission profile testing only {including the initial captive-flight taunch
conditions). Inciuded in this sequence is the thermal transistion period from one climatic condition toits
subsequent ¢climatic condition (see FIGURE 131 and TABLE 46). The phasing of the free-fught test cycle
within the overall reliability test sequence depends on the missiles (or stores) projected employment, If a
store is projected (by system specification requirements) 1o be launched afier a specific number of captive-
flight haours, then the free-flight reliability test cycle should be sequenced to ssmulate the mission durauon
and an equivaleni percentage of free-flight launches throughout the overall test program. There should be
not less than one complete series of free-flight launch test cycles per test item
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921 Mission phase The specific mission phases should be derived irpm the mission profile The
number, type, and duration of the phase are a funcuon of aircraft type. The ground cond:tions 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 a1 either a low temperature or a high temperature whenin a
nonoperating mode and the equipment turn ON wiil occur while the equipment is stili at tha1 thermal
condition, both hot and cold starts should be included in the test profile. Each portion of the tast ¢ycle will

be composed of appropriate (omblnatlom seiecred from the most apolicable af the thermat categaries

enacified in 2 and b:
prw i oains w.

a. Ground environmental extremes {captive fight - phases A, D, G, I, L, O, an0 Q, and

FIGURE 130)
1. Mp-STD-810 Table 520 0-1 (hot atmosphere, cold atmosphere, and warm moist
atmosphere mode!s), or, AR70-38B, C1, as appropriate

2. MIL-STD-810, Table 503.2-11 (high temperature geographical climatic categories)
and Table 503.2-111 (low temperature geographical climatic categories), or, AR70-38, C1, as appropriate

3. Selectled conditions from MIL-STD-210 or standard atmoaspheric tabies

4. Determined by individually iailored life-cycle requiremants

el £ W 1 RA

b, ﬂ: ht environmental extremes {\'.5;'.'?.!-.-'-‘:'= and free- "'gh - phases EERL -1

FIGURES 130 AND 131)
1. MIL-5TD-B10, Table 520.0-111 {(hot atmosphere, cold atmosphere, and warm moist

atmosphere models), or AR70-38, 1, as appropriate

S‘Landard aimospheric tabies {standard, hot, and ¢oid)

Selecied conditions from MIL-STD-210 or standard atmaspheric ta

Determmed by individually tailored mission requirements

Ard D and
Or, oy

h_I.UN

The first half segment of the 1otal test cycle (see FIGURE 130) starts after the ambient transilion to the
ground extremes of the specified cold climatic region environment and proceeds 1hrough 1o the Completion
of the seiected hot-<himatic musion profiié {phases A ihiough K} The second half segment begins al the
ground extremet of the spacified hot climati region environment and returns through the remaining
chirnatic phases of the test cycle to the completion of the specified around cold chimatic region environment
{phases | through Q). A posti-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

freld use study and mission profile(s} requirement.

=1

profile. When more specificinformation is lacking, the external store test times specified in a through d can
be used:

£.9.2.2 Duraticn The duration of sach mission flight phase sheuld be obtained from the mission

a. For atypicai air superiority fighter with an air-10-air caplive-carry weapon mission only, a
tymics! mission ume should be a minimum of 1 hour, 40 minutes.

b. foratypical tactical or attack aircratt imerdiction aircrafl) with an external caprive-carry
Weapon system for an air-to-surface mission or for an aircraft with a suppornting electronic warfare mission
(assembled external store), a typical mission time should be a minimum of 2 hours.

¢. For atypical air-to-air or air-to-surface strategic aircraft mission {(endurance), the
minimum mission ume shouid be 24 hours.

d. Forexternal caplive-tarried assemblead sioves on ranspont fargo-type airtraf (special
missron), the assumed minimum mission time should be 6.5 hours

5923 Electrical stress When no values are specified by the individual equipment detail
specification, input voltage shatl be maintained at 110 percent of nomina! for the first test ¢cycle, at the
nominal valuve for the second 1est cycie, and a1 90 percent of nominal for the third test cycie. Thus cyciing
procedure should be repeated continuGusly throughout the test. Rowever, this seGuende mey be
interrunted {or the repetivon of inout voltage condiions related 10 2 specific faiure. Aircratt and siore
electrical interface compatibility should be maintained throughout the test cycles The equipment shoulc be

(=23
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turaed ON ard OFF at least twice in each thermal phase before continuous power 1s applied to determune
tta up abihity al the exlremes of the thermal cycle During the nominal input voltage sequences, shor-ters.
interrupts (10 microseconds {us} to 300 us} 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 operanional missions, the input vollage stress variations
specified herein for the normal equipment operations should be followed.

5924 Vibratienstress

andom vibration Eheu!d be applied to the interna! equipment item

designated for store in aircraft mstallauon in accordance with 5.9.2.4.1, and for the air-launched missite and
assembled external stores, in accordance with 5.9.2.4.2. The random vibration test level for each phase of
the 1est cycle should produce the random vibration responses on the test item, required by the maximum
predicted environment of FIGURES 132 through 134 and TABLE 48 (for (g, m,) overall (OVL)) level
adjustments and FIGURES 135 through 137 and the equations of TABLE 49. The maximum predicled
environment is derived from the 95th percentife with 50 percent confidence {for a one-sided tolerance fimit)
using standard statistical analysis procedures, for the period of marimum overall random vibration leve!

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 installed in more than one location on more than
one aircratt, the mglu‘:i‘l eHeclive random vibration fesponse level of exposure {0 be encouniered by the tes:
item duning captive-flight should be computed for each 1est phase and should be used throughout the
captive-flight test. The free-fhight response from externally applied vibration should be as defined by the
mission profile performance {see 5.9 2)

5.9.2.4.% Eguipment performance test The individual equipment test item(s) shouid be subjecied 1o
random vibration excitation on the most sensitive anis The PSD tolerances of apphied vibration can be
selecied according to the Randam Vibration Test Methods and Procedures paragraph of Method 514 3 o!
MIL-STD-810, and the weight reduction factor of Figure 514.3-27. The test item should be attached 10 the
vibration exciter in accordance with the appropriate Test Setup paragraph of Method 514.3, MIL-STD-B10
fquipment hard-mounied inservice use shouid be hard-mounted 10 ihe 1esi fixlure and soft-mounted
equipment shoutd use service isolators when mounited on the test fixture. If service isolators cannol be made
available during the test, isolators with comparable dynamic characteristics should be provided The
acceleration PSD of applied vibration (g2/Hz), as specified on 1he test fixture at the test item mounting
points, should produce the random vibration responses calculated in accordance with 5.9.2 4. The duration
of each phase of the tests should be determined from the individual mission analyses.

5.9.2.4.2 Fully assembled captive-carry stores performance test. The test item shall be mounted using
a test setup simulating the actual mounting impedance. The individually installed and operattonally capable
equipment (inside the fully assembled store) should be mounted in an actual installation configuration The
random vibratior input levels, tolerances, and duratuions for the fully assembiled store should be measured
responses asspecifiedin 5 9.2 4 3, except that the vibration input level adjustment factors shoutd be reduced
3 dB from the (g, m,{OVL) values shown in FIGURES 132 through 134 and TABLE 48. Thisreductior.ss
applicable only 1o the fully assembled arr-launched missiles and assembled external stores.

5.9.2.4.3 Generalnotes 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 level for each
phase of the profile will be determined from FIGURES 132 through 137 and TABLES 48 and 49 Where no
specific mission profile is available, the procedure of 5.6.2.5 should be used, with the FIGURES 132 through
137 and TABLES 48 and 49 specified above 10 determine the vibration response levels

b. Cargo aircraft: Unless unusual mission profiles are determined, takeoff and cruise
profiles {vibration respense levels) can be the only required vibration levels.

€. Minimum {Wp) test level: The minimurmn (Wg) vibration response test level should be
0.001g2/Hz. 1f the calculated response test ievel is less than 0.001g2H2, the vibration response 1est mimimum
1.3g,m; {OVL) spectrum of FIGURES 132 through 137 and YABLES 48 and 49 should be used during this
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poruion of mission profile. This spectrum should produce a minimum vibration response of 0.001g/Hz. 1f it
aoes not, a (W) tevel of 0.031g2/Hz should be used

d. Option: The maxuimum (W) vibration level determined may be used for the vibration
response level throughout the test However, this is not recommended since i11s an overtest condition

e. Gurhire environmeni: The gunfire environmentis not considered in this test, but
should be considered in the environmental qualification test. 1 applicable, use MIL-STD-B10 Method 519.3

f. Composite vibration profile: When equipments are to be installed in turbopropellers
and helicoptlers (see 5.8), and jet aircraft {see 5.6), a composile random spectrum should be generated Seeh
below and 5.9.3 for an example of composite spectrum.

g. Wing and fin up and fuselage externai stores: When a store is 1o be instaiied in
multiple locations on an aircrafl, a composite vibration response profile should be used.

h. For turbopropeliers and helicopters, the special transmission drive and low frequency
blade passage excitation forcing funclions calculated by the method in 5.8.2 of Reference 22 (helicopters)
and MIL-STD-810, Method 514.3 (turbopropellers), should be superimposed on the acceteration PSD
response specira obtained from the use of FIGURES 132 through 137 and TABLES 48 anc 49,

5.9.2.5 Thermalstresses. The thermal stresses for supplemeniary cooled equipments should be
determined for each test phase in accordance with 5.9.2.5.1. All other equipments shou!d use 5.9.2 5.2. The
duration of the ground test cycles of FIGURE 130 (phase A, D. G, |, L, O, and Q) should be long enough 10
reachinitial stabihzation of temperature in accordance with the stabilization of ltest equipment (see
MIL-STD-B10D, Stahihization of Test Temperature paragraph).

5.9.2.5.1 Supplementally cooled equipments. The flow rate, temperature, and dewpoint
temperature of the supplemental air should be in accordance with the individual equipment specification
valugs during all phases, except the nonoperating poruons of phases A, 0, G, I, L, O, anc Q. During these
partions of the test phases, the supplemental air flow should be zero. The thermal environment external 10
the test item should be in accordance with §.9.2.5.2. During surrounding external air heat up, the mass flow
of supplemental air should be the minimum specified, and this should be maintained until the surround:ng
external air coois down. During surrounding external air coo! down, the mass fiow of supplemental air
should be the maximum spacified, and this chould be maintained until the surrounding external air heats up

FIATS L 2 g

59.25.2 ODiherequipments The thermal stressesin each test phase should be in accordance with
FIGURES 130 and 131 and TABLE «6 and the environmental stresses of the applicable mission profile Use the
methods 0f 5.9.2.1 through 5.9.2.4.3, if a mission profile is not available, An example of the construction of

an environmental stress profne 1 presented in 5.3.3

$8.26 Humiditystress. Humidity should be specified to simulate the warm, moist atmospheric
conditions especially prevalent in tropical climates. Moisture can be induced directly into equipment during
flight in a humid atmosphere. Installed equipment is subject to condensation freezing and frosung as 2
result of climatic conditions. Where applicable, humidily can be varied {from 100 at sea level) directiy with
the air density ratio, within 25 percent RH.

5.9.26.7 Supplemenially cooled eguigmenl The chamber air humidity should be in accordance
Q262 The supplementa) rnnlnnn air mav ho driad en that ite rlnn.u'g\ncnl. temperalyre is fram 2“C 10
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13*C below the temperature of the supplemenlal air or the surrounding air, whichever is lower.

$9.2.6.2 Chamber air humidity. A dewpoint temperature of 31°C or greater shouid be attained
during the initial partion of phases D, G, |, and M of FIGURE 130 and maintained until the end of these
phases No furiher injection of moisture is required for the other profile phases for the fully assembled
stores or for hermetically sealed equipment tests, and the humidily should be uncontrolled. For non-
hermetically sealed equipment, the RH should vary from 100 percent al sea level directly with the air density
ratio (from 95 percent RH 2 § percent RH). The dewpoint temperature should be maintained and controlled
3. 31*Cor greater for each subsequenitest cycle in Phases D, G, I, and L. Chamber air should not be dried at

any ume during a test cycle
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5.9.3 Example of construction of environmental profile This example illustrates the construction of a
Loraposite mission test cycle profile for an aircraft with a captive-fiight assembled external store and 11y
internally installed equipment The example informauor is as prowided in a8 through e.

a. Equipment Ciass 2 in accordance with MIL-E-5400

b. Equipmentinstalled in air-conditioned missile or store avionics compartment

¢. Equipmentis 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 noses

e. The final environmental requirements for this example are derived from the data specified
tn 1 through 20:

1. FIGURE 139, Environmental engineering program schematic.
2. TABLE 50, Preliminary operationa! design requirements (expected life of 5 years)
3. FIGURE 140, Logistics functional schematic diagram.
4. FIGURE 141, European scenario assumed maintenance schedule and possible operationat
utilization rate for environmenta! analyses (example)
S. FIGURE 142, Targel movement umeline {or environmental design cnteria (European
scenario) - large quantities (example).
6. FIGURE 143, Estimated percentage of time distribution for transportation, hold/delay,
and handhng, for nominal-probable factlory-to-theater movement umeline.
7. TABLE 51, Life cycle environments
{A) Distribution of environmenial exposures and durations.
B. 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 52, Assumed Lypical attack mission profiles
11. TABLE 53, A method for calculating test profile umes for a specific number of test cycles
12. FIGURE 146, Vibration factor [g,m(OVL}]? flight mission profile (high-medium-low) use
with FIGURES 130 and 143 excep! ("), versus minimum g, (OVL)2 {example).
13. FIGURE 147, Vibration factor [g,m,(OVL))2 flight mission profile high-low-high use with

FIGURES 130 and 144 except {*), versus mimmum g,m;{OVL0)? {example).

14. TABLE 54, Antack aircraft captive-carriage mission profile data example

15. FIGURE 138, Low-low free-fhight mission profile {example).

16. FIGURE 148, Store free flight vibration factor (g, m;(OVL)?} flight mission profile low-low
use with FIGURES 131 through 134 and TABLE 4B (example)

17. TABLE 55, Assumed free-flight mission profile for exampie store {low-low), vibration.

18. TABLE 56, Assumed free-flight mission profile for example store (low-low) standard day

19. FIGURE 149, Unit g,m, {OVL) acceleration PSD versus frequency spectra (frequencies
should be determined by Method 514 3 of MIL-STD-810, as applicabie).

20. TABLES 57 through 60, Composite 1est cycle profile example timelines.

The event times for determining the temperature for each phase {prior to the adjustment by the test cycle
time facior) are givenin TABLE 52 The resulting profiles are givenin FIGURES 142 and 143. The
temperature rate-of-change for each capuive-flight temperature step is greater than or equal 1o 25°C per
minute. The rate of altitude change 1s approximately set a1 10,000 f1 per minute, average far capuve-fhight
(time to climb, dive, idle descent). The aluitude and temperature rates-of-change for each phase of the
example mission are shown in FIGURES 144 and 145 for captive flight, and FIGURE 147 tor free-fhight. The
vibration respense conditions (prior to the adjustment by the cycie time factor) are calculated for each thght
phase and histed in TABLES 54 and 55 FIGURE 149 shows the final vibration response test (baseline
conditions ) PSD to be applied for use with the mission profile vibration response faciors of FIGURES 146,
147, and 148. The dewpoint temperature should be raised 10 31°C or greater at the beginning of phase D
The 31°C or greater dewpoint temperature should be maintained until the completion of phase L. Ground
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Operation, Ambient Day. For the remaining phases of the test profile, the humidity shou!c be controlied
with the RH staruing at 95 percent ( = 5 percent RH) at sea leve! and following as closely as possible the
density ratio vaniatron expected with altitude. For repeated profile cycles, the dewpoint should be checked
as specified herein for phases A through Q. Electrical siress should be in accordance with 5.9.3.3 The final
test cycle times should be adjusted by the 1est cycle ume factor from TABLE 53. The final composite test cycie
profite timeline for the example is given in TABLE 57. For this example, the cycle is repeated 10 umes (6 high-
medium-low missions, 4 high-iow-high missions, with one simulated launch on each test item, also consisting
of 10 test cycles)

5.10  Missite transporiaiion, handling, and sicrage. The envirgnmaental conditions of
transportation, handhing, and storage also affect equipment performance and reliability. In order 10 address
all of these conditions, TABLE 61 has been prepared. This table provides a single point of reference for all
environmental conditions which might be encountered as a resuit of various methods of transpontation,
handling activities, and storage conditions.

5.10.1 Rail transport conditions. The test conditions which are to be used to simulate the eftects of
vibration, shock, and temperature which resull from transporting equipment by rail are provided in 5 10 1.1
through 5.10.1.4 {see Re‘arence 24). These conditions will always assume that the equipment s not
operaung and therefore no equipment operating parameters or requirements are given

510.7 1 Vibrauonitesting FIGURE 150 encompasses the real world vibration cond tions reponed by
the railroad industry. The three curves shown on FIGURE 150 (best, worst, and nominal) define the complete
vibraton spectra associated with ra:l transporiation. The worst case {Curve 1) represents uncushioned rai!
transporiation and was developed by defining a curve which envelopes all conditions  Thus curve was
generated by visually drawing a straight line which encompassed all applicable data points and was
langential to the maxrmum values obtained. This curve represents data taken from the powe* density
versus frequency plots of appropriately selected sources The best case (Curve lll) represents data depicting
cushioned rail transportation, This curve is taken directly from “An Assessment ot the Common Carrnier
Shipping Environment™, by Ostrem anc Godshall which is discussed in Reference 24 115 shown as a best case
hecause 1t represents the vibration environment of-a truck trailer mounted on ara! flatcar 1tems
transporied in this manner are cushioned by both the trailer suspenson system and the rall car suspension
system, This cushioning effect provides the best protection of equipment with respect to shock and
vibration expected during rail transport. The nominal case (Curve I1) represents the most probable profite as
defined by general rail transport conditions. Thes curve was defined with the use of Lhe compuler generated
regresson analysis. Using the same data poinis mentioned for Curve i, & piece-wise, leastsquare inear
regression was perfarmed for each of the three segments of the curve. The results of these analyses were
combined to produce the single vibration envelope shown as Curve Il. These three turves may be selectively
specified for rail conveyance simulation tests depending on the damage avoidance requirements estabhished

for the equipment.

5.10.1.2 Shock testing. The profile given for shock 1esting represents the worst-case composite of
the shock force data reported for U.S. Rail Transportation conditions. The profile encompasses real-world
condiions and provides nominal shock test parameters.

Force Duratign Avis Repetition
?04g’s 10ms Longitudinal Every 3 minutes

These conditions are the recommended shock test parameters.

£.10.1.3 TYemperature testing The nomina! temperature range to be used in rail transportation
testing is specified as follows, Asindicated, temperature levels assume a start and end point at room
temperature {see FIGURE 151)

Starting point Low point High point End point
24°C -12-C s4*C 28%C
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5.10.1.4 Testtimeline Tointegrate reliabiitty tesuing ot all of the critical characteristics, a tes:
~.chneisnecessary FIGURE 151 provides that timeline requirement, indicating the schedule relationship
etween shock, vibration, and temperatui e testing for both cold day and hot day. Temperature levels mus?
be maintained bul are critical only from 15 minutes prior 10 and during shock testing. Equipmentis to be
swnoperating and packaged for shipment during testing.
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6 TESTINSTRUMENTATION AND FACILITIES

6.1 Purpose The purpose of this sectionis to assure that reliability tes\s are adequately planned and
that properly certified and calibrated equipment and facihties are provided ang accepled by the procuring

activity, prior lo the start of reliability testing.

6.1.1 Scope. Thissection establishes basic requirements for test equipment and facilities used in the
performance of reliabihity tests

6.2 Test facilities and apparatys. Test faciiities and apparatus used in the periormance of reliability
tests should be capable of providing the test conditions discussed in this handbook.

6.2.1 Test chambers. Test chambers should be capable of mainiaining the environmental conditions
of the specified rest level. Thatis, a chamber should be capable of:

3. Maintaining the ambient and forced air temperatures a1 the specified temperature level,
+2°C, duting the test. The rate of temperature change of the thermal medium, in both heating and cooling

cycles, should average not less than 5°C per minute. Chamber and equipment cooling air temperatures
shou!d be monitored continuously, or penindically, at a monitoring frequency sufficient to ensure proper
chamber operation. Means should be provided 1o interrupl the programming used in the automatrc control
of lemperature cycling until the maximum and minimum air temperature requirements are satisfied.
Proteclive devices should be installed o shut off the equipmen being tesied and the heating source, in the
case of temperature overruns. However, equipment cooling should be maintained 1o prevent overheating
of the eguipmentunder tesl.

b. Mantaining specified vibration within + 10 percent for sinusoidal sweep or single
frequency. For rangom vibration, the rules specified in 1 through 3 apply: (See the Random Vibration Test
paragraph of Method 5142, MIL-STD-810).

}
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more than:
A+ 100, ~30 percent | + 3dB, -1.5 dB) below 500 Hz
B. «+ 100, -50 percent (% 3 dB) between S00 Mz to 2000 Hz
2. Deviauons aslarge as + 300 percent (+ 6dB) and -75 percent (- 6 dB) shoulid be
allowed over a cumulative bandwidth of 100 Hz maximum, between 500 Hz and 2000 Hz,

3. itisrecommended that the vibration equipment be checked for proper operation
afier each 22 hours of operauion and that vibration be monitored with automatic devices to prevent overtest

conditions

L P

6.2.2 Equipmenicooling The equipment shouid be cooled by means of its designed-in cocling
system. When it is not practical to test the equipment and 1ts cooling system as a unit, simuiated coolant
conditions and attributes used should be included in the 1es1 procedures Regardless of the method of
cooling, all equipment should be tested under contractualty specified mission and environmental profiles.
The coolant attributes should be as specified in6.2.2.1and 6.2.2.2.

6.2.2.1 Exilernal cooling When there islittle or no mixing between the chamber medium and the
coolantsuch as, in the ducted liquid, ducted gas, or direct blast gas methods, the coolant should be:

a. The type to be used operationally
b.  Althe maximum temperature and the minimum rate of flow {in accordance with input

requirementsn the individua! equ:pment specification), when the chamber temperature is at the highes)

¢.  Atthe mimimum temperature and the maximum rate of flow when the chamber
temperature is atits lowest, {(When the chamber temperature is below the specified lower hm:t temperature
for cooling ar, and the equipment is turned OFF, the cooling air supply should correspond 1o conditions
anticipated in the equipmentinilailalion }

<h
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6.2.2.2 Internal coolant method. When the gas within the chambe: is used as the coolant, it
snould be:

3. Al a wemperature which permits the requirad test level i the approvad 185t procedure io
ha arnsined

b. At the minimum rate of flow (per coolant input requirements in tested equipment
specification} when the chamber temperature is 8t the highest

¢. At the maximum rate of {iow when the chamber temperaturea is st the lowest

6.2.3 Test instrumentation. Test instrumentation, bayond thal réquirad (o the environmantal
chambers, musi 56 providsd 1o maasurs snd monitor the parformance paramestars pf the squinment undar
et as listed in tha test procedures

6.2.4 Calibration and accuracy. The environmental and monitoring test facilitins should be in proper
opersting condition, as specified in MIL-STD-45662. All instruments and tast instrumentation used in

conductinn tha tasie should havae an scocuracy of st lazx1 ona-third of ihe toierence for the vanshia 10 be

measurad, -

6.2.5 Testing the test facility. The test facility should be tested to ensure that it is operating properly
under the requirad tast conditions. Uniess otherwise approved by the procuring activity. equipment other
than the test sampies should be used to verify proper operation of the test facility,

2.5 inatalialion of the tast item in the test 1achlity. Uniless otherwisa specilied by the procurning
activity, the 1act itam should be natallad in the test {facility in »# manner which simulates sarvice usage,
Connactions and attached ingtrumantation should be used only as absolutely necessary 1or the test. Plups,
covers, and inspection piates not used in operation, bul used in servicing, shouid remain in piace. Whan
mechanical or slactrical connections are not used, the connections normally protected in service should be
adequately coverad. For tests in which temperature vaiues are controlied, the test chamber should be at
standard ambient conditions when the test nem is instaiied. The test item shouid then be operated tu

gatzrming that no maliunclion or damage was caused dut 1o faulty instaliztion or hengling.

6.2.7 Subject term (keyword) listing.
Combined environmental tes: cenditions
Environmental Stress Screening (ESS!)
tnvironmantel test profiles
Lile-cycie environmanial prolilas
Missinn nrofiles
Production Relisbility Acceptance Tests {(PRAT)
Raliability Development/Growth Tests (RD/GT)
Reliability Qualitication Tests (RQT)
Reliability 1est methods
Heitabiiity test pians

70



L

w

1o

12.

13

14,

15.

17,

TECHNICALMLIB RKEY

7. REFERENCES

Duane, J.T. 1964, Learning Curve Approach to Reliability Monitoring, IEEE Transacuions on
Aerospace, 2: 536-566

Crow. L.H. 1974, Reliability Analysis for Complex Repairable Systems, US Army Material Systems
Analyss Activity, Techmcal Report 138, Aberdeen Proving Ground, MD.

Ascher, H.E., 1984, On the Estimation of Required Screening Time to Enture 2ero Remaining
Defecie, Presented at the Institute for Environmental Sciences Annual Technical Meeting

A. Harter, H.L., 1964, New Tables of the Incomplete Gamma Function Ratio and of Percentage
Points of the Chi-square and Beia Distributions, U.S. Government Printing Office, Washungton, DC.

NAVAIAT P22S2 May 1078, MNavy Manufagturing Sereening Program.

sexton, T.,1972, MRl and RAT Evaluation Procedure, Grumman Inter-Office Memorandum,
A 51-340-1-72-264,

Schmee, J. and Bryam C M., February 1979, "Confidence Limits on MTBF jor Sequentiai Test Pians
of MIL-5TD-781", Technometrics, Vol. 21, No. 1,

Y e e nrar?

Wald, A., 1947, Sequential Analyss, John Wiley & Sons, New York, NY,

Ea tein, B. and Sobel, M. 1955, “Sequentiat Life Tests in the Exponential Case”, Annals of
athe mancals austics, Volume 26, pp. 82-93

Bazofsky, |, 1963, Reliability Theory and Practice, Prentice Hall.

Handbook of Mathematical Functions With Formulas, Graphs, and Mathematical Tables, U.S.

Depaniment of Commerce, National Bureau of Standards, Applied Mathematics Series, No 55,

Butier, 0 A, and Lieberman, G.J., June 1980, An Early-Accept Medification 10 the Test Plans of
A litary Standard 781€, Technica! Report Mo, 198, Depariment of Operations Research and

4 At b

Department of Statisucs, Stanford University.

Mann, N R., Grubbs, F.E., 1972, “Approaimately Optimum Confidence Bounds on Series Systems
Reiiability for Exponential Time to Failure Data™, Biometrica, Vol.59, pp 191-204.

Mann, N.R., 1974, “Simplified Expressions for Obtaining Approximately Optimum System
Rehability Confidence Bounds from Exponential Subsystem Data”, journal of the Amerigan
Statistical Association

Mann, N.R,, Schaffer, R.E, Singpurwalla, 1974, Methods for Statistica! Analysis of Rehiabitity and
Life Data, Wiley.

CORADCOM, February 1979, Product Assurance and Test Directorate, Procedure for Use of
Enviranmenta! Prolites in Reliability Reguirements of MIL-STD-781

Report Series, Annual Repoﬁ Sep 3:78. Commanding Officer, Naval Ship Weapon Systermns
Engineering Statian, Port Hueneme, CA 93043, Environmental Profites for Reliability Testing of
Navy Flectromic Eguipmenrt Annua' Report December 1978

Naval Ocean Systems Center, San Diego, CA, Environmenta’ Profiles tor Environmental Testing of
Electron ¢ Eguipment, March 1979 (submarines).

71

4 Nacwmme Krugy #vGUFL



TECHNICAL LIBRARY

9 Weapons Quality Engineenng Center, Naval Undersea Warfare Engineerning Station. Keypori. WA,

Underwater Vehicle Environments

Jt. RMS-79-R-1, Development of Fnvironmental Praides ior Tesung fquipment installed 1n Nava!

-

Aircran (Fixed Wing), Grumman Aerospace Carporation, Febiruary 1979 (AL-ADS8713).

S1  RMS-79-R-3, Develooment of Environmental Profiles for Testing EqQuipment installed in Naval
V/STOL Aircraft , Grumman Aerospace Corporation, May 1973 (AD-A099744).

22 3-56310/4R-238, 28 September 1984, Recommended Reiiabiiity Environmentaij Stress Tesiing
Conditions for Helicopler Mounted Equipmeni and Assembled Externa! Siore;. LTV Acrospace

and Deafarnca Camnany
H RN LoMmpany.

23 Piersol, A. G., December 1984, Vibration and Acoustic Test Critena for Captive Fhight of Externally

Carried Aircraft Stores AFFDL-TR-71-158.

LY
f 29

spencer, M. G, March 1988, MIL-STD-78! Undate Support 82! Transporiation Environmental

-
.,
Prolile, ADM Corporation

Custodians: Preparing Activ
Army - CR Navy - EC
Navy - EC
Air Force - 11 {Project RELI-003

Review activities:
Army - CR, MI, AR, AV
Navy - AS, SH, OS
Air Force - 01, 10, 13, 16, 17, 18, 19

User activities:
Army - AT, WC, ME
Navy -

Air Force -

72



£L

TECHNICAL LIBRARY

TABLE 1. Application matrix

MIL-STD-781 Tasks MIL-HDBK-781
Task Number Title Test Method or Test Plan Paragraph
202 Reliability DevelopmenU/Growth Test Duane Method 43.2
{(RO/GTY
AMSAA Method 413
n Reliability Quahfication Test (RQT) Standard, PRST 4.6
Standard, Fixed-Duration a.7
02 Produclion Reliability Acceptance MTBF Assurance Test 4.5
Test {PRAT) Standard, PRST 4.6
Standard, Fixed-Duration 4.7
Standard, All-Equipment 48
a0 Environmentul Stress Screening (ESS) Computed [55 Time
Interval Method 4.4.2
Graphical Method 443
Standard £5% 444
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TABLE 2. Summary oi variables for the AMSAA mogel

th

[4+]

o>

T

.

(8
2,

o
2

p(t)

Cumulative test ume to the 1ith failure -

Total number of failures observed

N-1i

Toal period of observation

Statstic used to test for trend in the data. The distribution of u 1sin standardized
normal form.

A growth parameter estimate vsed to dascribe the variation of the failure rate wi

ume If the failure rate s increasing, the parameiter is greater thanone For a
constant failure rate, 1t is equal to one if the failure rate is decreasing (growth),

ce alm oo

\nen 118 'IESS 1nan onge
An unbiased esumate of the true vaiue of the growlin parameter

Afier the growth parameter esumate has been obtained, itis possible 10 esumate
the scale parameter, A by 1

Cramer-von Mises goadness-of-fit test statistic, as calculated from the observations
interval estimate of the failure rate at the ume of the last {ailure

Interval estimate of the failure rate at a future time

L e e T A o E A A e - —————— Y y— ————— ————
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JABLE 3 Summary of equations, AMSAA model.
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TABLE S Critical values of Cn; parametric form of the Cramer-von Mises statistic

Level of-signiﬁcance a
MY/ 0.20 0.15 0.10 0.05 0.01
2 0.138 0.149 0.162 0.175 0.186
3 0.1 0.135 0.154 0.184 0.231
4 0.1 0.1386 0.15% 0.191 Q0.279
5 0.421 0.137 0.160 0.199 0.295
6 0.123 0.139 0.162 0.204 0.307
7 0.124 0.140 0.1658 0.208 0.316
8 0.124 0.141 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 0.2 0.333
100 0.129 0.147 0.173 0.221 ) 0.336

Y for M> 100, use values for M = 100.
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Tag .t & Confidence intervals for MTBF, failure-terminated test.

.80 .90 95 .98
N L u L U L u L u
2 0.B065 |33.76 0.5552 72.67 0.4099 Hh51.5 0.2934 3899
3 .6840 8.927 5137 14.24 4054 | 21.96 3119 37.60
4 5601 5.328 5174 7.651 .4225 10.65 .3368 15.96
5 6568 4.000 .5290 5.424 4415 7.147 .3603 9.995
6 .6600 3.3 5421 4.339 .4595 5.521 3815 7.388
7 .6656 2910 5548 3.702 4760 4.595 .4003 5.963
8 .6720 2.634 5668 3.284 4910 4.002 4173 5.074
9 .6787 2.436 5780 2.989 .5046 3.589 4327 4.489
10 6852 2.287 5883 27710 5171 3.286 4467 4,032
11 .6915 2170 .5979 2,600 5285 3.054 .4595 3.702
12 .6975 2.076 .6067 2.464 5391 2.870 4712 3.443
13 .7033 1.998 6150 2,353 .5488 2.7 A8 3.235
14 .7087 1.933 .6227 2.260 .5579 2.597 .4923 3.064
15 .7139 1.877 6299 2.182 .5664 2.493 5017 2.923
16 7188 1.829 6367 2.144 .5743 2.404 5106 2.800
17 7234 1.788 6431 2.056 .5818 2.327 .5189 2.69%
18 7278 1.751 .6493 2.004 .5888 2.259 5287 2.604
19 .7320 1.718 .6547 1.959 .5954 2.200 .5341 2.524
20 .7360 1.688 6601 1.918 6016 2.147 541 2.453
21 .7398 1.662 .6652 1.881 .6076 2.099 .5478 2.390
22 .7434 1.638 L7010 1.848 .6132 2.056 5541 2.333
23 .7469 1.616 .6747 1.818 .6186 2.017 .5601 2.281
24 .7502 1.596 .67M 1.790 6237 1.982 .5659 2.235
25 7534 1.578 .68133 1.765 .6286 1.943 5714 2.182
26 7565 1.561 .6873 1.742 6333 1.919 .5766 2.153
27 .7594 1.545 6812 1.720 .6378 1.892 .5B17 2.18
28 7622 1.530 .6949 1.700 5421 1.B66 .5865 2.083
29 .764% 1.516 .B983 1,682 5482 1.842 .5912 2.052
30 7676 1.504 7019 1.664 6502 1.820 .5957 2.023
35 7794 1.450 773 1.592 6681 1.729 6158 1.905
40 .7894 1.410 7303 1.538 .6832 1.660 .6328 1.816
45 .7981 1.378 7415 1.495 .6962 1.606 .6476 1.747
50 .80S7 1.352 7513 1.460 7076 1.562 6605 1.692
60 8184 1312 .7678 1.407 7267 1.496 .6823 1.607
70 .8288 1.282 7811 1.367 7423 1.447 7000 1.546
80 .B375 1.259 .7922 1.337 7553 1.409 7148 1.499
100 8514 1.225 8100 1.293 7759 1,355 .7384 1.431
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TABLE 7. Confidence (mtecvals for MTBF time-terminated test

Y 80 .90 a5 98
N L u L U L U L u
2 0.261 18.66 0.200 38.66 0.159 78.606 0.124 198 7
3 .333 6.326 .263 9.736 217 14.55 174 2210
4 ..385 4.243 312 5.947 262 8.093 215 11.81
5 420 3.386 .352 4.517 300 5.862 .250 8.4
6 .459 2.915 .385 3.764 33 4.738 .280 6.254
7 .487 2.616 412 3.298 .358 4.061 305 5216
8 S 2.407 436 2.981 .382 3.609 .328 4.539
9 53 2.254 457 2.750 .a03 3.285 .349 4.064
10 .549 2.136 .476 2.575 A1 3,042 367 1.712
1\ .565 2.041 .492 2.436 438 1.852 384 3.44)
12 .579 1.965 507 2.324 453 2.699 .39% 3.226
13 .592 1.901 S 2.232 .467 2.574 413 3.050
14 .604 1.846 .533 2.153 .480 2.469 426 2.904
15 .614 1.800 .545 2.087 .292 2.379 438 2.781
16 .624 1.759 .556 2.029 .503 2.302 449 2.675
17 633 1.723 .565 1.978 513 2.235 460 2.584
18 .642 1.692 575 1.933 .523 2176 470 2.503
3 .E50 1.663 583 1.892 532 2.123 AT9 2.432
20 .657 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 1.574 .613 1.769 563 1.961 .50 2.215
24 .682 1.557 .619 1.745 .570 1.929 .518 - 2.173
25 .687 1.540 625 1.722 .576 1.900 525 2.134
26 .692 1.525 631 1.701 .582 1.873 S 2.098
27 697 .51 .636 1.682 .588 1.848 .537 2.068
28 .702 1.498 .6a1 1.664 .594 1.825 .543 2.035
29 108 1.486 646 1.647 599 1.803 .549 1.006
30 AR 1.475 651 1.631 .604 1.783 544 1.980
35 729 1.427 672 1.565 627 1.699 .579 1.870
40 .745 1.390 690 1.515 6546 1.635 .599 1.788
a5 758 1.361 705 1.47% £€2 1,585 817 1.723
50 769 1.337 .718 1.443 676 1.544 532 1.671
60 .787 1.300 .739 1.393 .700 1.481 657 1.591
70 801 1.272 .756 1.356 .718 1.435 678 1.533
80 .B13 1.251 .769 1.328 734 1,399 695 1.488
100 831 1.219 J91 1.28% 758 1.347 J22 t.423
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TABLE B AMSAA model example

1 2 3 a g 6 7
Faiiure ~allure inX, inX, X \I-‘-S X, \--"504-2- ET X, j4505 7
nurnbe time 000/ 000} |_\1000'
) i 1.5 405 405 053 40 x 10-5 40 x 105
p) ! 3.2 1.163 1.569 075 61x10-5 101 x 10-%
3 g 11.8 2.468 4,037 135 97 x 10-5 199 x 10-5
q | 29.6 3.388 7.424 .205 81x10:3 280 x10-5
Y ! 53.6 3.582 [11.406 .268 104 2 10-% 3851 310-5
5 §5.2 4177 lis.s82 .292 551x10-° Q37 x 10-5
7 119.4 4.782 |20.366 .384 243 x 10-5 1181 x 10-5
8 265.3 5.581 125.947 .550 251 x 10-5 1432 x 10-5
9 294.0 5.684 |31.630 576 9x10-5 1441 x 10-5
1 4a1.} 6.089 [37.720 692 340 x 10-% 1781 2 10-%
i 485.1 6.142 |43.862 .708 7x10-5 1788 x 10-5
7 567.0 £.340 150,202 774 £x10.5 1792 x 10.5
13 685.8 6.530 |56.733 JRaa 10 x 10-§ 1805 » 10.5
14 831.4 6.723  163.456 .920 40 x 10-5 1846 x 10-5
15 949.7 6.856 [70.312 977 10 x 10-5 1857 x 10-5

_11

MY Terminated at 1000.0
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TABLES9A. {1-Y) 100 percentstandard confidence limits on MTBF after accept decision
(lower & (Y, 1))

LOWER CONFIDENCE LIMITS FORMTBF # ON THE ACCEPTANCE BOUNDARY

TESTPLANID d =15 a=8=0.10

NUMBER OF TOTAL
FAILURES TEST TIME y = .50 Y= .30 Y= .20 Y= .10 Y= .05
(i)
0 6.60 9.5218 5.4818 4.1008 2.8864 2.2031
1 7.82 4.5976 3.1618 2.5747 1.9807 1.6230
2 9.03 3.3006 2.4386 2.0589 1.6531 1.3957
3 10.25 2.7074 2.0843 1.7977 1.4811 1.2737
¢ 11.46 2.3664 1.8726 1.6387 1.3743 1197
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 1.2117 1.0802
8 16.34 1.7908 1.5014 1.3553 1.1814 1.0585
9 17.55 1.7210 1.4552 1.3197 11571 1.0812
10 18.77 1.6645 1.4177 1.2908 11374 1.027
x 19.98 1.6175 1.3864 1.2667 11210 1.0158
12 21.20 1.5781 1.3602 1.2465 1.1074 1.0063
13 22.41 1.5443 1.337% 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 .96BR
20 30.93 1.4009 1.2423 1.156¢ 1.0477 9658
21 32.15 ).3881 1.2338 1.1500 1.0437 9532
22 33.36 1.3764 1.2262 1.1442 1,0400 9608
23 34.58 1.3658 1.2192 1.1390 1.0367 9588
24 35.75 1.3551 12128 1.1342 1.0337 9553
25 37.01 1.3472 1.2070 1.1299 1.0310 9552
26 38.22 1.3390 1.2016 1.125% 1.0285 9537
27 39.04 13314 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 19499
31 aa.3 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 1.1087 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 1.0977 1.0116 9437
37 49.50 1.2662 1.1533 1.0899 1.0064 9404
38 45.50 1.2453 1.1403 1.6791 8587 9351
39 49.50 1.2308 1.1254 1.0664 9899 9279
a0 49,50 1.2120 1.1097 1.0526 .8780 .9194
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TABLE9A (1-Y ) 100 percentstandard confidence limits on MTBF after accept decision
(lower- 8/ ( Y.1)) (Continued)

LOWER CONFIDENCE LINITS FORMTBF # ON THE ACCEPTANCE BOUNDARY

TESTRLANU-D d=15 @a=8=020

NUMBER QF TOTAL

FAILURES TEST TIME Y= .50 Y= .30 Y= .20 Y= .10 Y= .05

0]
0 4.19 6.0449 3.4801 2.6034 1.8197 1.3987
1 5.40 3.1261 2.1477 1.747% 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 9.0% 1.8069 1.4246 1.2432 1.0376 .8993
S 10.26 1.6768 1.3478 1.1882 1.0039 8776
6 11.49 1.5873 1.2946 1.1501 9808 863
7 12.71 1.5218 1,2555 1.1222 9641 8527
8 13.92 1.4718 1,2256 1.1009 8515 8451
9 15.14 1.4330 1.2024 1.0844 .9419 .839<
10 16.25 1.4019 1.1839 1.0714 9344 .835:
11 17.57 1.3769 1.1691 1.0610 .9286 .B3:17
12 18.78 1.3563 1.1568 1.052% 9219 8292
13 19.99 1.3392 1.1467 1.0455 9201 .82
14 21.21 1.3249 1.1384 1.0398 9170 8285
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 .B874 8068
18 21.90 1.2309 1.0546 9727 .8709 .7946
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TABLE §A (I- Y} 100 percent standard canfidence hmits on MTBF after accepr deciyion

flower- #°( y.i}) {Continued)

LOWER CONFIDENCE LIMITS FORMTBF & ON THE ACCEPTANCE BOUNDARY

TESTPLANINII-D d = 2.0, a=8=0.10
NUMAara Ofr TOTAL
FAILURES TEST THME Y= .50 Y= .30 Y= .20 Y= .10 Y= .0S
{i)
0 4490 ©.3475 3.0546 2.733% 1.9105 }.4088
] 5.79 3.3364 2.2913 1.8638 1.4311 1.1704
2 7.18 2.5435 1.8741 1.5790 1.2633 1.0627
3 8.56 2.1789 1.6712 1.4372 1.1783 1.0080
4 9.94 1.9708 1.8521 1.3832 1.1278 9760
5 11.34 1.8385 1.4754 1.2992 1.0956 89559
6 12.72 1.7466 1.4218 1.2614 1.0734 .9424
7 14.10 1.6799 1.3827 1.2339 1.0575 J9329
24 15.49 1.6300 1.3535% 1.213% 1.0459 9262
9 16.88 1.5916 1.331 1.1980 1.0372 8213
10 18.26 1.5613 1.3135 1.1858 1.0305 L9177
1 19.65 1.5371 1.2995 1.1763 1.0254 9150
12 20.60 1.5112 1.2839 1.1654 1.01%4 9117
13 20.60 1.4661 1.2530 1.1418B 1.0045 9026
14 20.60 7.4173 1.2163 1.1320 9835 .8882
15 20.60 1.3755 1.1825 1.0830 9613 8715
LOWER CONFIDENCE LIMITS FORMTAF § ON THE ACCEPTANCE BOUNDARY
TESTPLANW.D d=20 ©=p8=1020
NUMBER OF TOTAL
FAILUYRES TEST TIME Y = .50 Y= .30 Y= .20 Y= .10 Y= .05
(
0 2.80 4.0395 2.325%6 1.7397 1.2160 9347
} 4.18 4.3277 1.5933 1.2927 .5880 .804
2 5.58 1.8907 1.3822 1.1581 918 7650
3 696 1.6995% 1.2865% 1.0968 .B869 7485
4 8.34 1.977 1.2351 1.0643 8710 7407
5 9.74 1.5385 1.2054 1.04%9 8626 .7368
[ 9.74 1.4486 1.1502 1..0066 .8403 7245
7 9.74 1.3763 1.0986 9662 8133 .7069

o
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TABLEF YA

(V- Y ) 100 percent standard conflidence iimits on MTBF afier accepl decivion

TECHNICAL LIBRARY

BegoWReR

(lower- @' ( Y,1)) (Continyed)

LOWER CONFIDENCF LIMITS FOR MTBF & ON THE ACCEPTANCE BOUNDARY

TEST PLAN v-D d=30a=g=0.10

NUMBER OF TOTAL

FAILURES TEST TIME Y= .50 Y= .30 Y= .20 Y= 10 Y= .05
(3]

B
0 3.7% 5.4101 3.1147 2.3300 1.6286 1.2518
1 5.40 3.0397 2.0831 1.6915 1.2950 1.0557
2 7.05 2.4208 1.7755 1.4909 1,186 9918
3 8.70 2.1462 1.6333 1,.3972 1.135%7 9633
4 10.35 1.9966 11.5547 1.3457 1.1087 9487
5 10.35 1.1947 1.4266 1.2504 1.048% .8093
6 10.35 1.6326 1.3112 1.157% 9B i .B600
LOWER CONFIDENCE LIMITS FORMTEBF & ON THE ACCEPTANCE BOUNDARY
TESTPLANVI-D o =30 a-8=020

NUMBER OF TOTAL

FAILURES TEST TINME Y= .50 Y= .30 Y= .20 Y= .0 Y= .C&
()
§] 2.67 3.8520 2.2177 1.6590 1.1596 .8913
1 432 2.3418 1.5980 1.2932 9842 7974
2 4.50 1.63a4 1.2039 1.0142 By .6818

LOWER CONFIDENCE LIMITS FORMTEF 8 ON THE ACCEPTANCE BOUNDARY
TEST PLANVII-D d = 1.5, a=z 8= 0.30

NUMBER OF 107AL

FAILURES TEST TIME Y= .50 Y= .30 Y= .2 Y= .10 Y= .05
)
0 3.15 45445 2.6163 18572 1.3680 1.051%
1 4.37 2.4854 1.7049 1.3856 1.0622 .B673
2 5.58 1.9410 1.4273 1.2007 9580 .B03S
3 6.80 1.6951 1.2959 1.1118 9077 7733
4 6.80 1.4214 1.1207 9784 B175 .7092
5 6.80 1.2142 9756 8611 7302 62
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TECHNICAL: iLIBRA RY

TABLE9A. {}-Y) 100 percem standard confidence limits on MTBF after accept decision
(lower- @ ( Y.i)). (Contnued}

LOWER CONFIDENCE LIMITS FORMTBF § ON THE ACCEPTANCE BOUNDARY

TEST PLAN VINI-D d=20 a=§ =030
NUMBER OF TOTAL
FAILURES TEST TIME Y = .50 Y= .30 Y= .20 Y= .10 = .05
(i}
] 1.72 2.4814 1.4286 1.0687 .7470 .5742
1 3.10 1.6120 1.0939 8814 6656 5352
2 4.50 1.3867 1.0001 8298 64514 .5268
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TABLE 9B

TECHNICAL LIBRARY

AR ROTTAER

{1- Y } 100 percent standarg confidence limits on MTBF after accept decision

(upper - §’

(Y.

UPPER CONFIDENCE LIMITS FOR MTBF @ ON THE ACCEPTANCE BOUNDARY

TESTPLANID d=15 a=8=20.10
NUMBER OF TOTAL
FAILURES TEST TIME Y= .50 Y= .30 Y= .20 Y= .10 Y= .05
i
G 6.60 AL LY AL LY v
1 7.82 9.5218 18.5043 29.5773 62.6420 128.6742
2 9.03 4.5976 7.0344 9.3851 14.5198 21.7317
3 106.25 .3006 4615 5.756S 8.021% 10.8141
4 11.46 2.7074 3.6017 43365 5.712% 7.2981
5 12.68 2.3664 3.0469 3.5864 4,5592 5.6329
6 13.91 2.1482 2.6995 3.1268 18772 4.6B06
7 15.12 1.0928 2.46213 2.8179 31,4297 4.0899
8 16.34 1.8785 2.2886 2.59432 31118 3.0437
5 17.55 1.7508 2.1567 2.4260 2.8753 3.331
10 1877 1,710 2.0827 2.2941 2,693 3.0024
" 19.98 1.6645 1.9690 2.1886 2.5482 2.9043
12 21.20 1.617% 1.89468 2.1017 2.4297 2.7517
13 22.41 1.578° 1.8420 2.0294 2.3317 2.6262
14 23.63 1.5443 1.7927 1.9679 2.2488 2.520%
15 24 B4 1.5153 1.75G4 1.9153 21782 Z2.4308
1 26056 1.4800 1.713¢ 1.860% 2.1180 23521
17 27.29 1.4677 1.6812 1.8295 2.0635 2.2867
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 1.938 2.129¢
21 32.15 1.4009 i.5843 1.7096 1.9046 2.0873
22 33.30 1.3881 1.5657 1.6868 1.874 2.0as3
22 34,58 1.2764 1.5488 1.6£59 18472 2.0150
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 39,42 1.3390 1.4945 1.5991 1.7597 1.8079
8 40.67 1.5314 1.4836 1.5857 1.7421 1.8863
2 41.88 1.324 1.473% 1.5733 1.7260 1.8666
20 43.10 1.3180 1.4641 1.5618 1.7110 1. 8482
n 44 .31 1.3120 1.4554 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 43,17 1.2518 1.4259 1.5150 1.6503 1.7745
36 £5.50 1.287% 1.4197 1.5073 1.6405 1.7£27
37 49 50 1.2797 1.4088 1.4944 1.6246 1.7442
38 49.50 1.2662 1.3913 1.4744 1.6010 1.7177
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

1. The upper hmiton & isinfinite, with zero observed faillures
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TECHNICAULLEHB R RY

TABLE9B. (1- Y ) 100 percentstandard confidence limits on MTBF after accept decision

(uppe-- &’ { Y.} {(Conunued)

UPPER CONFIDENCE LIMITS FORMTBF # ON THE ACCEPTANCE BOUNDARY
TESTPLANW-D d =15 a=8=0.20

NUMBER OF TOTAL
FAILURES TEST TIWIE Y = .50 Y= .30 Y = .20 Y= 10 Y = .05
{n
0 4.19 Al u X u 1
1 5.40 6.0449 11.7474 18.271 39.7682 81.6886
2 6.62 3.12b61 4.7865 8.374b 5.8867 14.8006
3 7.83 2.3600 3.3054 4.1254 5.7531 7.7597
4 9.0% 2.0077 2.6766 3.2260 4.2544 5.4393
5 10.26 1.8069 2.3329 2.7497 3.5009 4,3300
6 11.49 1.6768 2.0162 2.4553 3.0507 31.6884
7 12.71 1.5873 1.9693 2.2585 2.7563 3.2780
8 13.92 1.5218 1.8630 2.1175 2.5491 2.9943
q 15.14 t.4718 1.7827 2.0117 2.3961 2.7881
10 16.35 1.4330 1,7207 1.9307 2.2B0" 2.6339
" 17.57 1.4039 1.6713 1.8666 2.1895 2.515C
12 18.78 1.3769 1.6317 18151 2.1179 2.4221
13 19.99 1.3563 1.5992 1.7735 2.0599 2.3480
14 2. 1.31392 1.5722 1.7389 2.0127 2.2884
¥5 21.90 1.3249 1.5498 1.7103 1.9739 2.2403
16 21.90 1.3072 1.5233 1.6776 1.9316 2.190
17 2190 1,2762 1.4819 1.6293 1.8743 2,1273
18 21.90 1.2420 1.43N 1.5818 1.8219 2.07a4
UPPER CONFIDENCE LIMITS FORMTBF & ON THE ACCEPTANCE BOUNDARY
TESTPLANINI-D d=20 a=8=0.10
NUMBER Of TOTAL
FAILURES TEST TIME Y= .50 Y = .30 Y= .20 Y = .10 Y= .0S
{i)
0 4.40 u At b 1 z
1 5. 79 6.3479 12.3362 19.7182 41.7613 85.7828
2 7.8 3.3364 5.1098 6.8060 10.5571 15.8052
3 8.56 2.543S 3.5638 4,4489 6.2057 B.37%6
4 9.92 2.1789 2.9069 3.5047 4.6238 58135
5 11.34 1.9708 2.5470 3.0036 3.8270 &.7365
6 12.72 1.8385 2.3236 2.6983 3.3570 2.0641
7 14.10 1.7466 2.1710 2.4928 3.0482 3.6333
B 15.49 1.6799 2.0615 2.34569 2.8333 3.3390
9 16.88 1.6300 1.9802 2.2395 2.8775 3.1295
10 18.26 1.5916 1.9181 2.1579 2.5608 2.9752
1 19.65 1.5613 1.8692 2.0941 2.4709 2.8585
12 20.80 1.5371 1.8303 2.0438 2.4009 2.7693
13 20.60 1.5112 1.7905 1.9936 2.333% 2.6873
iéd 20.60 1.4661 i.7287 1.5206 2.2453 2.5880
15 20.60 1.4173 1.66714 1.8515 2.1682 2.5092

1 Tne upper hmiton & 1sinfinite, witn zero observed failures
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TABIE 98

TECHNICAL LIBRARY

{1- ¥) 100 percent standard confidence limits on MTBF after accept decision

(upper- @’

(Y.

{Continued)

UPPER CONFIDENCE LIMITS FORMTBF § ON THE ACCEPTANCE BOUNDARY

TESTPLANIW-D d =20 a=f8=0.20

NUMBER OF TOTAL

FAILURES TEST TIME Yy = .50 Y- .30 Y= .20 Y= .10 Y= .05
()
0 2.80 Y u u v 1]
i 4.18 4.0355 7.8503 12.5480 %6.5754 545893
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
5 9.74 1.5977 2.1073 2.5225 3.3033 4.2253
6 9.74 1.5385 1.9983 2.3693 3.0652 3.8936
/ 9.74 1.4486 1.8613 2.1971 2.8387 3.6262

UPPER CONFIDENCE LIMITS FOR MTBF # ON THE ACCEPTANCE BOUNDARY
TESTPLANV-D d =30 a=8=0.10

NUMBER OF TOTAL

FAILURES TEST TIME Y= .50 Y= .30 Y= .20 Y= .10 vy= .05
0
0 3.75 1 1 u ! i
} 5.40 5.4101 10.5138 16.8053 35.5920 73.1104
2 7.05 3.0397 4 6625 6.21413 9.6459 14,4269
3 8.70 2.4208 3.4052 4.2604 5.9625 8.0694
a 10.35 2.1462 2.8849 3.4956 4.6508 6.0038
5 10.35 1.9966 26113 3.1057 4.0178 5.0622
6 10.35 1.7947 2.3001 2.7039 3.4489 £.3109

UPPER CONFIDENCE LIMITS FORNMTBF § ON THE ACCEPTANCE BOUNDARY
TESTPLANVI-D d =30, a=§8= 020

NUMBER OF TOTAL

FAILURES TEST TIME Y= .50 Y= .30 y= .20 y= .10 |y= .05
(i)
0 2.67 X Al LK Ll 1
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 tmiton & 1sinfinite, with zerc observed failures
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TECHNICAUILIBRA RY

TABLE9S (1- Y ) 100 percent standard confidence limits on MTBF after accept decision
(upper- #,{ ¥ .1)). (Continued)

i UPPER CONFIDENCE LIMITS FOR MTBF 8 ON THE ACCEPTANCE BOUNDARY
TEST PLAN VH-D d=15 a=§ =0.30

| NUMBER OF TOTAL
| FAILURES TEST TIME ¥y = .50 y= .30 Y= .20 Y= .i0 ¥y = .05
{i)
| .
0 3.8 ¥ X R v v
i 4.37 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 1.695) 2.2673 2.7375 3.6186 4.6358
5 .80 1.42148 1.8373 2.18685 2.770& 3.8422
|
" UPPER CONFIDENCE LIMITS FORMTBF # ON THE ACCEPTANCE BOUNDARY
‘ TEST PLAN VIHI-D d=20 a= g8 =030
i
NUMBER OF TOTAL
FAILURES TEST TIME Y= .50 Y= .30 y=.20 Y = .10 vy = .05
(i)
0 ; v v ir ! R
3 3.0 24814 48223 T.70R0 18,3249 13185312
2 4.50 1.6120 2.4894 3.3277 5. 1811 7.7733

Y The upper limiton & s infinite, with zero observed fatlures
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TECHNICAL LIBRARY

TABLE 104 (1- Y} 100 percent standard confidence limits on MTBF after reject decision
flower- G/ Y. 1)

LOWER CONFIDENCE LIMITS FOR MTBF @ ON THE REJECTION BOUNDARY
TEST PLANI-D d = 1.5, a=8=0.10

NUMBER OF TOTAL
FAILURES TEST TIME Y = .50 Y= .30 Y = .20 Y=.0 | v=.05
(

6 68 1199 0971 L0860 0733 0647
7 1.89 .2835 2331 .2083 1795 " 1596
8 ERE) .4072 3389 3049 2849 237
9 4.32 5031 4228 3824 3346 3010
10 5.54 5815 4926 4476 3939 3559
11 6.75 6454 .5505 .5021 4441 4028
12 7.97 6997 .6004 5495 .4881 .4443
13 9.18 7453 6430 .$902 5264 .4806
14 i0.40 .7852 6806 .6265 5606 5132
15 11.61 .B194a 7134 .6582 .5909 5422
16 12.83 8499 7428 6868 6184 5687
17 14.06 8773 7695 7129 6436 5912
18 15.27 9012 7929 7360 | 6860 6150
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 B674 810 7390 6867
23 21.35 99 .BB24 8251 .7540 7016
24 22.56 1.0033 8960 8389 7678 7153
25 23.78 1o .9088 8518 7808 7282
26 24.99 T 9205 8637 7928 7402
27 26.21 1.0.74 9315 8749 8041 7516
28 27.44 1.0473 9420 8855 8149 7624
29 28.65 1.0562 9515 8952 8248 7723
30 29.85 1.0644 9602 .9042 8339 7815
3 31.08 1.0723 9686 9129 8428 7905
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
36 37.16 1.1044 1.0034 9487 8796 8276
37 38.37 1.1096 1.009} 8546 8858 8338
38 39.59 1.1145 1.0145 9603 8916 8397
39 40.82 1.1193 1.0198 9658 8973 8254
40 42.03 1.1236 1.0246 9708 9025 8506
4 43.10 1.1269 1.0283 9746 9064 8546
41 44 .31 1.1369 1.0388 .9853 9170 .B649
a1 45.53 1.1517 1.0536 9998 9308 8779
a1 a6.74 1.1691 1.0703 1.0159 9457 8912
a 47.96 1.1880 1.0880 1.0325 9607 9047
4 49.17 1.2069 1.1051 1.0484 9745 9165
a1 49.50 1.2120 1.1097 1.0526 9780 9192
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TECHNICAL LIBRARY

TABLE 10A. (i-Y) 100 percent standard confidence limits on MTBF after reject decision
(lower- &' (Y .1)) (Continued)

LOWER CONFIDENCE LIMITS FORMTBF 6 ON THE REJECTION BOUNDARY
TESTPLANI-D d = 1.5, a=f= 0.10

NUMBER OF TOTAL '
FAILURES TEST TIME Y = .50 Y = .30 Yy = .20 Yy = .10 vy =.05
{1) :
3 .24 .0898 0664 .0561 .0451 .0381
4 1.46 .3981 .3069 .2649 .2187 .1884
5 2.67 5811 4605 4028 .3380 .2947
6 390 L7133 .5733 .5063 4299 .3782
7 5.12 8075 .6577 .5851 5015 4444
8 6.33 8783 723 6472 .5590 4983
9 7.5% 9347 .7765 .6985 6073 .5440
10 8.76 .9794 .8198 .7406 .6474 5824
1" 9.98 1.0165 8564 7765 6821 6158
12 11.19 1.0468 .B869 .B067 7114 6442
13 12.41 1.0725 91N 8328 7370 6691
14 13.62 1.09138 91352 8548 .7588 6903
15 14.84 1.1122 .9544 8743 .7780 .7090
16 16.05 1.1277 9708 .8909 .7944 7249
17 17.28 1.1413 .9854 .9056 .8080 .7390
18 18.50 1.1530 .9980 9184 B2186 2510
19 18.78 1.1536 9986 919 .B223 .7519
19 19.99 1.1675 1.0135 .9340 8368 .7654
19 21.21 1.1937 1.0389 .9582 .8586 7844
19 21.90 1.2108 1.0546 8727 8709 7946
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TECHNICAL LIBRARY

ARBOTTAER

TABLE 10A. {1- 7} 100 percent standard confidence limits on MTBF after reject decision
{lower- §’' (Y .1)) (Conunued)

LOWER CONFIDENCE LIMITS FOR MTBF & ON THE REJECTION BOUNDARY
TESTPLANI-D d = 2.0, a=8=0.10

NUMBER OF TOTAL
FAILURES TEST TIME Y = .50 Y = .30 Yy = .20 Y = .10 Yy =.05
(t)

3 .70 2618 -1936 1636 BEL 112
4 2.08 5724 -4403 .3798 313 2696
5 3.48 7696 6062 5296 .4437 .3865
6 4.40 .8403 6700 .5894 4983 43N
6 4.86 9027 7232 6377 .5405 4751
7 5.79 .8535 7708 6832 -3830 5151
7 6.24 .9998 B117 J210 6169 .5460
8 7.18 1.0383 .8488 1570 6512 .5788
8 7.63 1.0746 .8818 .7880 6795 .6050
9 8.56 1.1037 9107 .B164 .7069 .6315
9 9.02 1.1332 9382 8425 7312 .6541
10 9.94 1.1556 9610 .8652 7532 6758
10 10.40 1.1793 9836 .B870 7738 6951
11 11.34 1.1980 i D029 9063 7930 .7138
n 11.79 1.2170 1.0214 9244 .8100 7300
i2 12.72 1.2319 1v.037% 9402 8258 7454
12 13.18 1.2479 1.0530 9557 8406 .7595
13 14.10 1.2599 1.0657 9687 .B536 7722
13 14.56 1.2731 1.0790 9818 8661 .7841
14 15.48 1.2831 1.0899 9929 8772 7950
i4 15.94 1.2939 1.1009 1.0038 .8877 .8049
15 16.88 1.3025 1.1102 1.0133 8973 .B1az
15 17.34 1.3118 1.1199 1.0229 .9064 8227
16 18.26 1.3187 11275 1.0307 9142 .8303
16 19.65 1.3484 1.1572 1.0595 .8409 .B543
16 20.60 1.3755 1.1825 1.0830 9613 .B715
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TECHNICALyLIBRARY

TABLE 10A. (1-Y) 100 percentstandard confidence limits on MTBF after reject decision
(lower- §.{ Y .1}). (Conunued)

LOWER CONFIDENCE LIMITS FORMTBF # ON THE REJECTION BOUNDARY

TESTPLANIV-D d = 2.0, a= 8 = 0.20

NUMBER OF TOTAL

FAILURES TEST TIME Y =.50 Y =.30 Y =.20 Y =.10 Yy =.05%
' [£3]
2 .70 AN .2870 .2338 .1800 .1476
3 2.08 .8127 .5944 4997 .3996 .3367
4 2.80 .8914 6843 5646 .4578 .3898
4 3.46 i.0284 7767 S5683 5428 464
S 4.18 1.0734 .B193 .7052 .5809 .5004
5 4.86 1.1634 8877 7768 .6438 .5567
] 5.58 1.1910 9251 .B036 .6693 .5809
6 6.24 1.2478 9767 .BS15 7120 6192
? £.85 1.2654 .e04R B804 J7201 6353
7 7.62 1.3031 1.0301 9026 .7586 6612
B B.34 1.3147 1.0423 9148 7700 67212
8 9.74 1.3763 1.0986 5662 .Bi33 .7069

LOWER CONFIDENCE LiMiiT3 FORMTBF @ ON THE REJECTION BOUNDARY

TESTPLANV-D d = 3.0, a=8= 0.10

NUMBER OF TOTAL
FAILURES TEST TIME Y =.50 Y =.30 Y =.20 Yy=10 {Y=.05
{v

2 57 3396 .2337 .1904 1465 1202
3 2.22 8514 6256 5271 4225 3564
4 3.75 1.0993 8334 7141 5845 .5008
a 387 11275 8559 7338 6010 5152
5 5.40 1.2816 9932 8613 7156 .6200
g 5.52 1.3007 1.0094 8758 7282 6313
3 7.05 1.4030 1.1049 9664 B8 7089
8 7.17 1.4164 1.1166 9772 8213 7175
7 8.70 1.4866 1.1845 1.0427 .8825 7746
7 10.35 1.6326 1.3112 1.1575 9811 8600

LOWER CONFIDENCE LIMITS FORMTBF & ON THE REJECTION BOUNDARY

TESTPLANVID d = 3.0, a=§8 = 0.20

NUMBER OF TOTAL
FAILURES TEST TIME Y =50 Y =.30 ¥ =.20 Y =.10 Y =.05
(1)
2 .36 2145 1476 1202 0926 .0759
3 2.67 1.0053 7422 6266 .5034 4253
3 4.32 1.5801 1.1648 9819 .7862 6618
! 3 4.50 1.6344 1.2039 1.0142 81 .6818
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TECHNICAL LIBRARY

TABLE10A {1-Y) 100 percent standard confidence limits on MTBF after reject decision
(lower- g/ ( Y.t)). {Continued)

LOWER CONFIDENCE LIMITS FOR MTBF 8§ ON THE REJECTION BOUNDARY

TEST PLAN VII-D d =15 a=§8= 030

NUMRBER OF TOTAL
FAILURES TEST TIME Y =.50 Y =.30 Y =.20 Y =.10 _T = .05
(t)
3 1.22 .4562 3374 2851 .2292 .1938
4 2.43 .6856 5245 4513 3710 3188
5 3.15 7501 .5824 5052 4199 .3638
5 365 .B322 .6511 .56 4735 4115
6 4.37 .8743 .6908 .6050 .5089 4448
6 5.58 1.0323 8263 .7283 6172 5422
6 6.80 1.2142 9756 8611 .7302 6412
LOWER CONFIDENCE LIMITS FORMTBF @ ON THE REJECTION BOUNDARY
TEST PLAN VIL-D d =20 a=8=030
NUMBER OF TOTAL .
FAILURES TEST TIME Y = .50 Y =.30 Y =.20 Y =.10 Y =.0%
(v
3 1.72 6432 AT57 4020 J3232 .2732
3 3.10 .12 8183 .6885 .5494 4605
3 4.50 1.3B67 1.0011 8298 6451 .5268
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TECHNICAL-HIBRARY

TABLE 10B. (1- Y ) 100 percent standard confidence limits on MTBF after reject decision
(upper- 8. (Y. 1)

UPPER CONFIDENCE LIMIT-S FORMTBF & ON THE REJECTION BOUNDARY
TEST PLAN I-D d=15 a=8-=0.10

NUMBER OF TOTAL
FAILURES TEST“‘I”IME Y =.50 Y = .30 Y = .20 Y =.10 Y =.05

6 .68 1198 1508 1742 2157 2602

7 1.89 2835 .3494 .399% L4855 5757

8 ER R 4072 .4951 .5609 6724 .7873
9 4,32 503 6052 6807 8074 9365
10 5.54 5815 .6933 T80 9114 1.0488
N 6.75 64as4 .7636 .B496 9917 1.1339
12 7.97 .6997 8224 9111 1,0567 1.2015
13 918 7453 B711 9614 $.1090 1.2550
14 10.40 7852 9129 1.0042 1.1528 1.299
15 11.61 8194 .9484 1.0402 1.1890 1.3350
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 8032 1.031 1.122 1.2700 1.4132
19 16.49 9228 1.052% 1.1438 1.2900 1.4320
20 17.70 8420 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 1.1176 1.2065 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 24.99 1.0269 1.1521 1.239 1.3772 1.5103
27 261 1.0374 1.1617 1.2481 1.3851 1.5170
28 27.44 1.0473 1.1708 1.2565 1.3923 1.5231
29 28.65 1.0562 1.1790 1.2640 1.3988 1.528%
30 29.85 1.0644 1.1863 1.2708 1.4045 1.5332
3 31.08 1.0723 1.1934 1.2772 1.4099 1.5376
32 32.30 1.0787 1.2000 1.2832 1.8148 1.54%€
33 33,51 1.0864 1.2060 1.2886 1.4193 1.5451
32 34.73 1.0928 1.2116 1.2936 1.4234 1.5a84
35 35.94 1.0987 1.2168 1.2982 1.4271 1.5513
36 37.16 1.1044 1.2217 1.3026 1.4308 1.5540
37 38.37 1.1096 1.2262 1.3066 1.4338 1.5564
38 39.59 1.1185 1.2305 1.3103 1.4367 1.5586
39 40.82 1.1193 1.2345 1.3139 1.4395 1.5607
a0 42.03 1.1236 1.2382 1.3172 1.4420 1.5625
4% 4310 1.1269 1.2410 1.3195% 1.4438 1.5638
a 44.31 1.1369 1.2500 1.3277 1.4505 1.5690
a1 4553 1.1517 1.2642 1.3410 1.4621 1.5786
41 46.74 1.169" 1.2816 1.35B0 1.4777 1.5922
a1 47.96 1,1880 1.30M 1.3776 1.4965 1,6095
a1 45.17 1.2068 1.3213 1.3382 1.5170 1.62%1
& 49.50 1.2120 1.3268 1.4038 1.5228 1.6347
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TABLE 10B. {1- ¥ ) 100 percent standard confidence hmits on MTBF ahier reject decision

{upper - @/, ( Y.1)) {Continued)

UPPER CONFIDENCE LIMITS FOR MTBF § ON THE REJECTION BOUNDARY
TESTPLAN II-D d= 1.5, a= = 0.20

NUMBER Of TOTAL
CAILURES TEST TIME Y = .50 Y=.30 Yy =.20 Y = .10 Y = .05
(t)
3 .24 ,0898 1254 .1563 2178 2915
. P 1.46 .3981 ,5291 6369 8389 1.0720
! g 2.67 .5831 7537 8902 1.1394 1.4185
'3 3.90 7133 .9040 1.0538 1.3224 1.6179
7 5.12 .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 B.76 9792 1.1868 1.3a42 16176 1.9093
1 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 1.9329
i6 16.05 1.1277 1.3260 1.4738 1.7282 1.9996
17 17.28 1.1813 1.3279 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 1999 1.167% 1.3604 1.5035 1.7499 2.0142
19 21.21 1.1937 1.3854 1.5266 1.7686 2.0277
19 21.90 1.2109 1 1.4029 1.5436 1.7833 2.0392
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TABLE10B.{)- ¥ ) 100 percent standard éonﬁdence limits on MTBF afier reject decision
(upper- @8 (Y, 1)) {Continued)

UPPER CONFIDENCE LIMITS FOR MTBF § ON THE REJECTION BOUNDARY

TESTPLANIN-D d=20, a=f8=0.10
NUMBER OF TOTAL
FAILURES TEST TIME Y =.50 Y =.30 Y =.20 Y=.10 ¥ =.05
(t)

3 .70 .2618 .3658 .4560 .6352 .8561
4 2.08 5724 7631 .9208 1.2184 1.5650
5 3.48 .7696 9986 1.1831 1.5226 1.9075%
6 4.40 .Ba03 1.0760 1.2643 1.6079 1.9949
6 4.86 9027 1.1491 1.3444 1.6982 2.0930
7 5.79 .953s 1.2023 1.3984 1.7519 2.1450
7 6.24 9998 ¥.2542 1.4535 1.8106 2.2052
8 ?.18 1.0383 1.293% 1.4918 1.8469 2.2385
8 7.63 1.0746 1,3322 1.531 1.8878 2.2783
9 8.56 1.1037 1.3606 1.5594 1.9125 2.2999
9 9.02 1.1332 1.3913 1.5902 1.9423 2.3275
10 9.94 1.1556 1.4125 1.6102 1.9597 2.3419
10 10.40 1.1793 1.4364 1.6336 1.9814 2.3610
11 11.34 1.1980 1.4536 1.6495 1.9946 2.3715%
1 11.79 1.2170 1.4724 1.6674 2.0106 2.3849
12 12.72 1.2319 1.4857 1.6795 2.0203 2.3923
12 13.18 1.2479 1.5011 1.6939 2.0326 2.4021
13 14.10 1.2599 1.5116 1.7032 2.0398 2.4073
13 14.56 1.2731 1.5239 1.7146 2.0491 2.4144
14 15.49 1.283 1.5326 1.7221 2.0547 2.4183
14 15.94 1.2939 1.5425% 1.7310 2.0617 2.4234
15 16.88 1.3025 1.5497 1.731 2.0661 2.4263
15 17.34 1.3118 1.5581 1.7445 2.0718 2.4302
16 18.26 1.3187 1.5638 1.7493 2.0751 2.4323
16 19.65 1.3484 1.561 1.7739 2.0940 2.4453
16 20.60 1.375S 1.6184 1.7999 2.1161 2.4620
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TABLE 108, (i- Y] 100 percent standard confidence lim:1s on MTBF atier reject decision
{upper- 8! L Y.1)) (Continued)

UPPER CONFIDENCE LIMITS FOR MTBF § ON THE REJECTION BOUNDARY

TESTPLAN IV-D ¢ = 20, a=8= 0.20
NUMBER OF TO1AL
FAILURES TEST TIME Y =.50 Y =.30 Y=.20 Y =.10 Y =.05
(1)
2 .70 A7 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 4.8 1.0734 1.4541% 1.7830 2.0418 32774
5 4.86 1.1634 1.5551 1.88N 2.5506 13819
6 5.58 1.1910 1.581% 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 3.475%9
] 8.34 1.3147 1.7049 2.0318 2.6737 3.4797
8 9.74 1.3763 1.7664 2.0895 2.7203 3.5124
JUPPER CONFIDENCE LIMITS FOR MTBFEON FHE REJECTION BOUNDARY
TESTPLAN V-D d = 30, &a=§8= 010
NUMBER OF TOTAL
FAILURES TEST TIME Y =.50 Y =.30 Y =.20 Y=.10 Y =.05
(v

2 .57 .33% 5194 .6914 1.0718 1.6040
3 2.22 8514 1.2013 1.5104 2.1387 2.9405
4 3.75 1.0993 1.4966 1.8373 2.5110 3.3478
4 3.87 11275 1.5322 1.8783 2.5609 3.4057
5 5.40 1.2816 1.7020 4.0557 2.7434 3.5848
5 5.52 1.3007 1.7245 2.0802 2.7703 16129
6 7.05 1.4030 1.8304 2.1855 2.8695 3.7010
6 7.7 1.4164 1.8451 2.2009 2.8850 3758
7 8.70 1.4866 1.9142 2.2666 2941 3.7614
7 10.35 1.6326 2.0766 2.4352 3.1097 3.9145%
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TABLE 10B. (1-Y) 100 percent standard confidence fimits on MTBF after reject decisian
(upper- 8/, { ¥, 1)) (Continued)

UPPER CONFIDENCE LIMITS FOR MTBF #ON THE RESECTION BOUNDARY

TESTPLAN VI-D d = 3.0, @a= A = 0.20

NUMBER OF TOTAL
FAILURES TEST TIME Y =.50 Y =.30 Y =.20 Y =.10 y =.05
(t)
2 .36 2145 .3281 A367 6769 1.0130
3 2.67 1.0053 1.408% 1.7602 2.4631 3.3386
3 4.32 1.5801 2.2143 2.7655 3.8626 5.2207
3 4.50 1.6342 2.2915 2.8625 2.9087 5.4047
UPBER CONFIDENCE LIMITS FOR MTBF & ON THE REJECTION BOUNDARY
TESTPLAN VII-D d = 1.5, a= B = 0.30
NUMBER OF TOTAL
FASLURES TEST TIME ¥ =50 Y =.30 Y=.20 Y .10 Y =.05
()
3 1.22 L4562 6375 .7948 1.1070 1.4920
4 2.43 .6856 R°PAR 1.1183 1.4961 1.9450
5 3.15 7501 9921 1.1927 1.5743 2.0247
5 3.65 8322 .1.0898 1.3009 1.6974 2.1594
6 4.37 .B743 1.1335 1.3448 1.740z2 2.1558
6 558 1.0323 1.3162 1.5830 1.8578 2.4285
6 6.80 1.2142 1.5387 1.7939 2.25133 2.7633
UPPER CONFIDENCE LINMITS FCRMTBF § ONTHE REJECTION BDUNDARY
TESTPLAN VII-D d = 2.0, a= 8 = 0.30
NUMBER OF TOTAL
FAILURES TEST TIME Y =.50 ¥=.30 Y=.20 Y =.10 Y = .05
(1)
3 V.72 D437 B987 1.1205 1.5807 Z2.7G35
3 ER T .11 1.5594 1.9473 277 366859
2 4,50 1 3867 1,9710 24763 34779 4.7114

Ve
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TABLE 11. Summary of fixed-duration test plans,

TECHNICAL LIBRARY

Number of
failures
True Test
decision duration Reject Accept
Test Plan risks Discrimination {multiples (equal (equal
(percentage) ratio (d}@o/#, of §,) or more) lorless)
a B
IX-0 12.0 99 1.5 45.0 37 36
X-D 10.9 214 1.5 299 26 25
XD 19.7 19.6 1.5 21.5 18 17
Xi-D 9.6 10.6 20 18.8 14 13
XHi-D 9.8 209 2.0 12.4 10 9
Xiv-D 19.9 21.0 2.0 7.8 6 5
xv-p 9.4 9.9 3.0 9.3 6 5
Xvi-O 10.9 21.3 3.0 54 4 3
XVI-D 12.5 19.7 3.0 4.3 3 2
TABLE 12, Summary of high risk fixed-duration test ptans.
Number of
failures
True Test
decision duration Reject Accept
Test Plan risks Discrimination {multiples (equal (equal
(percentage) rato (d) §5/8, ot #,) ormore} |orless)
a 8
XiX-D 29.8 30 1.5 8.1 7 6
XX-D 283 28.5 2.0 37 3 2
xXXI1-D 30.7 333 3.0 1.1 1 0
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TABLE 13. Demonstrated MTBF confidence limit multipliers, for

TECHNICKRIL-WDBRARY

failure calculation.

CONFIDENCE INTERVALS
40 PERCENT 60 PERCENT BOPERCENT
70 70 80 80 a0 90
PERCENT  {PERCENT |PERCENT [|PERCENT |PERCENT |PERCENT
TOTAL NUMBER LOWER UPPER LOWER UPPER LOWER {UPPER
OF FAILURES LINIT LIMIT LiviT LINUT LT LIMIT
1 0.801 2.804 0.621 4.48) 0.434 9.491
2 0.820 1.823 0.668 2.426 0.514 3.761
3 0.830 1.568 0.701 1.954 0.564 2.722
4 0.840 1.447 0.725 1.742 0.593 2.293
5 0.84% 1.376 0.744 1.618 0.626 2.055
6 0.856 1.328 0.759 1.537 0.647 1.904
7 0.863 1.294 0.771 1.479 0.665 1.797
8 0.869 1.267 0.782 1.435 0.680 1.718
9 0.874 1.247 0.796 1.400 0.693 1.657
10 0.878 1.230 0.799 1.372 0.704 1.607
11 0.882 1.215 0.806 1.349 0.714 1.567
12 0.886 1.203 0.812 1.329 0.723 1.533
13 0.889 1.193 0.818 1.312 0.731 1.504
14 0,892 1.184 0.823 1.297 0.738 1.478
15 0.895 1.176 0.828 1.284 0.745 1.456
16 0.897 1.169 0.832 1.272 0.751 1.437
17 0.900 1.163 0.836 1.262 0.757 1.419
18 0.902 1.157 0.840 1.253 0.763 1.404
19 0.904 1.152 0.843 1.244 0.767 1.390
20 0.906 1.147 0.846 1.237 0.772 1.377
30 0.920 1.115 0.870 1.185 0.806 1.291
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TABLE 14. Demonstirated MTRBF confidence limit multipliers, for ume calculation.

TECHNICAL LIBRARY

ABACTTAER

CONFIDENCE INTERVALS

40 PERCENT 60 PERCENT B8O PERCENf
70 0 80 a0 90 a0
PERCENT PERCENT {PERCENT PERCENT PERCENT | PERCENT
TOTAL NUMBER LOWER UPPER LOWER UPPER LOWER UPPER
OF FAILURES LIMIT LMiT LIMIT LiMIT LIMIT LumMIT
1 0.410 2.804 0.534 4-.48\ 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 D 445 2722
4 0.679 1.447 0.595 1.742 0.500 2.293
5 0.714 1.376 0.632 1.618 0.539 2055
& 0740 1.328 0.651 1.537 0.570 1.904
7 0.760 1.294 0.684 1.479 0.595 1.787
8 0.777 1.267 0.703 1.435% 0.616 178
9 0.790 1.247 g ne 1.400 0.634 1657
10 0 802 1.230 0.733 1.372 0.649 1.607
M 0123 1.215 0.744 1.349 0.663 1567
12 ¢.e2: 1203 0.75% 1.329 0.675 ! 5;’.3
13 0.828 1.193 0.764 1.312 0.686 1.504
14 0.835 1.184 0772 1.297 0.696 1.478
1£ 0.841 1178 g.780 1.284 0.720s 1.455
16 0.8a7 1.169 0.787 1.272 0.713 1.437
17 0.852 1.163 0.793 1.262 0.720 1.419
18 0.855 1157 g.799 1,253 0.71;7 1.404
19 0.861 1.152 0.804 1.244 0.734 1.390
20 0.864 1.147 0.809 1.237 0.740 1.377
30 0.8 LR R D] 0842 1,185 0.783 129

——
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TABLE 15. Accept umes of fixed-duration test plans, Pregram Manager's assessment.

Test Plan Accept times )
IX-D | To= 4.2 Ty = 6.1 T, = 7.9 T3= 94 Ta= 11.0
75 = 12.8 T = 138 T, = 15.3 Te = 168 Tg = 18.0
T = 19.3 T = 20.7 Ty =220 Tia = 23.3 Tia = 24,5
. Tig = 25.8 Tig = 271 Ty = 28.3 Tia = 29.6 Ty = 30.8
Tap = 32.1 T2y = 33.3 T22 = 34.5 T3 = 358 T2 = 37.0
Tye = 38.2 Tie = 39.8 Tyr = 40.6 Ty = 41.8 Tyo = 43.0
Tio = 44.2 T3, = 45.4 T3, = 86.6 T3; = 47.8 Tya = 49.0
Tys = 50.1 T36 = 51.3 Ty7 = 5.5 Tig = 53.7 Tig = 54.8
Tag = 56.0 Tay = 57.2 Taz = 583 Tz3 = 59.5 Taa = 60.7
Tas = 61.8 Tae = 63.0 Tar = 64.1 Tag = 65.3 Tag = 66.5
Tgp = 67.6 Tsr = 68.8 Tg; = 9.9 Tgy = 71,10 Tga = 72.2
X-D Tp = 3.2 T, = 5.0 T,= 66 T = 8. Taz= 9.5
Tq = 10.9 Te = 12.2 Ty = 13.6 Tg = 14.9 Ty = 16.1
‘ Ty = 17.4 Ty = 18.7 Tz = 19.3 T3 = 21.2 Tia= 22.4
Tig = 23.6 Tic = 24.8 T3 = 261 Ty = 273 Tio = 28,8

Y accept at time (T3} if (i) failures have pccurred up to that time,

S
[*%)
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TABLE 15 Accep; times ol fixed-duration test plans, Program Manager’s assessment (Continued)

Test Plan Accept imes ¥/
X-D Ti0 = 29.6 T;1 = 30.8 T2z = 32.0 Ty = 33.2 Tie = 34.4
{Cant'd)
Tas = 35.6 T = 36.7 T27 = 37.9 Tz = 39 T2 = 40.2
Tip = 41.48 T3, = 42.5 T3z = 43.7 Ty = 848 T3y = 46.0
T3y = 479 T35 = 48.3 Ty7 = 49.4 Tyg = 50.6 Tig = 51.7
X\-D Tp = 3.0 T, = 4.8 T, =63 Ty= 7.8 Ty = 9.2_
Tg = 10.5 Te = 119 T; = 13.2 Tg = 14.8 Tg = 15.7
Tio = 17.0 Tyy = 18.2 Ty2 = 19.5 Ty3 = 20.7 Tia = 21.9
Tys = 23.1 Ty = 24.3 {y7 = 25.5 Tg = 26.7 Tig= 279
T0 - 29.) T; = 30.3 T;; = 31.8 T3 = 32.6
Xn-D To = 3.7 Ty = 5.6 T;= 7.2 T3 = B.8 Ts = 10.3
Ts = 11.7 Tg = 13.1 T;= 14.4 Tg= 15.8 Tg = 121
Tig = 18.4 Ty = 19.7 Tiz = 21.0 Ty3 = 22.3 Ta= 235
Tis = 24,8 T = 26.0
Xii-D Tg= 2.8 T, = 4.6 T2 = 6.1 T3= 75 Tq = 89
Ts = 10.3 Tg = 11.6 Ty =129 Tg = 14.1 Tg = 15.4
Tip = 16.6 Ty = 17.9 Tz = 191

Y Accept at time (T)) if (j) failures have occurred up to that time.
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TABLE 15. Accepttimes of fixed-duration test plans, Program Manager's assessment. {Continued)

Test Plan Accept times I/

Xtv-D | To=27 T, =44 Ty =59 T3=173 Te= 8.7
Ts = 10.0 Te = 11.3 Tr = 12.6

Xv-D To=35 Ty =54 T = 7.0 Ti= 86 T4 = 10.0
Tg = 11.4 Te = 12.8

xXvi-D To :237 T = 4:1 T, =56 T3 =720 Te = B3

xvi-p | Tp=22 T, = 3.8 T; = 5.2

xix-D b T, =201 Ty = 37 T = 5.1 Ty =64 Tes 7.7
Ts = B.9 Te = 10.2 T, = 11.4 Tg = 12.6

XX-D To=18 Ty = 3.2 T, =45

XX-D | Tp= 12 7

Y Accept at time (T) if (j) failures have occurred up to that time.

105




TECHNICAL LIBRARY

TABLE 16, Comparison of risks, standard fined-duration tests versus Program Manager’s aysessment

Standard test plans Program Manager’s assessment

Test Discrimination Producer’s Consumer’s Producer's Consumer’s

Plan ratio nsk a(%) risk (%) risk a{%) risk B(%)
ixX-0 1.5 12.0 99 10.2 16.0
X-D 1.5 109 na 10.1 298
XI-D 1.5 17.8 22.1 201 20.4
Xi-D 2.0 9.6 10.6 10.4 10.3
xi-D 2.0 9.8 209 99 19.2
XIv-D 2.0 19.9 21,0 20.0 18.3
xXV-D 3.0 9.4 99 10.0 8.4
XVi-D 3.0 10.9 21.3 10.2 18.7
XVil-D 3.0 172.5 19.7 19.7 19.2

[ Twghriskplang | T T T T TTTTTTTTT

XIX-D 1.5 28.8 3.3 29.6 30.8
xx-D 2.0 28.8 28.5 29.9 29.
XXI-D 30 30.7 333 30.7 333
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TABLE 17 Test imes standard fived-durat:on test plans versus Program Manager’s assessment

Standard test plans Program Manager's aszessment
Test Discriminauon Test Number of faiiures Tesi Number of failures
Flan fralio Time . ic reject Time V 1o reject
iX-D 1.5 45.0 > 37 72.2 >S5
X-D 1.5 292.9 >26 51.7 240
XI-D 1.5 21.1 > 18 326 > Zé
Xh-nD 2.0 188 > 14 26.0 >17
x1-0 2.0 12.4 >0 19 >13
XIV-D 2.0 7.8 > b 2.6 > 38
v D 3.0 2.3 > & 128 > 7
XVI-D 3.0 5.4 > 4 8.3 > 5
XVIi-D 3.0 43 2> 3 5.2 >3
A S e e e R R
{High risk plans)
XIX-D 1.5 8.0 > 7 126 > 9
XX-0 2.0 3.7 > 3 a5 > 3
xXi-0 .0 11 > 1 1.1 > 1

UMultiplesof 8.
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TABLE 19 Example of correct ordering in the AQ bound calculation

fortorehbd?
* run

Give number of subsystems.
= 3

Enter data starting by subsystem with smallest total time on test.

Entor data for subsystem |}

Enter this subsystem’s total time on test
= 14.61

Enter this subsystem’s number of failures
= 2

Enter daia {or subsystem 2

Enter this subsystem’s total time on test
= 35.97

Enter this subsystem’'s number of failures.
= 2

Enter data for subsysiem 3

Enter this subsystem’s total time on test
= 62.542

Enter this subsystern’s number of farlures
= 2

Enter confidence feve!l percentile
= 1.282

Enter mission tume
= 1.0

Mission Time: 1.00000
Percentule: 1.28200

M2 = B06820 V2 = 0.0103983

.1
Reliability Bound is: £.728509

tf another confidence ievel or mission ume, give 1,
= 1

Enter confidence tevel percentiie
= 040

£nter mission time
= 1.0

Mussion Time:  1.00000
Percentile: 0.

M2 = 0.1806820 v2 = 0.0103983
Reliatnhity Bound s~ 0.850297

if another confidence level or mission time, give 1.
= 0

109
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TABLE 20. Example of incorreqt grdening:n the AQ bound talculation

fun

Give number of subsystems

3

Enter data starung Dy subsystem with smaiiest 1otal Lime on test
Enter data for subsystem |

Enter this subsystem’s total time on test

3597

Enter this subsystem’s number of failures

2

Enter data for subsysiem 2
Enter this subsystem’s tota
14.61

Enter this subsystem's number of failures
2

Enter data for subsystem 3

Enter Us subsystem's total tme on test
£2.542

Enter this subsvstem’s number of failures
2

| time on teg

Enter confidence ievel percentie
T DD

1.404

Enter mission ime

1.0

Percenuie: 1.28200

82 - 0.1400359 V2 = 0.0064862
Reliability Bound 1s: 0.780768

If another confidence level or mission time, grve 1.
i

Enter confidence level percentife
2 al
V.

Enter mission time.
1.0

Mission Time: 100000
Percentile: 0.

M2 = 0.1400359 V2 = 0.0064B62

.....

0

-
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Reference 13, page 200, line !

1th Subsystem

Total Lime on test

Number Fadures

V]

wn

9919

15.996

26.897

26.511

th
ot
Fe9
(1Y)
D

t
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TABLE 22 Exampie computer run fordatain TABLE 2

TLm

Gwe number of subsystems

5

Enter data starting by subsystem with smaliest total tume on test,
Enter data for subsystem 1

Enter this subsystem’s total Lime on iest

2914

Enter this subsystem’s number of faitures
a

Enter data for subsystem 2

Enter this subsystem’s total time on test
15.256

Enter this subsystem’'s number of failures
2

Enter data for subsystem 3

Enter thys subsystem’s total time on test
20.857

Enter this cubsystem’s number of farlures

Enter data for subsystem S

Enter this subsystem’s tatal lime on test
62.430

Enter this subsystem’s number of faslures
3

Enter canfidence level percentile

1.282

Enter mission ime

1.0

Mission Time: 1.00000
Percentile. 1.28200

Mi = 0.5946215 V1 = 0.0475423
Reliability Bound is: 0.412697

M2 = 0.5058325V2 = 0.0491630
Reliability Bound is: 0.406101

M3 = 0.5899235 V3 = 0.0465764
Reiiatiity Bound1s: 0.41567%

If another confidence tevel or mission ime,
0

2
o«
m
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TABLE 23 Thermaj stress environments for marnine craft

Environmental QOperating Nonoperating
condition N d oC
Exposed-unsheltered -S54 10 « 65 6210 + 71
Exposed-unsheltered -2810 + 65 ~62t0 + N
(ship}
Sheltered noncontrolled 4010 « 50 6210 « 71
environment (shore)
Sheitered noncontrolled Oto +«50 ~62to + N
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FATROEAAE

3. C0M

TABLE 25. Test profite data {example).

COMPART. TEMPER. EW.
MENT ATURE POINT EQUIP-
TEMPER- RATE TEMPER- JMENT
DURATION ATURE OF CHANGE Wq ATURE | OPERA-
(MINUTES) {*C) {("CPERMIN) | (g2/Hz) (*C) JTiON
GROUND NONOPERATING, 30 -54 - - N/A, OFF
COLD DAY
GROUND OPERATING, 30 ~54 - - N/A ON
COLD DAY
TAKEDQEF 1 - 5.0 0.002 NIA oM
CLIMB TO ALTITYUDE 3.2 - - 0.001 N/A ON
CRUISE 18 -32 - 0.001 N'A ON
DIVE 2.6 - 5.0 0.0019 N/A ON
CRUISE a5 -19 - 0.0019 NIA ON
CRUISE (COMBAT) 5 - g - 0.G07 N ON
CRUISE 45 -19 - 0.0019 NIA M
CLINME lh - 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/& ON
GROUND NOQNOPERATING, 3c + 71 - - 31 QFF
HOT Dav
GROUND CPERATING, 32 + 7 - - 3t CN
HOT DAY
TAKEOFF i - 5.0 0.002 N/A ON
CLIMBTO ALTITUDE 11 - - 0.001 N/ A ON
CRUISE 18 + N - 0.001 N/A ON
DIVE 4.2% - 141 0.0019 N/A ON
CRUISE 435 + 71 - G.0019 NS ON
CRUISE {COMBAT) S + 7 - 0.007 N/A N
CRUISE a5 A - 0.0019 N/A ON
CLIMB 7 - 8.71 0.001 N/A ON
CRUISE 18 +« 10 - 0.001 NIA ON
DESCEND TO COLD DAY 13 - 5.0 0.00% N/A OoN
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APUOYTAER

cai’t 6 utday temperatures (°Q) for Class | equ:pment tnarr-conditigoned compartments

ALTITUDE TEMPERATURE
(1000 FT) *C}
0 55
10 53
20 40
30 40
40 30
50 0

TABLE ?/ Hotday ambientiemperature (°C) for Class |l equipment in air-conditioned compartments

MACH HIGH
ALTITUDE NUMBER PERFORMANCE
{1000 FT) <06 0.8 1.0 >0

i} N rA 71 95
10 56 68 68 93
20 40 55 63 88
30 15 36 S6 80
a0 5 10 a6 70
S0 s 10 35 60
60 5 10 24 49
70 5 10 11 35

" Ambient cooled equipment must be turned off for 15 minutes after 30 minutes of operation
at these temperatures to comply with the Intermittent operation of MiIL-E.5400
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TABLE 28 Hol day ambient temperatures (°C) for equipment in ram air-cocted compartments

MACH

ALTITUDE NUMBER

(VOO0 FT) <-0.4 0.6 0.8 > (1.0
0 48 60 75 950
10 27 i8 52 7
20 6 16 29 a6
30 -15 -6 7 23
40 -36 -30 -16 -1
50 -30 -19 -7 8
&0 -3 -23 -1 4
70 - 30 - 22 - 10 5

VAmbient cooled Ciass It 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.

TABLE 29 Cold day ambient temperatures (°C) for equipment inram air-cooted compartments

MACH
NUMBER
ALTITUDE < 0.4 0.6 0.8 > (1.0)
(1000 FT) = -
—
0 - 44 -37 -15 -1
0 -18 -10 2 19
20 -36 - 28 - 16 -2
30 - S8 -50 - 40 -27
40 - 59 -51 - 41 - 18
50 ~-82 -76 -67 - 55
60 - 82 -75 - 66 - 54
70 - 65 - 58 - 48 - 35
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TABIF 30. lempeiatures (°C} for Class | and Class Il equipment in air-conditioned compartments

WARM COMPARTMENT
) MACH—‘ 0 6 8 HIGH
Al (I tu;g{l))‘é R to to to PERFORMANCE

. .7 . > 1

FEED) 59 9 99 >0

1 ] 8 12 19 27
2o 1 24 2y 36 a4

|

P
an
h
N
L]
"
~J
)
wn

30 7 11 17 24

40 8 12 17 24

SU 6 9 14 21
COOL COMPARTMENT

MACH 0 6 8 HIGH
AL?"I;BJCI))E NUMBER t;; ;% ;; PERFgR:\ﬂ:NCE

FEET) : ' : ="

) -26 | -13] -0 2
21010 -4 3 13 27

20 -7 [ -0 -1 i1

30 - 32 - 26 -17 -6

40 -33 | 27| -8 -8

50 -3} -32) -2 -14
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TABLE 31 Jet aircraft random vibration tast

Aerodynamic induced vibratron

0=
Wit = w,-3d8B

Kig)!, where q = Dynamg pressure (when > 1200 lbe/tt 2, use 1200

(SEE FIGURE 65 for spectrum shape)

K Location Factor

tquipment location

0.67 X 10-6 Equipment atiached to structure adjacen! to external surfaces that are
smooth, free from discontinuities.
0.38 X108 Cockpit equipment and equipment in compartments and on shelves adjacent
to external surfaces that are smooth, free from discontinuities.
03.5 X 10-8 Equipment attached to structure adjacent to or immediateiy aft of surfaces
having discontinuinies (that s, cavities, chins, blade antennas, and so forth)
01.76 X108 Equipment in compartments adjacen: to or immediately aft of surfaces having
discontinuities (that is, cavities, chins, speed brakes, and so forth}
SPECIAL CASE CONDITIONS
Fighter bomber
Condition Equipment [ocation Wp
Takeoff Attached to ar tn compariments adjacent 10 structure direcily exposed 1o 0.7
engine exhaust aft of engine exhaust plane {1 minute)
Cruise (Same as above) 0.175
Takeoft In engine campartment or adjatent to engine forward of engine exhaust
plane (1 minute) 01
Cruise {Same as above) 0.025
Takeoff, ianding, Wing and fin tips / deceleration {speed brake) (Y minute) g.1
maneuvers
High g wing and intips Y 0.02
(> 1000 Ibs/f12)
Cruise wWing and fin tps ./ 0.01
Takeof! All other locations (Y minute) 0.002
Cargoftransport
Condition tguipment iocation W,
Takeoff Fuselage mounted 0.01
Takeolf Interna! 0.00%
Takeolf Wing - aft of engine exhaust 0.05
All Wing up and finup ¥ o.Cy

I Usewingancg fin ip specirum {see FIGURE 65)

i Tekeof! tanding, plus 10 percent of cruise time
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TABLE 37. Temperature level tabulation - hot day (example).

TECHNICAL LIBRARY

AGRO T IANEE

CRIEOM

Temperature Level Duration Weighted
¢y (Minutes) duration
Low-low-low
Weighting factor = 0.10 n 145 14.5
High-low-low-high
Weighting factor = 0.40 36 60 24.0
71 27 10.8
10 7C 28.0
Low-low-high
Weighting factor = .25 1 75 18.75
23 60 15.0
Close support
weighting factor = 0.20 36 70 14.0
64 60 12.0
10 75 15.0
Ferry
Weighting factor = 0.05 23 240 12.0

liSelecied ievels and durations are:

MIN = 10°C for 43 minutes
MAX = 7t°C {or 44 minutes
INT = 35.8°C for 77 minutes

INT = 23(27) « 36(38) + 54&2) - 2757 =

27 « 38 « 12 77

35.8

TABLE 3B. Temperature summary - hot day {exampie).

Temperature Level Totat Weighted Duration
=0 {Minuies)
10 43.0
23 27.0
36 38.0
64 12.G
71 44.05
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TABLE 29, Temperature {eye| tabulation - cold day (example)

Temperature Level B Durauc;n_ wetighted
(*Cy ¥ {Minutes) duration
Low-low-iow
weighung factor = 0.10 ~26 145 14.5
High-low-low-high
Weighting factor = 0.40 ~-26 130 52.0
-iG 2 i0.8
Low-low-high
Weighung factor = 0.25 -26 140 35.0
Ciose support
weighting facter = 0.20 =26 70 14.0
-4 60 12.0
=27 75 15.0
Ferry
weighiing factor = 0.05 25 240 12.0

' Selected levels and durations (see 5.6.2.2)
Max = {=10) (10.8} + (-4) (12} _ _gg°C for 22.8 minutes

10.8 + 12
MIN = (=27) (35} & {-26) {3275} _ _ 26.1°C for 142.5 minutes
19 = 1275

since no levels remain to select INT value
IN ~ 26 1°C for 71,25 minutes and

wrs LS A

INT -26.1°Clor 71.25 minutes

thnw

TABLE 40. Temperature summary - coid day {exampie}.

Temperature Lavel Total Weighted
{C) Duration (Minutes)
-27 15.0
-26 127.5
-10 10.8
-4 12.0
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TABLE 45 Random vihration test for V/STOL arrcraft

Aerospace induced vibration
Wy = X(q)?, where q = dynamic pressure (when q > 1200 ibs/ft? use 1200}

Wi = Wo-3dB

{K)} Location factor

Equipment location

Q.67 X 108 Equipment attached to structure adjacent 1o external surfaces that are
smooth, free from discontinuities
0.34 X 10-8 Cockpit equipment and equipment in compartments and an shelves adjacent
to external surfaces that are smooth, free from disconunuities
3.5X 108 Equipment attached to structure adjacent to or immediately aft of surfaces
having discontinuities {that s, cavities, chins, biade antennas, and so forth}
1,75 X 10-8 Eguipment in compartments adjacent to or immediately aft of surfaces having
discontinuities (that s, cavities, chins, speed brakes, and so forth)
SPECIAL CASE CONDITIONS
Condition Equ:pment locatuion Wg (HOR) 3 iWalVERT) ¢
V/ISTOL
TYPES
A B
Takeoff V/ Attached to 6r in coOmpartments adjacent 0.7 0.05 [0.6C
1o structure directly exposed to engine
exhaust aft of engine exhaust plane
{\ minute) ¥
Takeoff V/ In engine compartment or adjacent to 0.1 0.17 10.04
engine forward 0.1 of engine exhaust
plane {1 minute) 2/
Takeoff All other locations {1 minute) 2/ 0.002 0.02 |0.02

1/ Takeofforlanding
27 Q.S5Sminutes fo

i/ Monzontal

4 Vertical
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TABLE 47 Stores hostaircraft mission wnhization rates for evironmental testing

Example utihzatron rates of mission profiles

Mission 1’ Percent Utilization Rate

Ground Attack, Training 40
Ground Attack, Combat 20
Defensive Maneuvers 20
Search angd Restue 10
Functional Check 5
Training Cycie 5

100

1’Stnce the first three missions, as a gro 1p, total BO percent of the uuilization rate, these three missian
profiles would be selected for combined environmental testing. 1f any of the other missions are
determined 1o inciude extreme or susiained environmental conditions nol encouniered in the Tyt
three missions, then those mussions also should be selected, thereby adding the meost divers'ty 1o the

test cycle I the first mission selected 1s utilized twice us much as the other two missians, then Mission
1 should be run twice as much per cycle. (See MIL-STD-B10, Table 520.0-1)
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TABLE 48 Random vibration. g.m, (OVL), level adjustment factors for the maximum predicted envirgnment
{95th percentile with 50 percent confidence based on one-side tolerance limit).

AIR-LAUNCHED grms (OVL) MINIMUM
MISSILES AND FACTORFOR DYNAMIC
ASSEMBLED BASELINE PRESSURE (q)
EQUATION EXTERNALSTORES MAXIMUM BELOW WHICH FIGURE
i CONDITION PREDICTED Orms (OVL) = 1.3 NUMBER
{NUMBER) OF CONFIGURATION ENVIRONMENT (CONSTANT) APPLICABLE

1 2 1/ 3
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 0.96 260 133
ALLSTORES

5 SINGLE STORE 0.83 302

6 CLUSTER MOUNT 1.25 2N
AIR-TO-AIR (AAN)

7 MULTIPLE-USE 1.07 235 134
ALLSTORES

8 SINGLE STORE 0.97 259

9 CLUSTERMOUNT 1.38 182

1 THE MAXIMUM PREDICTED ENVIRONMENT (AS DETERMINED FROM RANDOM VIBRATION
STATISTICAL ANALYSES) IS DEFINED BY + 6 dB LOG-LOG g.m (OVL) VERSUS q LEVEL EQUAL
TO OR GREATER THAN THE 95TH PERCENTILE VALUE AT LEAST S0 PERCENT OF THE TIME.
SEE FIGURE 132 FOR THE BASELINE g,m; VERSUS g FOR ALL STORES

2" CLUSTERMOUNT VALUES ARE ONLY VALID FOR CAPTIVE- FLIGHT CONDITIONS.

¥  EQUATION OF LINE, g,ms VERSUS g ( 6 dB/OCTAVE ON LOG-LOG):
(FROM i = 170 9) {Grm (OVLY]) = (T0EXPD) . gagELINE)

{exp] = [logiglq)-(2.28533))

Igrms {OVvti); = (FACTOR); [grms (OVL”1 (BASELINE)
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TABLE 50 Preliminary operational desiqn requirements (expecied

life of S years) (Continued)

FLIGHT EVENT

COMPARTMENT
LOCATION

RADOME
PAYLOAD (fFWD)
INDUCED PAYLOAD (AFT)
THERMAL RECOVERY

FUEL TANK

FMIS

FAIRINGS

FINS

ACTYATOR
COMBUSTOR

EXTERNAL INTERIOR

SURFACE AIR
{°C) {°C)
421 7
357 132
329 132
366 143
360 164
393 192
382 N/A
382 N/A
N/A 246
449 N/A

FLIGHT EVENT

CAPTIVE FLIGHT VIBRATION (INPUT)

{ALL 3 AXES)

20-150 Hz 0.01297tH2
150 - 500 Hz + 3dB/OCTAVE
500~ 1500 Hz 0.04g2/Hz
1500 - 2000 Hz - 3dB8/QCTAVE

OVERALL: 8.24G.m,
VIBRATION DURATION: 1 HOURPER AXIS

FREE FLIGHT VIBRATION (INPUT)

20-500 Hz
500 -2000 Hz2

OVERALL: 11,
DURATION: 2 MINS.

(FORWARD OF INLETS)

+3dB/OCTAVE
0.08g2/Hz

20-2000 Hz

(AFT OF INLETS)

0.43 g/Hz

OVERALL: 29.2 9rm;
OURATION: 2 MINUTES
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TABLE 51 Life cycle environments.
U.S. NAVY
AN EXAMPLE
SUMMARY CHARTS FOR THE
LOGISTIC LIFE CYCLE
ENVIRONMENTS
FOR A
LIFE OF 5-YEARS
(43800 HOURS}

SUMMARY OF
STORES LIFE DISTRIBUTION {S-YEARS) IN MASOR LIFE CYCLE PHASES

1. FACTORY/DEPQOT REWORK

HOLD/DELAY  CAPTIVE

IN-RQUTE MOVEMENT/ AND DUMP AND FREE
STORE TRANSPORT HANDLING HANDLE STORAGE/MAINT STORAGE FLIGHT
(5 YEARS- HOURS HQURS HOURS HOURS HOURS HOURS
43B00Q HARSY (PERCENT) (PERCENT) {PERCENT) ([PERCENT) (PERCENT) (PERCENT)
AN EXAMPLE 1667 809 a0 6120 s 22 68
(3.81) {1.8% {.09) (13.97) (80.23) (.09)
2 SHOCK
SPECIFIED
EQUIVALENT MAXIMUM STORE
ITEM AMPLITUDE NOMINAL PROBABLE STATUS
NUMBER (3-AXES with exceplion) DURATION NUMBER CONDITION
1. 35G 11 ms 6 1
2. 30G 1tms 1 2
3. 256G itms 3 5
4. 35G (LONG) 18 ms 2 1
5. 50G {VERT) 6 ms 4 6
6. 15G 2ms q 6
7. 25G 11Tms 1 ©
8. 30G 10 ms 4 6
9. 1 FOQOT DROP 3 1
ON CONCRETE
10. 18 INCH DROP 1 2
ON CONCRETE
{EDGEWISE
DROPS)
3. TRANSPORTATION VIBRATION {SINE}-- LOG SWEEP RATE (ASSUMED)
ESTIMATED
VIBRATION ESTIMATED
ACCELERATION ASSUMED DURATION DURATION STORE
ITEM LEVEL FREQUENCY RANGE TOTAL IN-RESQURCE STATUS
NUMBER (g} (Hz2) (HOURS) {(MINUTES) CONDITION
1. 1 2-5 3.0 30. 1
2. i 5-10 2.3 28. §
3. 2 i0- 20 2.3 28. 1
4 3 20 - 60 3.6 33. \
5 5 60 - 500 7.0 48. i
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TABLE 51. Life cycle environments (Continued)
U.5. NAVY

ALl Ew AR T
MY CAMIVIFLL

SUMMARY CHARTS FOR THE
LOGISTIC LIFE CYCLE
ENVIRONMENTS

FOR A
LIFE OF 5-YEARS
{43800 HOURS)
{CONTINUED)
4. CAPTIVE FLIGHT VIBRATION (RANDOM) -- POWER SPECTRAL DENSITY
NOMINAL VERAGE UIFETIME
FLIGHT PERCENT SAFETY EFFECTIVE DURATION STORE
ITEM CONDITION MISSIONS FACTOR MAXIMUM EXPECTED STATUS
NUMBER FORSTORE EMPLOYED ONg-LEVEL  PSD (g2/Hz) ATMAX.PSD  CONDITION
1. MEAN B5.0 1.5 0.040 1.4 Hrs s
2 MAX g 1.5 1.5 0.090 1.5 Mins 5
3 CLIMB/DESC 9.0 1.5 0.025 9.1 Mins 5
a, DIWVE/PULLOUT 2.5 1.5 p.on 2.5Mins 5
5 HIGH BUFFET 1.0 1.5 0.291 1.0 Mins 5
6 T.0./LANDING 1.0 1.5 0.023 1.0 Muns 5
7. FREE-FLIGHT 100.0 1.0 0.200 488.0 Secs &
5 TEMPERATURE - HUMIDITY
NOMINAL PROBABLE
TEMPERATURE RELATIVE OCCURRENCE TIME
PROFILE HUMIDITY DURATION
DEGF (DEG C) PERCENT HOURS
160 {70.1) 20 20.
140 {60.0) n 293.
120 (48.9) a0 1720.
100 {37.8) 47 5367.
70 (21.1) 49 81i63.
32 (0.0} 43 843.
0 {-17.8} 34 229.
- 25 {(-31.% s 38.
- 45 {~a2.8) 16 4.
-85 (-53.9) 3 1.
6. ACCELERATION (SUSTAINED FREE FLIGHT)
MAXIMUM STORE
ITEM LEVEL DIRECTION STATUS
NUMBER {q} CONDITION
1. +31.0 LONGITUDINAL 6
2 -4.0 LONGITUDINAL
3 +12.0 RADIAL )
4 -12.0 RADIAL 6
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7 ALTITUDE

ITEM
NUMBER

vih oWk

8 SALTSPRAY

iTEM
NUMBER

2

9 ACOUSTIC

ITEM
NUMBER

BDowe -

TECHNICAL LIBRARY

ABRDOTTALR

TABLE 51 Life cycle environments (Continued)

SUMMARY CHARTS FOR THE
LOGISTIC LIFE CYCLE

E

U.S. NAVY
AN EXAMPLE

NVIRONMENTS

FOR A
LIFE OF 5-YEARS
{43800 HOURS)
(CONTINUED)
MAXIMIUM
MAXIM UM PROBABLE STORE
ALTITUDE DURATION STATUS FLIGHT
(FEET} (TIME) CONDITION EVENT
35000. 17. Hrs V.2 AIR FREIGHT
> 40000. 1. Hrs 5 CAPTIVE FLIGHT
>30000. 5. Hrs 5 CAPTIVE FLIGHT
> 20000. 9, Hrs 5 CAPTIVE FLIGHT
5000. 33. Sec 6 FREE FLIGHT
DIRECT
EXPOSURE
MAXIMUM DURATION STORE
ALLOWARBLE EXPECTED STATUS
EFFECT {DAYS) CONDITION
ALLOWARBLE CORRODSION 5Q. 1,3.4
LEVEL EQUIVALENT TO
0.007 INCHES OF HOT
ROLLED STEEL DISSIPATED
PER S YEARS LIFE CYCLE.
SAME, EXCEPT 0.001 IN. S. 2.5.6
ASSUMED MAXIMUM
MAXIMUM FREQUENCY PROBABLE STORE
LEVEL RANGE DURATION STATUS
VERA {Hz) (TIME) NDITION
110 20 - 20000 33. Mrs 1
120 20 - 20000 9. Hrg 2
160 20- 20000 1. Hrs 5
163 20 - 20000 ARR Ser &
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10. RAIN

ITEM

Bow Ao

11, SNOW

tTEM

NUMBER

ITEM
NUMBER
1.

2.

TECHNICAL LIBRARY

AHBOTTASRDB,AACO.COM

TABLE 51. Life cycle environments (Continued)

U.s. NAVY

ABE P AR AR

HAN CEARIVIFL

SUMMARY CHARTS FOR THE
LOGISTICLIFECYCLE
ENVIRONMENTS

FOR A

LIFE OF 5-YEARS
{43800 HOURS)

(CONTINUED)

EXPECTED .

MAXIMUM
LEVEL

(IN/HR)

NORNN

EXPECTED
MAXIMUIM
LEVEL
{IN/HR)

10
10
10
10

45 MPH WIND
0.001 TO 0.1251INCH

DIAMETER PARTICLE SIZE

SAME

143

MAXIMUM
PROBABLE
DURATION

80. Hry
1. Hrg
3. Min

160. Sec

MAXIMUM
PROBABLE
DURATION.

64. Hrs
1. Hrs
2. Min

128. Sec

MaXiMum

[ Y- Y . VY- 1N <
FRAJOADLE

RURATION
38. Hrs

V. Hrs

STORE
STATUS
CONDITION.

N NN —

STORE
STATUS
CONDITION.

1
2
S
6

2,56
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ReaDOTAER

TABLE 51 Life ¢ycle envircnmeants {Continued)
AN EXAMPLE
NOTES TO ACCOMPANY
US NAVY STORES LOGISTIC CYCLE
DURATION AND LEVELS OF EXPOSURE
TO ENVIRONMENTS
FOR A |IFE OF S-YEARS (A3800 MAMIBL)

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/ACI5S AIRBASE OR AIRCRAFT CARRIER

* - ASSUMED ENVIRONMENTAL LEVEL

e nr

RE-ENTRY POINT iN LOGISTIC CYCLE FOR REUSABLE STORE (EV

* ~ASSUME FACH TAKEOFF IS A CATAPULT, EACH LANDING AN ARRESTMENT

- 259 1170 18 MILLISECONDS (LONGITUDINAL)
i FOO DnuF' TO CONCRETE (CORNER OROPS)
3

T
(ASSUME MAXIMUNM OF 1 OCCURREMNCE PER E EVENTS /S YEARS)
3.5g FOR 25 T0O 50 MILLISECONDS (VERTICAL AND LATERAL }
(ASSUMED 4 OCCURRENCES PER EVENT /5 YEARS)

B-‘IgFROM‘IHz TO  10Hz
29 FROM10Hz TC 20Hz
3gFROM 20Hz TO 60Hz
Sg FROM 60 Hz TO SO0Hz

C-25g FOR 11 TO 18 MILLISECONDS (EACH AXIS)

g Crs e EMED IS,
1 FOOT DROP 7O 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 1.5 HOURS UNLOADING) AND NUMBER OF FLIGHTS
(AVERAGE 1.50 HOURS/FLIGHT)

APPROXIMATE

NOMINAL TOTAL
MISSILE NAME NO LOADS/UNLOADS FLY. HOURS LD/UNLD HOURS
AN EXAMPLE 7 22.50 23

E-THE APPLICABLE MISSILE BUFF ETISHOCK LEVELS {COMBAT MlSSlONS} ARE 2 erm
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TABLE 51. Life cycle environments (Continued)
AN EXAMPLE
NOTES TO ACCOMPANY
U.S. NAVY STORES LOGISTIC CYCLE
DURATION AND LEVELS QF EXPOSURE
TO ENVIRONMENTS
FOR A LIFE OF 5-YEARS ( 43800 HOURS)

(CONTINUED).
F - SEE APPLICABLE MiSSION PROFILE(S) FOR CAPTIVE CARRIAGE FOR
A-6 P-3
FIQF-4 DC-130
FIA-18

NOMINAL CAPTIVE FUIGHT VIBRATION LEVELS (ASSUMED)

{FOR SPECIFIC STORE FLIGHT HOURS, SEE INDIVIDUAL STORE DURATION AND LEVELS OF
EXPOSURE TO ENVIRONMENTS )

0.024 g2/Hz, 20 TO 250 Mz
0.004 grHz, 250 TO 1500 Hz
0.012 g2/Hz, 1500 TO 2000 Hz (MEAN CAPTIVE FLIGHT)

0.096 g2/Hz, 20 TO 250 Hz
0.016 g2/Hz, 250 TO 1500 Hz
0.048 g/Hz, 1500 TO 2000 Hz (INTERMITTENT MAXIMUM)

BUFFET LEVELS (ASSUMED AT 1 PERCENT OF FLIGHT TIME)

10 Hz - 30 Hz
0.1 g¥irz

30 HZ - 200 Hz
- 6 dB/OCTAVE

G - SEE APPLICABLE MACH NUMBER VS. ALTITUDE FOR RECOVERY TEMPERATURE AND
MISSION PROFILES OF APPLICASBLE CARRIER AIRCRAFT

A-6 P-3
FIQF-4 DC-130
F/a-18

H - 15g 1170 18 MILLISECOND (ASSUMED - 4 OCCURRENCES / 10 UNLOADINGS)
18 IN. DROP TO CONCRETE (EDGEWISE DROP)
{ASSUME 1 OCCURRENCE PER 10 UNLOADINGS)

I — ASSUME 12 HOURS EACH FOR STORE ASSEMBLY/DISASSEMBLY AND MAINTENANCE.

MAINTENANCE. INSPECT, TEST,

NOMINAL ANNUAL AND ASSEMBLY/DISASSEMBLY
MISSILE NAME FREQUENCY ASSUMED {HOURS)
AN EXAMPLE ) 584

J - ASSUME 1 SHOCK EACH 1 HOUR AND 30 MINUTES IN DEPOT AND
ASSEMBLY/DISASSEMBLY AND EACH 4 HOURS HANDLING TRANSPORT AND TEST
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ENEOTVAER

TABLE 51, Life cycle environments (Continued)
AN EXAMPLE
NOTES TO ACCOMPANY
US NAVY STORES LOGISTICCYCLE
DURATION AND LEVELS OF EXPOSURE
TO ENVIRONMENTS

FOR A LIFE OF S-YEARS ( 43800 HOURS)

{(CONTINUED).

K - ASSUMLU 1 DAY FLIGHT LINE STORAGE PER 4 FLIGHTS, READY/ALERT 4 HOURS PER FLIGHT, AND LIVE
STORAGE AT ONE DAY PER LOAD/UNLOAD. AS FOLLOWS

LIVE FLIGHT LINE READY
MISS! E NAME STORAGE STORAGE ALERT
— (DAYS) (DAYS) (HOURS)
AN EXAMPLE 10 7 120

L - ASSUMING DELIVERY, EMPLOYMENT, AND REPAIR/REWORK LIFE FREQUENCY. THEN THE
REMAINING PORTION OF LIFE SPENT IN DEAD STORAGE.

TOTAL TOTAL
RECYCLE CONUS RECYCLE TO DURATION LIFE DEAD
AMISSILE NAME  FACTORYIDEPOT EUR DEPOT N ACTIVE STORAGE
IN DAYS IN DAYS STATUS IN DAYS
(PERCENT) (PERCENT) 1N DAYS (PERCENT)
(PERCENT)
AN EXAMPLE 265 T 8% T L¥] 1363
(14.52) (7.95) {2.85) {74.68)
M - SEEINDIVIDUAL STORE LISTING FOR QUANTITIES.
N - VIBRATION {RANDOM} ACCELERATION SPECTRAL DENSITY LEVELS FORALL STORES IN FREE FLIGHT
(ASSUMED)
NOMINAL
RANDOM VIBRATION {g2/Hz) FREQUENCY
LAUNCH BOQST FREE FLIGHT Hz
0.024 0.01 0.006 20- 250
0.135 0.08 0.02% 250 - 1500
0.012 0.02 0.003 1500 - 2000
APPROXIMATE MAXIMUM FREE-FLIGHT EVENT TIMES {IN SECONDS)
MISSILE NAME SAFE AND ARM FREE-FLIGHT FUSING
AN EXAMPLE 9.10 165.00 FREE-FLIGHT
FUSING ASSUMED
AT 5.205EC
FROM IMPACT
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TABLE 51. 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 5-YEARS (43800 HOURS)
{CONTINUED}
STORES LOGISTICS STATUS CONDITIONS
EVENT STATUS EVENT STATUS
NUMBER CONDITION® NUMBER CONDITION®

1 1 25 3
2 1 26

3 1 27 2
4 3 28 2
s 1 29 S
[ 1 30 2
7 3 3 3.4
8 6 32 2
g i 33 .S
HH ! 32 2
1" 1 3s 2
12 1 36 2
13 1 37 5
14 i 35 2
% H 39 2
16 1 40 5
17 1 a1 2
18 1 42 2
19 1 a3 6
20 i g 6
21 1.2.6 45 6
22 1 46 6
23 1 a7 [
24 1 48 -

INOPERATIVE IN CONTAINER

INOPERATIVE QUT OF CONTAINER

VISUAL, DESICANT, MUMIDITY {INOPERATIVE iN CONTAINER)
INOPERATIVE - CONTINUITY/BIT {INJOUT CONTAINER)
PARTIALLY OPERATIVE

FULLY OPERATIVE

coawN -
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TABLE 52 Assumed typical atrack mission profiies

EVENT q Tr{°C) Tr(*C)
SVENT ] TimE MACH | (STAN- | Tr(°C) {(HOT (COLD
Num- I imIN- | ALTITUDE | NUM- ] DARD | (5TD DAY) DAY)
BER | UTES) (FEET) BER DAY) | pDay) | 105% DAY | 10% DAY REMARKS
i ol -5 00 |oo 0 15 as -54 | GROUND RUNUP/TAXI
j i 15 1,000 {0.673 646 36 68 -35 TAKEQOFF/CLIMB/RUN-OUT
: 2 25 30,000 {0.582 149 -31 1 ~53 CLIMB/CRUISE
3 15 8.000 ]0.672 495 21 ag ~13 DESCEND/ON-STATION
4 2 3,000 ]0.832 918 a4 77 ¥ ~23 DIVE/ATTACK
5 4 8,000 |0.752 622 27 55 -8 CLIMB/LOITER
| & 2 3,000 |0.832 918 44 77 ¥ -23 DIVE/ATTACK '
7 2 8,000 |o.752 622 .7 55 -8 CLIMB/RECONNOITER
8 2 3,000 {0.832 91§ &4 77 7 -23 DIVE/IATTACK
9 7 5.000 10.668 549 27 57 ~23 CLIMB/DEPART STATION
10 23 427,000 Jo.619 76 -3 -14 ~55 CLIMB/CRUISE (BACK)
1 23 4,000 {0584 436 24 55 -33 DESCEND/CRUISE/LANDING
12 10 co lo.o 0 15 45 ~54 TAXIPARK
HIGH-MEDIUM-LOW MISSION (2 HOURS, 10 MINUTES)
EVENT q Yoo Ta(~C)
EVENT | TIME ALTITUDE | MACH | (STAN- | Tai*C) (HOQT {(CoLn
NUM- | (MIN- {FEET) NUM- | DARD | (5TD DAY) DAY)
B8ER | UTES) BER DAY} | DAY} | 10% DAY | 10% DAY REMARKS
0 -15 0.0 jo.0 0 15 45 ~54 GROUND RUNUP/TAXI
1 7 5,000 |0.4% 249 16 43 -33 TAKEQFFICLIMB/ILOW
~27 5 -50 CRUISE
2 18 30,000 |0.65 186 30 58 -8 CLUMB/ON-STATION
3 a 10,000 0.8 736 4 2 -28 DESCEND/HIGH ATTACK
4 6 20,000 |0.80 436 36 64 -3 CLIMB/LOITER
5 2 10,000 |0.92 862 -3 13 -34 DESCEND/HIGH ATTACK
6 B 20,000 |o.70 334 ~16 a2 -21 CLIMB/LOITER
7 16 10,000 |0.65 430 38 71 -33 DESCEND/RIGH ATTACK
8 13 1,000 10.70 700 26 56 -30 DESCEND/ON-STATION
9 3 5,000 ]0.65 520 58 93 -19 CLIMB/INITIAL RUN-IN
10 2 so0 (093 1,263 43 76 -26 DIVE/ATTACK
1" 4 2,000 |0.80 881 51 85 =25 CLIMB/RECONNOITER
12 2 sot {oss 1,055 26 58 -40 DIVE/ATTACK
13 3 2,000 |0.55 417 47 81 -26 CLIMB/RECONNOITER
14 3 1,000 1{0.82 960 16 a2 -21 DIVE/IATTACK
15 19 10,000 }0.6% 430 24 55 -39 CLIMB/CRUISE(BACK)
16 7 3,000 }o0.55 401 15 45 -54 DESCEND/CRUISE/LANDING
17 10 00 |o.o 0 TAXUPARK

M ORMAXIMUM AS AVAILABLE (NOT LESS THAN 71°C)
Tr- RECOVERY TEMPERATURE

Ta {°R} = T= CR}{1+40.178 (MACH No )2}
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TECHNICAL LIBRARY

TABLE 53 A method for calculating tast profile times for a specific number of test cycles. (Contingad)

A

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 1S DETERMINED BY DIVIDING THE TOTAL TIME ALLOCATED

[ ] TECTY v 4
PLATESTITEMBY THE TOTAL TIMEPERTESTOYCLE {>325/16.017 = 20.254, OR2.03 TiMiE

ADJUSTMENT FACTOR FOR EACH TEST EVENT FOR 10 CYCLES).
USE TO EXPAND THE PROFILE TIME SCALE OF FIGURES 143 THRQOUGH 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)

SEE59.3.1 FORSCHEDULING SHORT-TERM AND LONG-TERM ELECTRICAL INTERRUPTS.
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TABLE 55. Assumed free-flight miss.on profile for example store {low-tow) vibration (Conunued)

GENERAL FREE-FLIGHT NOTE

Based on the approximate relationship of a constant boundary layer pressure ratio with flight
dynamic pressures and aerodynamically-induced random vibration (Referente 23, pages 21 and 58) and the
relationship of Wy = K{q)2 {the spectrum relationship between equipment locations and surface
discontinuities), the free- flight (g,m,)? acceieration, (hence, the feve! relationship for the PSD versus

{frequency) it assumed to vary in direct nrnnnnnnn to the |ﬂt alrrraﬁ tmooth surfacse« flow and Hl(rnnhnullv
NUTITILY s s waswi T AU VEY SLl e LR 8 = & H PPl ST raa s TN QN Q1L QT

surfaces flow coetficients.

X {smooth) = K (free-flight)

K (discontinuity) K {capuve-flight)
or. {Wol = K (smooth} (Wg) Captive =(0.1914) fwol
free it high speed
flight K {discontinuity) captive PSD
where.
a(M = 0.45) =q=<q(M = 2.0)
and,
W1 = WD "3dB
These limits are based on Reference 23, pages 21 through 25 and the initial assumptions of the
M < 0.45 and q < 250 Ib'fi2 the minimum level of Wy for testing.
then,
{armi{q. Wg)]  =(0.1914)2 fgems (a. Wo)l
free high speed
flight captive data
or,
[grrm {q, Wg)] =1(0.4375)|g,m; (q. Wp)]
free high speed
fhight captlve data
where,

the g,m, relationship is shown in FIGURES 132 through 134
q{MIN) <q= 5930 Ibwhi2

qQMIN is listed in TABLE 48 for FIGURES 132 thru 134
MACH (MAX) = 2.0
Vo = 1116.89 fi/second, (for Mach = 1.0 at sealevel)

2.0 at sea level}

Q(MAX = 5930 ibs/fi2 (for Mach

)
[*2]
i
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ABDYT

Decision Risks (Nominal) 10 Percent
Discrimination Ratio (d} 1.5:1

REIECY

20 A L

)4

y EupectedLeciﬁon porrt
=,

hL / Tor MTRF

Z

10 20 30 40 50 [ 2]
TOTAL TEST TIME (IN MULTIPLES OF LOWER TEST MTBF, 8,) U

CHARGEABLE FAILURES

[+]

Chargeable Standardized termination time, 1 2/ Chargeable Standardized termination time, 12
failures Reject attes | Acceptattnz failures Rejectatig s | Acceptatin=
0 N/A 6.95 N 18.50 32.49
1 N/A 8.17 22 19.80 33.70
2 N/A 9.38 23 21.02 348.92
32 N/A 10.60 24 22.23 36.13
4 N/A 11.80 25 23.45 37.35
S N/A 13.03 26 24.66 38.57
6 0.34 14.2% 27 2588 39.78
7 1.56 15.46 28 27.07 41.00
8 2.78 16.69 29 28.11 42.22
9 399 17.50 30 29.53 43.43
10 5.20 19.1% 1N 30.74 44.65
11 6.42 20.33 32 31.9¢6 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 35 35.61 49.50
i5 11.25 25.19 36 36.82 49.50
16 12.50 26.81 37 38.04 45.50
17 13.72 27.62 38 39.26 49.50
18 14.94 2B.64 39 40.47 49.50
19 16.1% 30.06 40 41,69 49.50
20 17.37 31.27 41 49.50 N/A

Accepi-reject criteria

1'Total test time is the summation of operating time af all units included in test sample

2/ To determine the actual termination time, muluply the standardized termination time (1) by the lower test
MTBF ( §,).

FIGURE S TestPlan 1-D.
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EXPECTED TEST TIME EXPRESSED
AS MULTIPLES OF 90
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FIGURE 9.
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Decision Risks {Nominal) 20 Percent
Discrimination Ratio (d) 1.5:

i

.‘ml“”

18 +—

REJECT

CONTINUE
TEST

CHARGEABLE FAILURES

tor MTRF a

-

e

ACCEPT

upectad decision point

y

5 10 15 25
TOTAL TEST TIME (IN MULTIPLES OF LOWER TEST MTBF, §,} ¥/
Charqeable Standardized termination time, t 2! Chargeable Standardized termination time, t 1’
failures Rejectattgs | Acceptatt,z tailures Rejectattgs | Acceptatts =
0 N/A 4.19 10 8.76 16.35
1 N/A 5.40 11 9,98 17.57
2 N/A 6.62 12 11.19 18.73
3 .24 7.83 13 12.49 19.99
4 1.46 9.0% 14 13.62 2111
-3 2.67 10.26 1% 14.84 21,90
6 3.90 11.49 16 16.05 21.90
7 S.12 121 17 17.28 21.90
8 6.33 13.92 18 18.50 2190
g 7.55 15.14 19 2150 N/A

MTBF ( §1)

Accepl-reject criterid

Y Total test time is the summauon of operating time of all units included in test sample
2/ To determine the actual termination time, multiply the standardized termination ime (1) by the lower test

FIGURE 10 Test Plan l-D.
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EXPECTED TEST TIME EXPRESSED

PROBABILITY OF ACCEPTANCE

AS MULTIPLES OF 90
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TRUE MTBF EXPRESSED AS MULTIPLES OF 90, 91

L Z
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L]

1.0
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4

2.

0

a= 20 percent
B = 20 percent
d=1.5:1

3.0 8,

4.5 91

TRUE MTBF EXPRESSED AS MULTIPLES OF &g Gl

FIGURE 10

Test Pian 1

i-5.
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ADBOETAER

Decision Risks {Nominal) 10 Percent
Discnminaton Ratio (d) 2.0
20
) / -
w /
E REJECT CONTINUE
5 TEST e
- /
2
o
¥
3
ACCEPT
_oh
5 / /
txpected decition point
for MTEF =
] )
5 (14 is b1) is
TOTAL TEST TIME (\N MULTIPLES OF LOWER TEST MTBF, #,) V
Chargeable Standardized termination time, 12’} Chargeable [Standardized termination time, 12
tailures Rejectattg < Actceptat iy 2 tailures Rejectatipgs Acceplat i,z
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 20.60
a 2.08 9.94 13 14.56 20.60
5 3.45 11.34 14 15.94 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

MTEF( §5).

Accepl-Reject critena
¥ Total test time is the summation of operating time of all units included in test sample.
2/ Todetermine the actual termination ttme, multply the standardrzed termunation time (1) by the lower test

FIGURE 11

Test Plan 11i-D.
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0OC CURVE
1.0 e
g Q- /
£ °f 7/
= .8 a-=
a C / 5.
o .7
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= b l
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= 3f /
< .2 f
e a4
e 0 ;..X;nn.x I U B B S [ T W B N S
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TRUE MTBF EXPRESSED AS MULTIPLES OF 90. 91
EXPECTED TEST TIME CURVE
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TRUE MTBF EYPRESSED AS MULTIPLES OF 90, 91
FIGURE 11 Test Plan 111-D. (Continued)
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ATBOTTAL

Decision Risks (Nominal) 20 Percem

Discrimination Ratio{d) 2.0.1

BRARY

‘I [ l

7 .

[

I8
w
E sh /
o /
2
u /
2 4
(* 7]
O
-4
< /
o |
/ / ACCEPT
v
: // /z
/.;pened decision point
1 T tor MTRE =
o L

2

TOTAL TEST TIME (IN MULTIPLES OF LOWER TEST MTBF, §4)V

Chargeable
faiiures

O~V H W - O

Standardized termination time, 12/
Rejectatig = Acceptatiaz
N/A 2.80

N/A 4.18

70 5.58
2.08 6.96
3.46 8.34
486 9.74
6.24 9.74
7.62 9.74
a4 N/A,

1/ Total test time is the summation of operating time of all units included in test sample.

Accept-reject critena

10

2 To determine the actual termynation ime, multipiy the standardized termination Lime {1} by the iower tesi

RTBF{ F1).

FIGURE 12. TestPlaniv-D
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PROBABILITY OF ACCEPTANCE

EXPECTED TEST TIME EXPRESSED
AS MULTIPLES OF 90

TECHNICAL LIBRARY

GC CURVE
1.0 ’________.__a
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S
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1.0 9] 6.0 91
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FIGURE 12. Test Plan IV-D. {Continuec)
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Decisivin Risks {Nominal} 10 Percen:
Discrimination Ratio (@) 3.0: 1%

? - 1)
s - //
o P .
w 5 —
g REJECT C°¥E1;¥UE
2 .0
L]
[
g, d i .
3
S / / ACCEPY
L .
: -
\ faptcled gecison pomt
// for MTBF o A,
0 -
3 & s 12

TOTAL TEST TIME (IN MULTIPLES OF LOWER TEST MTRF, £,}V/

Chargeable |Standardized termination time, t 2/
failures Rejectattas | Acceptatt,z
¢ NIA 3.75
N/A 5.40
2 57 7.05
3 2.22 8.70
a 87 10.35
5 5.52 10.35
6 71.17 10.35
? 10.3% N/

Accept-rejectcriteria
17 Total test ime is the summation of operating time of alt units included in test sample,

h I o

2 To determine the aclual iermination ime, mulliply the standardized termination ume {1} by the iower {est
MTBF { #:)

FIGURE 13, TestPlan V-D.
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EXPECTED TEST TIME EXPRESSED

PROBABILITY OF ACCEPTANCE

AS MULTIPLES OF 90
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s v a4 w .

TECHNICAL LIBRARY

BAMTALRDIPACE. EOM

0C CURVE

.
o

Hu

i Y
™\
N
o™

+

QD o Lo O~ ) \D

‘-I/J‘A_Lllll ) I N N W T . U W I W N T
1.0 2.0 3.0 90
1.0 91 9.0 91
TRUE KTBF EXPRESSED AS MULTIPLES OF 8, 8,
. EXPECTED TEST TIME CURVE
0’ /\ :
3'— Z \
6 ! —
7 ———]
4 A
2.— i
of—/
8L il
6*/
WA
N
:i‘a;:Li_a I S S N - S N ISR
1.0 2.0 3.0 90
1.0 91 9.0 0,

TRUE MTBF EXPRESSED AS MULTIPLES OF 90. Gl

FIGURE 13. Test Plan V-D. [(Continued)
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TECHNICAL LIBRARY

Decision Risks {(Mominal) 20 Percent
Discrimination Ratio{d) 3.0 .1
3p—— I T
1
!
REIECY

2 4
W /
[¥7)
&
=
=
<
[~
o |
[<]
a CONTINUE
)} TEST
&
g

.
1 - . Vi
ACCEPT
p Expected deciston point
/ for MTBF « §,
) 75 1.50 225 3.00 178 450

1/ Total 1est ime is the summation of operating time of all unityincluded in test sample.

TOTAL TEST TIME (IN MULTIPLES OF LOWER TEST MTBF, #4)

Chargeable Standardized tetmination time, t ¢
failures Rejectatta < Acceptatts 2
o NiA .67
1 N/A 432
2 .36 4.50
3 4.50 NiA

Accept-reject criteria

2! To determine Lhe actual terminauon ume, multiply the standardized terminauon ume (1) by the lower tes:

MTEBF ( ¢,).

FIGURE 14. Test Plan Vi-D
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EXPECTED TEST TIME EXPRESSED

PROBABILITY OF ACCEPTANCE

AS MULTIPLES OF 90

i

[SE R T
.

N DO B

TECHNICAL LIBRARY

-

W B GO~ WO

(=]

(@]

0C CURVE

o Ag-csif"“F"-‘-—__i=q
g ’/’ a = 20 percent
o !, B = 20 percent
5 // d = 3:1
[ T

]

4
[~ /
L }/
n/lnlx;l_[ U N G N G U W e P A A B Y

' 1.0 2.0 3.0 8,

1.0 91 9.0 91

TRUE MTBF EXPRESSED AS MULTIPLES OF 84, e

EXPECTED TEST TIME CURVE

1

o //—
_41’
]
1/
’ L
1.0 2.0 3.0 00
1.0 91 3.0 01
TRUE MTBF EXPRESSED AS MULTIPLES OF 90. Gl

FIGURE 14. Test Plan VI-D. (Continued)
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CHARGEABLE FAILURES

Decision Risks {Nominal)

Discrimination Ratio (d)

TECHNICAL LIBRARY

WIIL="MIWOoORT7D1

ér—
3 /
REJECT ) v
vd
. yd

TEST

T Expecred decinion point
/ for MTEF = 00
// ACCEPT |
1 1 3 a -] [

TOTAL TEST TIME {IN MULTIPLES OF LOWER TEST MTBF, g4}

Chargeable | Standardized tarmination time, t ¥/
failures Rejecisttn s | Acceptistial
0 N/A 3.15
i N/A 437
2 N/A 5.58
3 1.22 .80
4 2.43 680
5 3.65 6.80
6 6 80 N/A

Accepl-rejectcntena

M Total test Lime is the summation of sperating ume of all units included in 1estsample

2/ To determine the actual termination time, muluply the standardized termination ime (1} by the lower test
MTBF ( Gh).

FIGURE 15 Test Pian Vii-D
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EXPECTED TEST TIME EXPRESSED

PROBABILITY OF ACCEPTANCE

AS MULTIPLES OF 90

TECHNICAL LIBRARY

BOTTAORONPALET. TOM

0C CURVE

1 p—
--OL ]
.? - ‘/”r )
.8 N
2t £ 8-
.6_ 7 -
sf—HF
4 F f
.3 /,’
.2
Ak /
G—_LJ___/Inlnnn [ TS T W U S W S N [ W W N Ak A g
1.0 2.0 3.0 0
1.0 91 4.5 91
TRUE MTBF EXPRESSED AS MULTIPLES OF 90, 91
EXPECTED TEST TIME CURVE
4.0
3.5 ——
3.0 // \"P-“;-
2.510 ~
2.0} 7
1.5 " ‘/
i.0
b /
‘or{rl [ T A W S N T I O A PSS N N B S I |
" 1.0 2.0 3.0 9,
4.5 8
1.0 91 1
TRUE MTBE EYPRESSED AS MULTIPLES OF 90, 91

FIGURE 15. Test Plan VII-D. {Continued)
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TECHNICAL LIBRARY

Oecision Risks (Nominal) 30 Percemt
Disenmination Ratio (d}  2.0: 1
3
REJECT
L]
2
=
>
2 CONTINUE
e TESTY
- |
=
o AfCEPT
2
&
«
S 2
Enpected decision point
tor MT8F = 1,
0 /

MTBF ( #4).

an
L

TOTAL TEST IME (IN MULTIPLES OF LOWER TEST MTBF, §,)~

3N
aw

an
-

Chargeable Standardized termination time, t ¢
failures Rejectat iz < Acceptatt, =
0 N/A 1.72
1 NIA 3.10
2 N/A 4.50
2 4.50 N/A

Accept-rejecicnitenia

1f Total test time is the summation of operating time of all units included in test sample.
2/ To determine the actual termination time, multiply the standardized termination time (t) by the lower test

FIGURE 16. Test Plan VIII-D.
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EXPECTED TEST TIME EXPRESSED

TECHNICAL LIBRARY

ot

—_ W BN - OO

PROBABILITY OF ACCEPTANCE

o

—

oy
- - " . - - .
N ~ 0 O O *

N
(%, ]

.
=3

AS MULTIPLES OF 90

.

- N

o *

0C CURVE
—
—
o _a—
- ~ u=
B =
o d:
r /
: /
1 £
[ /
rd
g L_.I__%llll L i 4 & & L i 4 PR Y S
1.0 2.0 3.0 90
1.0 8 §.0 Gl
TRUE MTBF EXPRESSED AS WULTIFLES OF Go. Gl
EXPECTED TEST TIME CURVE
- \
: /l/ — \"-_‘:
_/
7
2|
¥l
ﬂlla_l_ll_l.l A4 b . n t s a1 0 1 5 2 o i J
! 1.0 2.0 3.0 9,
1.0 91 6.0 91
TRUE WTBF EXPRESSED AS HULTIPLES OF 8p. &
FIGURE16. Test Plan VIII-D. (Continued)
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FATLURES

-

TECHNICAL LIBRARY

- -

ST ACCEPT

4
TEST TIME (MULTIPLES OF 51)

FIGURE 17. Fixed-duration test plan {example}.
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TECHNICAL LIBRARY

10% CONSUMER'S RISK (&) TEST PLANS

MTEF (X{e))
21 ¥ )
< i“
10 T
\
v EXAMPLE "
Iy TEST PLAN
B 1 \ IO'G
J ACCEPT AT
‘1 TEST _TIME
i } 9.27
L]
VI 1
6 NI 1
\ \
yS1 1 AN L]
i i UPPER
N " TEST
9 Y 1 MTBF (80}
Ko Py FOR .
SEEEE’TES"‘E RS ; . PRODUCER'S
Ca\ - -~ RIS". O:
MTBF 8 T—"‘" — -J;_-I—.tLT o ot 28 U TJ 10% o
T “3-t4- il il s e Py _____--—J °
LoweR TEST A 3 o TRy R = 0%
MT8F 8) R .10“ B8] 9 10 1) (12 1344 [iSI6I7 18j15 22
- .:-M' ™
(o] 4 8 12 5 20 24 28

TOTAL TEST TIME ( IN MULTIPLES OF LOVER TEST MTEF, &, )

TESTPLAN NUMBER OF FAILURES TOTAL TEST TIME (1) ACCEPTABLE & DISCRIMINATION RATIO. { ¢ of €1} FOR

NUMBERS (MULTIPLES OF {MULTIPLES OF PRODUCER'S RISK

ACCEPTED  REJECTED Y é.f as30% Q=20 €. 10%
101 [} i 2.30 230 646 10 12 21 8%
10-2 1 b4 iey 194 3.5¢ 472 2
10-3 2 3 532 1.77« 2.78 347 4B)
10-4 .3 4 668 167+ 242 291 38)
105 a 5 7.9% 159+ 2.20 159 329
10-6 5 6 9.27 155« 195 2.22 270
10-7 6 7 1053 150« 1.95 222 2.70
10-8 7 8 1.77 1874+ 1.85 21t 2.5)
10-9 8 9 12 99 143 1.80 202 2139
10-1D 9 10 1421 142 1.7% 158% 2128
10-71 10 1} 15 &3 1.80 « 1.70 1.89 219
10-12 Lk 12 16 60 138+ 1.66 1.84 212
10-13 12 13 17.78 137« 1.63 V.79 2.00
10-14 13 " 1896 135+ V.60 .75 200
1015 1a 15 2013 t.34 . 1.56 1.72 195
10-16 15 16 2129 133 156 1.69 19
10-12 16 17 2245 5324 154 1.67 i.87
10-18 7 18 23 6y 131, 152 162 182
10-19 18 19 2475 1.30 « 1.50 162 178
10-20 19 20 25.90 129 + 1.48 1.60 +.78

FIGURE 18. 10 Percent Consumer’s Risk {8) Test Plang

205



TECHNICAL LIBRARY

MIL-HDBK-781

20% CONSUMER'S RISK (£) TEST PLANS

MTBF (%x(8y)}) I
|5{
10
EXAMPLE:
p TEST PLAN
1 2'-
8 . ACCEPT AT
‘l TEST TimE
; 1.91
! 1
i T
6 [ L ‘
! i i
] \\ : |
1.0 i UPPER
4 —e—3 T TEST
\ . i ::ATEF (eg)
ACCEPTABLE MR el pgoauﬂgg's
OBSERVED N <
LHV ]\ ‘l_ T RISy, QF
MTgF © _F . bl Ve - 10%, =
Y =¥ =1 ] - 0% ¢
LOWER TEST e b N IR IR s w0% e
MTBF © i A T~ 30% a
! et hat) 7 8 9 NDIL 1213 191516 37 1B 9 2
- akd '.u.‘-" l r l
- ‘1"
0 4 8 17 16 20 24
TOTAL TEST TimE {IN MULTIPLES OF LOWER TESTMTBF, 8, )
A
TOTAL TEST TIME (1] ACCEPTABLE £ DISCRIMINATION RATIO, { FOR
NumsErs  UMRreOFrAnuReS MULTIPLES OF - {MULTIPLLS OF PRODUCER'S msex%/ed
ACCERPYED  REM(CTED 64 64 a =30% G-30% G =05
205-1 0 [] [ 1,61« 451 .22 15.24
202 1 2 2.99 150+ 2n 38 5.61
20-3 2 3 q.28 1.43 « 2.24 2.79 .88
20-2 3 & 5.57 .30 1.93 2.40 3.1¢
20-5 a 5 6.72 134+ 1.85 2.7 2.76
20-6 5 6 7.9 1.32 « 1.75 2.03 .51
20-7 8 7 5.08 130 1.68 182 2.33
20.8 ? [ 10.23 .26« 1.62 1.83 2.20
209 8 9 11.38 1.26+ 1.57 177 2.09
20-10 g g 12.52 1,25« 1.5& 1.7 .01
20-1 10 1 13.65 1244 1.5% 1.67 1.94
20-12 n 12 14,78 123+ 1.48 1.64 1.89
2013 12 13 15.90 1.22+ 1.96 1.60 1.Ba
20-14 13 14 17.01 121 1.44 1.58 1.80
20-1% 14 15 18.12 121 1.42 1.55 1.76
2016 15 16 19.23 120« 1.40 1.53 1.73
2017 1€ 1? 2024 119, 1.39 1.51 1.70
2018 V7 18 21.44 119« 1.38 1.49 1.67
2019 18 19 22.54 118 .37 1.48 1.85
20-20 19 20 2363 198 1.3% 1.46 1.63

FIGURE 19. 20 Percent Consumer’s Risk {B8) Test Plans.
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TEST PLAN

TECHNICAL LIBRARY

0% CONSUMER'S RISK (F) TEST PLANS

mrsrF (xieh ! ]
1
IO [
]
X EXAMPLE!
l TEST PLAN
g —h 30-6
. ACCEPT AT
\ TEST TIME
t 100
‘ rq—
6 ¢
' {
A
R’ \ UPPER
a . I l TEST
K " MTEF {8()
\ FOR
ACCEPTAG. € T PRODUCER'S
3?3?%59 \\L\h I"._! RISK oF
—7z MR W . — 10%: a
- T TS S rim =l oo
}gr-fgq TEST ]] il f; i -1 .f':?: ?f:f'_l —! ~30% :.
MIEF 8 2 A4 &5 6 B 8 1011213143 16 T i9zg | °
L it NN R B
0 p 8 12 16 20 24
TOTAL TEST VIME ( IN MULTIPLES OF LOWER TEST MTBF, §, )
NUMBER OF FAILURES  TOTALTESTTIME(T)  ACCEPTABLE §  DISCRIMINATION RATIO, (fof6) FOR

{MULTIPLES OF MULTIPLES PRODUCER'S RISK
NUMBERS ACCEPTED  REJECTED LR ¢ 4.} a g 20 @ «20% a = 10%
30.1 [ 1 120 1.20 « 31.37 5 3% 1143
0.2 1 2 2.44 1.22 « 2.22 296 4459
36-3 2 k) 362 1,20 + 1.8% 23 128
0.4 3 4 476 1.19 + V.72 207 2.73
20.5 L] 5 589 1.8 » 1,62 19 243
30-6 5 [ 100 117« 1.9% .75 222
30.7 ] 7 84 116+ 150 i 108
ing 7 8 9N 115« 146 165 198
30.9 ] 9 1030 1.14 . v 4] V&0 158
010 9 10 14.39 1.14 1.80 156 1.83
W1 10 " 12.47 113« 1.38 1.53 1.78
3032 n 12 12.55 113« 1.36 150 1.73
30-13 12 1] (L EY .92+ 1.24 1.48 1.69
3012 12 14 15.69 112« 1.13 145 1.66
30-15 T 15 16 76 112+ 1.3 143 163
30186 15 16 17 81 1.1 1.20 1.42 160
30.17 £ 17 1890 1.1+ 1.29 V.40 1.58
3018 ¥? 18 19 9% AR 1.28 1133 156
30-19 18 19 2V 02 e 1.27 128 154
30-20 5 2 2208 110« .27 1.36 152

FIGURE 20. 30 Percent Consumer’s Rish {£)
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CONFIDENCT,

UPPER LIMIT

=

MULTITLIER!

LOWER LIMIT

r-

L}

=

Wnm G S DOOD

.00

.00

.00

.90

.80
.70

.60

[l
U

.40

~n)
[}

FIGURE 21. Demonstrated MTBF confidence limit multipliers, for failure calculation.

TECHNICAL LIBRARY

TOTAL NUMBER OF FAILURES
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UPPER LYMIT
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LOWER LIMIT

TECHNICAL LIBRARY

MilL-HDBK-781%

CONFIDENCE
0o  LIMITS
. %% ‘ 90%
00
100 —NC
o0
NN

~
.00 ~~ ~

\h.. [
\ e T r-\-""‘
T~ SR g

} CONF IDENCE BR!

! INTERVALS 80160140
-9 | :
80 — ' i1 ——
70 e
.60 s

\ 702 /. / et

.50 —
-413 / .,/

il
.30

_~" 907
.20

1 2 3 4 5 6 7 B910

TOTAL NUMBER OF FAILURES

EIGURE 22. Damenstrated MTBF limit multipliers, for time calculation
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TECHNICAL LIBRARY

MIL-HDBK-781

Stondard fized-guration tesf pian
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PROBANILITY OF ACCEPTANCE

TECHNICAL LIBRARY

MIL-MUDR-/0}

1.00
/ a = 10 percent
i / 8 = 10 percent
L d = 151
.80 ]
r /
.60 t
.40 ,’ .
g /
.20 ’
Ga i 1 1 i
,00 .50 1.00 1.50 2.00 2.50 3.00 A
.00 75 "1.50 2.25 3.00 .75 a.50 ¥

TRUE MTBF EXPRESSED AS MULTIPLE OF 90.01

FIGURE 23 TestPlan IX-D (Continued)
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EXPECTED TEST DURATION {IN MULTIPLES OF LOWER TEST MTBF}

TECHNICAL LIBRARY

MIL-HDBK-781

/\ standard fixed—duration test plan
wDQL [ \ ‘1/ .

™~ Standord fized- duration test plon

with sarly rejeciion

25.00
20.00 /
15.00 I
10.00 % ~—— Early - occept test plan

5.00 \

o e Py e - - "

' "
b et . e . ' ’ ’ 3 —r - -y Se—
N = L v H

o
[+
o

0.00 1.00 2.00 3.00 400
TRUE MTBF {IN MULTIPLES OF LOWER TEST MTBF)

PROGRAM MANAGER'S ASSESSMENT

FIGURE 24. Test Plan X-D.
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PROBABILITY OF ACCEPTANCE

TECHNICAL LIBRARY

MIL-HUBK-781

0C CURVE
1.00
/ a = 10 percent
L p = 20 percent
/ d =1.5:1
g0 /.I -
o /
oW I
.40 I/
/
/I
/ | ,
Uo . 1 i i 1 -
00 .50 1.00 1.50 2.00 2.50 1.00 00
oo 75 1.80 2.25 3.00 3.75 4.50 8,

TRUE MTBF EXPRESSED AS MULTIPLE OF Cne Pl

FIGURE 24. Test Plan X=D. (Continued)
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EXPECTED TEST DURAYION (IN MULT'PLES OF LOWER TEST MTBF)

20000

18.00

14,00

14 00

12.00

RN »w%»hqu-%m%r

TECHNICAL LIBRARY
MIL-HOBK-78

~Stondord foeu - Juration feést plan

" ~-Siondard fued—durotion test plon
/ with ecorly rejection

10.00 ! \
By \
' } [’ Il \'——-Eur!y—nccem test plan

1]

oo d ||
11/
%/

a.aa? e —— e +

TRUEL MTBF (IN MULTIPLES OF LOWER TEST MTBF)
PROGRAM MANAGER'S ASSESSMENT

FIGURE 25. Test Plan X!-D.
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PROBABILYITY OF ACCFPTANCE

TECHNICAL LIBRARY

Mit-MUBR-70)

TRUE MTBF EXPRESSED AS MULTIPLE OF 8. 9

FIGURE 25. Test Plan Xi-D (Continued)
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TECHNICAL LIBRARY

rarar |
:

/Early-uccepr test plan

“Standord fixed—duration test plan

N
\
\

[

/”"f/l]ll Ar
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3 8 8 8 3 o g 8 3 e
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400 500 6.00

. 3.00
TRUE MTEF (IN MULTIPLES OF LOWER TEST MTBF)

FIGURE 26. Test Plan XI1-D.
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PRODARILITY OF ACCEPTANCE

TECHNICAL LIBRARY

MIL-HDBK-781

FIGURE 26. TestPlan X1i-D (Continued)
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TRUE MTBF EXPRESSED AS MULTIPLE OF 90. 91
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EXPECTED TEST DURATION (IN MJ.TIPLES OF LOWER TEST MTBF)
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TECHNICAL LIBRARY
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1.00Q 2.00 300 4.00 500
TRUE MTBF {IN MULTIPLES OF LOWER TEST MTBF )
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FIGURE 27 Test Plan XII-O
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TECHNICAL LIBRARY

MIL-HDBK-781

0C CURVE
1.00
a = 10 percent

g / A = 20 percent

! // d =2.0:1
L80 r— /‘
.60 /

/ |

-
.40 {

)
.20
.00 14{_ A 1 . :

.00 .50 1.00 1.50 2.00 Z.50 3.0 8,

.00 1.00 2.00 .00 4.00 5.00 6.00 91

TRUE MTBF EXPRESSED AS MULTIPLE OF io. Gl

FIGURE 27. Test Pian Xiii-D {Continued)
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R TEST MTBF

EXPECTED TEST DURATION (IN MULTIPLES OF LOWE

s

”s

TECHNICAL LIBRARY

MIL-HDBK-781

Star33ta faeg-auraron tes' pio
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€.00 T

400
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f\/ \Smnauru fized - Juration lest piar
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FIGURE 28 Test Plan XiV-D,
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PRODABILITY NDF ACCEPTANCE

TECHNICAL LIBRARY

MIL-HDUBK-/781

.00

.40

.20

.00

0C CURVE
a = 20 percent
I g = 20 percent
d = 2.0:1
/|
r /
/A
|
i
" 1. |
| L ! i j S H :
0o =1 1.00 1.50 2.00 2.50 3.00 G
.00 1.00 2.00 3.00 4.00 5.0C £.00 01

7aut MTBF £YPRESSED AS MULTIPLE OF B85, 6,

FIGURE 2B. Test Plan X!V-D. {Continued)
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EXPECTED TEST DURATION (IN MULTIPLES OF LLOWER TEST MTBF)

TECHNICAL LIBRARY

MIL-HDBK-781

/Siundord fred—duration lesl pian
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TECHNICAL LIBRARY

MiIL-HDBK-78?

OC CURVE
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FIGURE 37. All-equipment test plan derived from Test Plan i-D.
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FIGURE 39 All-eauioment test plan derived from Test Plan 1ii-D.
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ATTACK AIRCRAFT
Altitude (1000 t1) G-2 2 2 2 20
Low-Low-Low Miach No. (M) . 0.4 0.e8 0.4 0.4
Durauon {mn } 2 60 8 67 3
Altitude {1000 f} 0-32 32 32.0
Ferry Mach No. (M) 0.6 0.89 0.4
Duration {min.} 10 28S 10
ANT)-SUBMARINE WARFARE AIRCRAFT
Altitude (1000 f1} 0-40 40 40 40 40-0
Seek & Attack Mach No. {M) 0.6 0.6 0.65 0.6 0.4
Duration {mn.} 15 &0 265 55 20
Altitude 11000 f1) 0-1 1 1-0
Surface surveilllance Mach No. (M) 0.6 0.25 0.d
Duration {min.) 5 a48 7
Altitude (1000 1) 0-38 38 38-0
Ferry Mach Na. (M} 0.6 0.6 0.4
Duration (min.) 14 565 21
ELECTRONIC COUNTERMEASURES AIRTRAFT
Altitude (1000 1) 0-35 35 35-0
Ferry Mach No. (M} 0.6 0.7 0.4
Dvuration {min.} 13 242 20

FIGUHRE 37 General misston prothe and <

hafaiiEnsug

forsix arreratiy

pac and twelve missions
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Characteristics

FIGHTER AIRCRAFT

Altitude (1000 ft) 0-1 i
Mach No. (M) 0.7 0.5
Duration {min.} 2 68
Altitude (1000 1) 0-35

Mach No. (M) 0.7
Duration {mn.} 12

RECONNAISSANCE AIRCRAFT

Altitude (1000 f1) 0-1 1
Mach No. (M) 0.7 0.49
Duration (min,} 2 63
Altitude (1000 f1) 0-38

Mach Na. (M} 0.7

Duration (min.) 13

TANKER AIRCRAFT

Altitude (1000 f1) 0-5 5
Mach No. (M) 0.6 0.44
Duration {min.} 4 40
Alutude (1000 f1) 0-15 15
Mach No. {\M) 0.6 0.58
Duration (min.} 0.7 24

Phase
{1}

0.7

35
0.7
233

0.69
10

38
0.74
244

0.44
60

15
0.47
58

v

0.5
72

0.49
67

0.44
37

15
0.58
19

1-0
0.5

35-0
0.5
17

O -

38-0
0.5
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5-0
0.4

15-0
0.4
11

FIGURE §7. General mission profile and characteristics for six aircraft types and twelve missions (Cominued)
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ATTACK AIRCRAFT
Close Altitude {1000 &) ©-32 32 32.5 5 5 N/a 5-40 a0 40-0
Support tach No. (M) 0607 0.68 0an 0.73 0.837 N/A 0.70 0.68 0.4C
Duration (mun} S 62 A1 7 N/A 4 63 17
Ahtitude (1000 ft) 0-32 32 32-1 1 N/A N/A 1-40 40 40-0
High-Low-High Mach No. (M) 0.6¢ 068 085 084 N/A NA 070 068 G40
Duration (min.} 5 55 4 5 NIA N/A 5 51 18
ANTI-SUBMARINE AIRCRAFT
invesugation Altitude (1000 f1) 0-38 38 3805 05 N/A N/A  0.5-40 40 40-0
and Attack Mach No. (M) 0.6 0.6 0.4 0.25 N/A N/A Q.7 0.6 0.4
Duration {(min.) 6 155 9 120 N/A N/A s 140 10
Contact Altitude (1000 ft) 0-20 20 201 1 N/A N/A 1-40 40 40-0
Investigation Mach No. (M) 0.6 0.7 0.4 0a N/A N/A 0.7 0.6 0.4
and Intermed:iale Duration (min.) 4 86 6 21 N/A N/A S 108 10
Altitude {1000 f1) 0-38 36 361 1 N/A N/A 1-40 40 40-0
Mine Mach No.{M) 0.6 0.6 0.4 0.6 N/A N/A 0.7 0.7 0.4
Laying Duration {min.) 6 140 9 20 N/A  N/A 5 127 8

FIGURE 58 General mission proftle and characieristics for six aircraft types and twelve missions
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FIGURE 58 General mission profile and characieristics for six aircraft types and twelve muunions (Conunued)
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Characteristics Phase
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ELECTRONIC COUNTERMEASURES AIRCRAFT

Altitude (1000 1) 0-34 34 341 1 1 1 1-36
tMach No. (M) 0.6 0.57 085 050 080 050 0.70
Duraucn{min.) 10 32 5 29 5 29 8

Alutude (1000 1) 0-33 33 33-30 30 N/A N/A  30-35
Mach No. (M) 060 0.70 0.60 067 NaA N/A 0.70
Duration (min.) 10 42 1 4% N/A N/A 1

Altitude (1000 f1) 0-35 35 35-10 10 N/A N/A 10-40

Mach No. (M) 0.7 0.7 09 1.0 NIA N/A 0.8
Duration {min,) 8 87 3 7 N/A N/A 7
Altitude (1000 f1} 0-30 30 30-1 1 1 1 1-42
Mach No. (M) 0.7 0.7 0.85 0.8 0.85 0.85 0.85
Duratian (min.} 7 57 5 11 7 g 6
Alttude (100011} 0-30 30 35 5 N/ N/IA 5-40
Mach No. (M) 0.7 0.7 0.BS5 0.42 N/A N/A 0.85
Duration (min.) 7 69 3 59 N/A N/A 4

RECONNAISSANCE AIRCRAFT

Alutude (1000 f1) 0-33 33 33-% 1 N/A  N/A 1-40
Mach No. (M) 07 075 089 07 NA NA 09
Duration {min) 8 75 3 17 NA NIA 9

TANKER AIRCRAFT
Altitude (1000 f1} 0-35 35 355 5 N/A NA - 5-40

Mach No. (M) 0.6 0.7 0.4 0.65 N/A N/A 0.7
Duration {min.) 12 40 9 61 N/A N/A 7
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TIME (MINUTES)
Mission Type Characteristics Phase
! 1] mn v A" Vi Vil
ATTACK AIRCRAFT
Altitude (1000 f1} 0-28 28 N/A N/A 28-43 a3 43-0
High-High-High Mach No. (M) 0.6 0.75 N/A N/A 0.7 0.8 0.4
Duravon{min.) 8 60 N/A N/A 4 56 28
ANTI-SUBMARINE WARFARE AIRCRAFT
Altitude (1000 f1) 0-38 38 N/A, N/A 38-40 40 40-0
High-High-High Mach No. {M) 0.6 0.6 N/A N/A 0.7 0.6 0.4
Durauon{min.) 15 105 N/A N/A 6 104 15
FIGHTER AIRCRAFT
Altitude {1000 ft} 0-35 3s 35 N/A 35-40 40 40-0
High-High-High Mach No. (M) 0.7 0.7 0.9 N/A 0.8 0.7 0.5
Duration (min.) 7 46 S N/A 1 43 13
Altitude (1000 1) 0-35 35 35 35 35-40 40 40-0
Air Defense/ Mach No. [M) 0.7 0.7 0.67 1.3% 08 0.7 0.5
Capture Duration {min.}) 7 16 60 4 1 19 12
Altitude (1000 A1) ©0-2 2 2 N/A 2-35 35 35-0
Low-Low-High  Mach No.(M) 0.7 0.5 09 N/A 0.7 0.5
Duration {min.) 1 69 5 N/A S 57 15

FIGURE 59. General mission profile and characteristics for four airceaft types and seven missions.
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Mission Type Characteritics Phase
| ] m 1A% v Vi Vil

RECONNAISANCE AIRCRAFT

Altitude (1000 f1) 0.2 2 Z NIA 2-40 40 40-0
Low-Low-High Mach No. (M) 0.7 0.75% 09 N/A 0.9 0.75 0.5
Duration {min.) 1 52 10 N/A, 7 60 13
Atutude (1000 A1) 0-35 35 35 N/A 35-40 40 40-0
High-subsoni¢ Mach No. (M) c.7 0.85% 0.9 NIA 0.85 0.5
Duration (min.} 7 58 16 N/A 2 64 13

FIGURE 59. General mission profile and charactenstics for four aircratt types and seven mussions {Continued)
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FIGURE 61. General mission profile and charactefistics for 3 fighter aircraft on an intercept mission.
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FIGURE 62. General mission prafile and characteristics for a reconnaissance aircrafy on a high-supersonic

missicn
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FIGURE 63. Mission profile for temperature rate of chance calculavon
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FIGURE 64 Dynamic pressure (g) as function of Mach number and altitude.
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FIGURE 67. Mission profile (example).
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r 4L
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CLUSTER MOUNT Lo
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,/ .:’/
Id
:/ /
rd
' .y
SC 3 F - s
:— & —T YA
s 2. —1 NOTE WUSE THIS FIGURE "/AS:
L w3 IN CONJUNCTION pd%vd SINGLE STORE  []
L gz ]  wTn7ABLE 48 NAL “\_CONFIGURATION ]
o3 |
. <o ! o'« ! [
! A A I
| oy N MULTIPLE - USE
z . COMBINED ALL
i /./,V/ N STORES
BASELINE
i.3 Grms (OVL) A \:f—__*_
ig®
9 d 1
: 17 =
1 T 1 1
s MINIMUM OVERALL Grms
sb————  FOR MaCHND € D45
. q {MIN} £ {SEE TABLE 48)
3
2}
q, DYNAMIC PRESSURE
(e /7 112)
10°" !
fo X z 3 4 5 & T8F|02 2 3T & 2z g TeYnt 2 3 4 B & THEOHNY
LINE EQUATIONS
{(EX7)
grms (oviL) = 10 5" (FacTOR) (FACTOR);~- SEE TABLE 48

[exr]

[L0G 5la), - (2.285332)] q(MIN) < q & g(Max)

FIGURE 132 Random vibralion manmum predicied envirgnment for combined air-launched weapons

and assembled external stores
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3
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v . MULTIPLE -USE
z 7 COMBINED ALt
// AN STORES
1.3 9rms (DVL) 4
D 1
10 .
.
7
& sinN OYERALYL Qrms
s FOR MACH NO. £ 0.45
- g {MIN) £ {SEE TABLE 48}
3
* |
qQ, DYNAMIC PRESSURE I
(o /113) ’l
10°!
o' 3 T & 8 eTvBOIN? ? 3 4 5 & 7090? 2 3 & % 6 Tewp*
LINE EQUATIONS:
fPwel o
arms (ovL) = 10 EX%) (racTOR) | (FACTOR}; -~ SEE TABLE 48

[exF) = {LOG,5la); - (2.285332]7 q(MIN) < q < q{MAX]

NOTE. THIS FIGURE USED IN CONJUNCTION WITH TABLE 48

FIGURE 133 Random vibration maximum predicied environment for ar-to-surface (AGM) arr-launched
weapens
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% FOR MACH ND £ 045
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2
g, DYNAMIC PRESSURE
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10! ] 3 4 3 s Tvewp2 2 3 4 3 & TR0 x 3 & & & v7E w0
LINE EQUATIONS:
. (v (EXP] .-
grms {OVL) 5 (30 HFACTOR) {FACTOR);~- SEE TABLE 48

fexP) = [LOG,,(a}; - (2.285332]) q(MIN) S o S q(MAX)

NOTE. THIS FIGURE USED IN CONJUNCTION WITH TABLE 48,

FIGURE 134, Random vibration maximum predicted environment for air-to-air {AAM) air-launched

weaponrs
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(a) WING AND FIN-TIP LOCATIONS ORKLY ON AJRCRAFT

N
Grms (OVL) = E A; = 1.3 (CONSTANT) q=sq{min) (See TABLE 48 )
Mach=s0.45
im1
— fy=SHz
Wy = (1.69) Wp (SEE TABLE 49) (See NOTE)
w, ’. ~ fo = 2000 H2
§ a : - 3d8 PER OCTAVE 20=1; 5100 Mz
= £
= ™ i
= 2 A, |
- O
o ) 1, = 3rd rigid body wing-
< | pylon-store frequency
I {Hz2), otherwise,
f; (miny= 20Hz H2z, 1,
1, t s {max) s 100 H;2
~ FREQUENCY (Hz)
NOTE:

USE WITH EQUIPMENT REQUIREMENTS FROM FIGURE 136 AS WELL AS WITH FULLY ASSEMBLED EXTERNAL STORE.

{o) ALLPYLON LOCATIONS ON AIRCRAFT

N
Qrm; (OVL) = ; A; = 1.3 ({CONSTANT)
/ f, =20 Hz
tad f, = {Calculated from {4
(SEE FIGURES 132 THROUGH 134) and W values)
3 = {Calculate according to table
wo 514.3-VI, Method 514.3, MIL-
Ade PER OCTAVE ) STD-B10D.
= | f°-2000 Hz (if f321200 Hz,
S = | otherwise, fy = 13 + 100 Hz)
5 Z 1 Wo = 1gms (OVLI? Wo
§ 5w ! \ W, # [gyms (OVL)]Z W,
oo e | b (See TABLE 49)
'] A;
=< ] |
A, i l
| 1
| 1
gz . .
t L5 t 1s
FREQUENCY (H1)
NOTE; R
USE FOR ALL DYNAMIC PRESSURES (q) AT ALL LOCATIONS, EXCEPT AS LIMITED BY {a) ABOVE.
MINIMUM g, m, (OVL) = 1.3 (SEE TABLE 48) {

FIGURE 135. Assembled external stores and air-launched weapons—vibrational response
acceleration PSD versus frequency spectra.
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g"‘“ (OVL) -

{SEE FIGURES 132 THROUGH 134)

— 3dB PER OCTAVE
W, F_
340 PER OCTAVE I
1
i
— l
£ !
-ﬂ’l W, — —— I
g

o A I A, | A, A,
4 ' I !
| |
| |
] |
. M ]

1, f; f, t, fo

FREQUENCY (M1}

f1 =20 M2
1; m {Calculate from {3 and Wq values)

f3 = (Calculate according 1o TABLE 514.3-v1.
Method 514.3, MIL-STD-810)

fymfze WDOHZ{sT,)

fo = 2000 Hz

Wy = !9.'!!!5 {ov? we

Wy = [g;ms (OVL? W,
{SEE TABLE 49)

NOTE; )
Use in conjunction with the limits shown in FIGURE 135 {a). For qsq(min) (see TABLE 48) and Mach
=0.45, minimum g, m (OVL}= 1.3

FIGURE 136. Equipment installed in assembled external stores and air-launched weapons—vibrational
response acceleration PSD versus frequency spectra.
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IEOYTAERDHRALL COM

N
20 -
. im?d
i
|
10 -
3 '
™, i fimSHz
B ) M, .
o ;! f; = First rigid body wing-pylon-store frequency [HI)
b I otherwise, fysf; <1,
0.1 i 13 20 Hz
. Ay
i
Ay gy
botfrm et e
|
!
1
Y f; fj

FREQUENCY {Hz)

Test duration = 6{X) seconds {minimum total
time for each mission profile = 18 seconds
where:

X=  Number of but{et maneuvers {(minimum of 3,
phased during mission profile). Maneuver
conditions inducing butfet include (but are
not limited to}: hi} -g dive attack, tight turns,
RPO, and high and low speed stalls.

6= Average induced buf{et duration, in secands.

OTEs:
1. This spectrum will be superimposed on the applicable acceleration PSD spectra of FIGURES 135
and 136, according to the mission profile definition of fiight phasing.
2, Weight reduction factor not applicable for this spectrum.
3. See TABLE 49 for Equations to solve for M, M;, Ay and A;.

FIGURE 137. Induced buffet maneuver random vibration response spectrum
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pord ﬁ NOTE: TEST CYCLE
i FIGURE 13|
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OPERATE , —
oFr | ELECTRICAL [] _ _
Do T T ¥ 1
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o 1 2 o 3 4 5
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r ob
x 160 1 1320¢ T°
W ) COMPARTMENT
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#8640
- 1
a:'“w-'« 718C
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225 NUMBER 2 TEMPERATURE CHANGE,
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U W
z55
T
et -20 4 — -
| 0 i 2 3 4 5
'§ TIME-MINUTES
301 S | MINUTE, @
ouw 30 SECONDS =)
o
« 2.0 + b
Se n g MISSION
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z ' O 4 u AT 3 MINUTES
O
@
0 —t { T T -
0 } 2 3 4 5
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- 15 1 g
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g g S
=3 - ] w @
= ©
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FIGURE 138 Low-low free-flight mission profile (example)
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FIGURE 141. European scenario assumed maintenance schedule and possible operational

= &

utilization rate for environmental analyses {example).
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ACCELERATION PSD (g2/iz)

CELERATION PSD {g2/H2)

.
-
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TECHNICAL LIBRARY

WHL-PUDBRA-/701

A ASSEMBLED STORE AND ON-BOARD EQUIPMENT

Woirs sty ® WolG@md OVLR2 vibration factor

(No weight reduction facto1) For: Q=250 lbMt2 Mach=<0.45
25.3x10-4 Wing and fin tip installations only

L T

Yo
)
;\ - 3dB/OCTAVE
I /_
i
i REFERENCE: TABLE AR

grmg(OVL) =1.0 |
1
5 100 2000

FREQUENCY (HZ)

B. ASSEMBLED STORE HIGH SPEED

Wortesm 'Wotg.m(OVLP vibration factor

_ . [ TY S, vy I P OVLY? vibration factor
(HO welght reduction factor} "1"!57] uu1\g,m'{vul) wTaus bl de]

- 3dB/OCTAVE —
= \ 27.3 2104
LS
N0
' = -
8.192 x 10-4 ' ROTE: o
W, — 1 Far use on all instaliations, 2!!
i $ q, except for g= 250 b2 Mach =
) 1 .45, as limited by FIGURE 135 (a).
| g!MS(OVL' -9 .0 l
| |
) |
i i
20 150 seo eoe

FREQUENCY {Hz)

frequencies shouid be determined by Method 514.3 of MiL-STD -B10, as applicable.

FIGURE 129 Unit-g, . {0OVL)-acceleration PDS versus Trequency spectra
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SEREOTTARROS PACE S0

C. ON-BOARD EQUIPMENT HIGH SPEED

See FIGURE 135 {A) for wing and fin tip installation, wy, TEsn -\,-v, {grms (OVL))? vibration tactor

ctherwise, use 24 2!l dynamic pretsures, q.

WorresT) » Wo (gyms (OVL))2 vibratian factor

o (~o weight reduction fadod For; qaZS‘J iby ﬁ,.. Mach >=0.4%
Y 5,89 x 10-4
w, — _
= ° 2R/ _— gl
z sOCTAVE—) ] TN £ - 3d8 IOCTAVE
I i .
8 Y N
g w, ___( " Grms (OVLY = 1.0 ; ]
g i | t I
| 1 ' \
| A 1 i1
20 150 500 1500 2004
FREQUENCY {Hz)
D, BUFFET-ASSEMRLED STORES AND ON-BOARD EQUIPMENT.
{Selected occurrences by maneuvers of mission)
2.6 —
/ K
o\
1.0 I ; \ Time of application of spectrum :€ seconds, per
= i : 1 SICurTEn<e, minimum 3 Goeurrences por mission.
z I3\
:ﬂ; M|I . \ .
s | /1 \™
g [ \ t; =S Hz
01| 1 \ f; = First rigid body wing-pylon-store frequency (Hz)
A\ otherwise, fy <t <f;
i
/l Ay l \\ f2m 20Hz
% \
N L R V. |
1
i
0.001 |
f, ‘2 ’J
FREQUENCY (Hz)
NOTES
1. This spectrum will be superimposed on the applicabie acceieration PSD spectra af FIGURES 135 |
and 136, according to the mission profile definition of flight phasing of butfet. ”
2. Weightreduciion factor not applicable for this spactrum,
3. See TABLE 4% for equations to solve for My, M,, A, and A;. l

FIGURE 149 Unit-gams {OVL)-acceleration PSD versus frequency specira {continued)
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VIBRATION PROFILE
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FIGURE 150 Vibration profiles for rail transportation
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00 2(0ic
0030c¢
0040r
00ss
G060
Q070
8080¢
0090¢
0100¢
0110
0120 5000
0130 -

M40
0150 5010
0330c¢
0340
0350
0360 5050
0370
038D 5060
0390
0400

0410 5070
0420

WA

0425¢
0430
0440
0445 5040
0450
Q460 110
0470c
0480c¢
0490c¢
0300¢
0510c
0520¢
0530
0540
0550

TECHNICAL LIBRARY

Approximately optimum Rel.ahility bounds

L, ¥4, 1800, ¥ 3, 384N, AN&% L

& z4(20}, tk, sum, sum2, sum3, sumd, sums,
integer k, nf(20), n,1

read m3, v3, m2,v2, m1, v1, s(20), ¢(20}, tm, {20),22(20), 23(20),
r

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 smatlest totat time on test.”)
do10i=1k
print 5050,
format(2x, “Enter data for subsystem™ 14}
print 5060

format (2x, “Enter this subsystem’s tatal time on test.”)
read (5,6060) z{i)
print 5070

format (2x,”Enter this subsystem’s number of failures.”)

reasdiC ENENY AfiA
TEGU S, Ouuv) Ty

if (nf{i) .gt 0)go1o 10
print 5040
format (2x,"2erp f2ilures: analysis impossible *)

goto 105
continue

Second pan:
Calculationof M and V.

Preliminaries:
Da20i=1k

z21(i) = 1.072())
z2(i) = 1.0/z(i)" z{i))

FIGURE 152. Program listing for FORTRAN program.
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0560
0570
0580
0590¢
0600¢c
0610cc
0620
0630cc
DEAl.
0650¢
0660c
0670
0680
0550

000

-

0710c¢
0720
0730

aA740

W

6750

TECHNICAL LIBRARY

BRTTARRPEPRACE TOM

23(iy=1.0/z (i)**3)
24ii) = 1.0/z[i}*~4
20 continue

Do 30i-1.k

print 5080,2(i),z1(i}, 22(i),23(i). z4&{i)
S080 format (2x.112.3,2x41{112.9,2x))
30 continue

More than one failure/subsysiem

sumi=00
swum2=0.0
cum4 =00

DodGi=1,%
n = nf{i}-1
tuml = sumi + in*zi{il}

sumz =n"z2(i) +sum

FIGURE 152. Proaram listing for FORTRAN proaram - Continued.
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076
077¢
0790 4l
0795¢ce
0800 5090
OB6O¢
0870«
0880c
0890
o300
0910¢c
0920 6000
0930c
0940«¢
0950«
0960
0970
0972¢:
0974 6005
0980r
0990¢
1000
1010
1020
103C
1040 50
1050
1060
1070
1080
1090
1100 60
1110
1120
1125¢c

TECHNICAL LIBRARY

ABERTT AERT

sum3 =n"z3(ij + sum-
sumd = n*24(1} + sum/

continue

print 5090 sumt, sun2, sum3, sumd
format{4 {f10.6,2x))

Original paper {1977)

ml=suml + sum3/ssum2
v] = sum2 + sumdfsum?
print 6000,m 1 v1
format(2x,"M1 = = 110.7.3x.°V1 = 110.7}

Modified version {1974)

m2=suml+ 211}
v2=sum2 +22(1)
prin1 6005, m2, v2
format(2x, "M2=",1107, 3x, "V2 =" 110.7)

The Case of Only One Failure:

Tk = 0.0

DoS0i=1k
tk = tk + nf(i)

continue

tk = tkfloat (k)
do60i=1k
n=nf{i)+ 1
s{i) = (2(i)-20 1) (tk**n)
s(i} = z(i)-s(i)

continue

do?70i=1%k

el =nf Yy o M2V LS [INY" )
(V=i (LA L U 7 PR |

W

print 601°,i sli), i, cli)

FIGURE 153. Program listing for FORTRAN program.
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1130 70
1140 6010
1150¢
1160

1170

1180

11990

1200

1210

1220

1230

124

1250

1260

1270

1290 80
1295¢¢
1300 €020
1310¢
1320

1330
1332¢c
1332 £025
1340¢
1350¢

TECHNICAL LIBRARY

continue
format (2x, "s(",i3,") = *.10.5.2x,°c(",i3," = *, 110.5)

sumi=0.0
sum2=0.0
sum3=0.0
sumid =00
sumS=0.0
doB0i=1k
n = nf(i)-1
sum i = rvs{ij « sum i
sum2 = /sl odid} + sum2
sum3 = sum3rlcliy(s(i}* z(i)*z(i)}))
sum4 = sumd + {c(A{s(i)* *2)*(2(i)* *2N)
sumS = sum5 + (c(iM(z(i)**2))
continue
print 6020, sum i sum2, sum3, sumd, sumSs
format (2%, 5(610.7 3x))

m3=suml +sum3/sumd
v3 = sum2 + sumissums
print 8025,mM3,v3
format (22 ~M3 = ~ 110.3.2x ~VI =~ 110 7)

Calculation of bounds

FIGURE 153. Program listina for FORTRAN program - Continued.
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1360¢

1370 500 continue

1375 print 6037

1280 print 8030

1390 6030 format {2x,"Enter confidence leve) percentile.”)
1400 read (5,6060)p

1410 pring 6035

1420 6035 format (2x,"Enter mission time."}

1430 read (5,6060)tm

1432 print £037

1434 print 6037

1435 print 6032, tm

1436 &032 format (2x,"Mission Time:“,£10.5)

1437 print 6036,p

1438 6036 format (bx, " Percentile:”, 10.5)

1439 print 6037

1436 6037 format {3x)

1440 call result (mi vl tmp r)

1445¢ print 6000, m1,vi

1450¢ print 6040, r

1460 call result (m2.v2, tm, p,r)

1465 print 6005, m2, v2

147 print §040, 1

1473 print 6037

1480c¢ call result {m3, v3,1m, p,r)

1485¢ pnnt 6025,m3 v3

1490¢ prnt 6040,r

1495 print 6037

1500 6040 format {2x,"Rehability Bound s : 7,110.8)
1510 print 6050

1520 6050 format (2x, " Reliability Bound is: ", #10.6)
1510 print 6050

1520 6050 format {2x, "If another confidence level ar mission time, give 1.7)
1530 read (5,6060)1

1532 print 6037

1540 if{1.eq.1) go 10500

1545 6060 format {v)

1550 105 continue

FIGURE 154. Program listing for FORTRAN program.
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1560 stop

1570 end

1590¢

1550 subroutine result {m v,tm,p,r)
1600 realm, v, tm,p.f

1610¢

1620 r = p*(sqrt(v})/{3.0"m}
1630 r=i.0-{vi(9.0°m*mjj +r
iedd r=r""3

18580 t=tm*m*r

1655 r = exp(r}

1660 return

1670 end

FIGURE 154. Program listing for FORTRAN program - Continued.
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