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

4. The testing of equipment procured for new military systems is an increasingly complex
process Test methods, test plans, and test environments must be seiected wh]ch will ensure that
contractually required reliability levels are attained in the field and early defect failures are
removed prior to field deployment NIIL-HDBK-781 provides 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

5, The handbook sections on reliabilityy test methods and test plans present methods tor
grownh momtonng. environmental stress screening, mean-time-between-failure assurance testing.
sequential tests, fixed-duration tests, and aH-equipment tests. including a durabilitvjeconomic Life
‘rest The sections on test environmental profiles provide typical test environments for fixed-
t.wwnd equipment, mchi!c ground \chiclc, shipboard, jet aircrafl, turbop~up ad INJJGopieI,andd
missiles and assembied external stores equipment The references provided will expand the user’s
knowledge and aid in the design and implementation of reliability test programs through more
detailed data

6. Beneficial comments (recommendations, additions, deletions) and any pertinent data
which may be of use in improving this document should be addressed to Commander. Space and
Navai Warfare Systems Command, ATTN: SPAWAR 052-2, 2451 C~stal Drive, Arlington, VA
~~~ds-~z~o, b~~usingthese]f-addressed Standardization Document Improvement proposal (DD
Form 1426) appearing at the end of this document or by letter.
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1. SCOPE

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

1.2 &@@&. This handbook explains techniques for use in reliability tests
pefiormed during integrated test programs. Procedures, plans, and environments which can be
used in Reliability DevelopmentiGrowth Tests (RD/GT), Reliability Qualification Tests (RQT),
Production Reliability Acceptance Tests (PWIT). Environmental Stress Screening (ESS)
methods, and Durability/Economic Life Test are provided.

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

1.3 ~. When referencing the test methods, test plans, and
environmental test conditions, the source is to be cited.

1.4 ~
$

. The methods in this handbook are applicable to six broad
categories of equipment, distinguished according to each equipment’s field service application:

Category 1. Fixed-ground equipment

Category 2. Mobile ground equipment
A.
B.
c.
D.

Wheeled vehicle
Tracked vehicle
Shelter configuration
Manpack

Categw-y 3. Shipboard equipment
A. Naval surface crti
B. Naval submarine
C. Marine crafi
D. Underwater vehicle

Category 4. Equipment for jet aircraft
A. Fixed-wing
B. Vertical and Short Takeoff and Ianding (V/STOl.’)

Categor) 5. Turboprop aircraft and helicopter equipmen~
A. Turboprop
El. Helicopter



MIL-HDBK-781

Category 6. Missiles and assembled external stores
A. Air-launched missiles
B. Assembled external stores
C. Ground-1aunched missiles
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3. DEFINITIONS

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

3.1.1 ~
●

. The actions performed, as a result of failure, to
restore an item to a specified condition.

3.1.2 ~. Decision risks should be as specified in 3.1.2.1 through 3.1.2.3.

3.1.2.1 ~S_ 9* . Consumer’s risk (~) is the probability of accepting
equipment with a true mean-time-between-failures (MTBF) equal to the lower test MTBF (el).
The probability of accepting equipment with a true MTBF less than the lower test MTBF (f31)
will be less than (~).

3.1.2.2 J%o~ 1“ . Producer’s risk (a) is the probability of rejecting equipment
which has a true MTBF equal to the upper test MTBF (8.). The probability of rejecting
equipment with a true MTBF greater than the upper test MTBF will be less than (a).

3.1.2.3 ~. The discrimination ratio (d) is one of the standard test
plan parameters; it is the ratio of the upper test MT13F(O.) to the lower test MTBF (el) that is, d
=e(+e,.

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

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

3.1.3.2 ~. An independent malfimction of equipment under test; a root
cause.

3.1.4 Jvle~ures of ~.
. . .

Reliability measurement should be as specified in 3.1.4.1
through 3.1.4.10.

3.1.4.1 ~ . A basic measure of the system reliability
parameter related to availability and readiness. The total number of system life units, divided by
the total number of events in which the system becomes unavailable to initiate its mission(s),
during a stated period of time.

3.1.4.2 ~T13*al ~. Demonstrated MTBF interval (W) is the
probable range of true MTBF under test conditions; that is, an interval estimate of MTBF at a
stated confidence level.

(>
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3.!.4.3 ~( & Observed MTBF (8) is equal to the total operating time of
the equipment divided by the number of relevant failures.

3.1.4.4 ~wer ~ (QJ Lower test MTBF (e,) is that value which is
unacceptable. The standard test plans will reject. with high probability, equipment with a true
MTBF that approaches (e,).

3.1.4.5 ~ (@ Upper test MTBF (O.) is an acceptable value of MTBF
equal to the discrimination ratio times the lower test MTBF (9 l). The standard test plans will
accept, with high probability, equipment with a true MTBF that approaches (O.). This value (eO)
should be realisticallyy attainable, based on experience and information.

3.1,4.6 ~ W @~~ Predicted MTBF (Op)is that value of MTBF determined
by reliability prediction methods; it is a function of the equipment design and the use
environment. (flp) should be equal to or greater than (O.) in value, to ensure with high probability,
that the equipment will be accepted during the reliability qualification test.

3.1.4.7 ~rved ceve ~
. .

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

3.1.4.8 ~ (P@. The intensity fimction (P(f)) is the change per unit time
of the expected value of N(t), the number of system failures multiplied by time t. This is written
as:

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

where E represents the expected value.

3.1.4.9 ~I+F ~,
.

The instantaneous MTBF function at t is
equal to the reciprocal of the failure rate fimction.

3.1.4.10 ~
. . .

. A point estimate of reliability equal to the
probability of survival for a specified operating time, t, given that the equipment was operational
at the beginning of the period.

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

31,5 ~. .Athorough description of all of the major pkmncd c]ents and
conditions associated with one specific mission. A mission profile is one segment of a life-cycle
profile (for example. a missile captive-carry phase or a missile free-ilight phase). The profile
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depicts the time span of the event, the expected en~’ironmental conditions, energized and
nonenergized periods, and so forth.

--
3.1.6 ~ . A thorough time-life description of the events and conditions

associated with an item of equipment from the time of final factory acceptance until its ultimate
disposition (for example, factory-to-target sequence). Each significant life-cycle event, such as
transportation, dormant storage, test and checkout, standby and ready modes, operational
deployment, and mission profiles, is addressed, including alternate possibilities. The profile
depicts the time span of each event, the environmental conditions, and the operating modes.
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4. GENEWL GUIDANCE

4.1 ~ . The reliability test program should be integrated with other
development and production tests in accordance with this handbook. The reliability tests should
be selected and tailored according to the type of item and for each appropriate acquisition phase.

4.2 ~
. . . .

. In order to avoid duplication of test effort and to
ensure that deficiencies are not overlooked, the integrated reliability test planning should define
procedures which ensure that reliability data is derived from all other tests. Integrated test
planning should consider a description of the test plans selected for use, the decision risks, and
the environmental test conditions, and should be keyed to the program life-cycle phases.

4.3 l%v~
. .

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

4.3.1 “ “
. .

~. Unless otherwise specified by the
procuring activity, the stress types defined in 4.3.1.1 through 4.3.1.5, should be combined in the
same chamber at levels and rates of change appropriate to the specified stress data. The
combined environmental test conditions profile should be developed in accordance with the
guidance provided in Section 5.

4.3.1.1 ~. Electrical stress should include quipment ON-OFF cycling,
operation in accordance with the specified operating modes and duty cycles, and input voltage
variation above and below the nominal operatiorud value.

4.3.1,2 ~. Vibration test levels and profiles should be tailored to the
specified intended application of the equipment and should consider the mounting location md
the classillcation category for field use. The fkctors that should be considered in the definition of
realistic vibration stress include a) type of vibration (sine sweep, complex, or random); b)
frequency range; c) amplitude; and d) manner and axis of application. The intent is to produce in
the equipment on test a vibration response with a character, magnitude, frequency range, and
duration similar to that produced by the field service environment and mission profile. The
mechanical impedance effects (the interaction of equiprnen~ fwtures, attachment structures, and
shakers which would influence the laboratory simulation of the effects of vibration
environments) should be accounted for in establishing vibration levels for all tests.

4.3.1.3 ~. The thermal stress profile should be a realistic simulation of the
actual thermal environment that the equipment experiences in the service application. The
factors to be considered in the definition of thermal stress include; a) starting temperature (heat
soak. cold soak) and turn on (warmup) time; h) operating temperature (range, rate of change. and
frequency of change; c) number of temperature cycles per mission profile; and d) cooling airflow
(rate and fluctuation).
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4.3.1.4 ~. Moisture levels during the temperature cycles should be sufficient to
produce visible condensation and frosting or freezing, when such conditions can be ex~cted in
field service. The humidity should be controlled during the test cycle and maybe increased to
produce the desired result by injecting water vapor at appropriate times in the test cycle,

4.3.1.5 ~
.

. Equipment cycling imposed during reliability tests should be
representative of field operation, see Section 5.

4.4 ~
. . . .

. Test instrumentation and facilities used in
conducting the tests are described in Section 6. These items should be filly calibrated and tested.

4.4.1 ~e of~
●

. Unless otherwise stated in the equipment
specification, tolerance of test environments should be as specified in a and b:

a. Temperature: ~ 2°Celsius (C) (3.6°Fahrenhcit (F)), afkr thermal stabilization.
b. Vibration amplitude: Sinusoidal, 10 percent. Random, as in Section 5.

4.4.2 ~ of ~ . The calibration of instruments, test equipment, and
chambers used to control or monitor the test parameters should be verified periodically. All
instruments and test equipment used in conducting the test should:

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

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

c. Be appropriate for measuring the conditions concerned

4.5 ~
●

. Both performance and reliability should be assessed in a test
program of statistically valid length under combin~ cyclic, and time-varying environmental
conditions which simulate conditions expected in service use. This should be accomplished by
demonstrating an acceptable performance baseline, through detailed performmce measurement,
before the start of reliability testing. After completion of the detailed performance
measurements, selected pefiormance test criteria should be used during the reliability test to
ensure acceptable equipment performance. All pretest and post-test measurements should be
performed at standard ambient conditions. Actual test renditions should be recorded during the
test period, whether controlled or not.

4.5.1 ~. Prior to starting tests, the performance level of the test item
relative to the specified requirements should be established and recorded under standard ambient
conditions. The pretest performance check should be made after installation of the item in the
test facility,

4.5.2 ~.
.

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

—
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4.5.3 ~. Performance data should be recorded for the test item at the
conclusion of the test.

4.6 ~C@
. . . .

. A closed loop
system shou!d be used to collect data on, analyze, and record timely corrective action for all
failures that occur during reliability tests. The system should cover all test items, interfaces
between test items, test instrumentation, test facilities, test procedures, test personnel, and the
handling and operating instructions.

4.6.1 ~
. .

. A failure report should be initiated at the occurrence
of each problem or failure. The report should contain the information required to permit
determination of the origin and correction of failures. The existing failure report forms should
include the information specified in a through c:

a.

b.

c.

Descriptions of failure symptoms, conditions surrounding the failure, failed
hardware identification, and operating time (or cycles) at time of failure.
Information on each independent and dependent failure and the extent of
confirmation of the failure symptoms, the identification of failure modes, and a
description of all repair action taken to return the item to operational readiness
Information describing the results of the investigation, the analysis of all part
failures, an analysis of the item design, and the corrective action taken to
prevent failure recurnmce. If no corrective action is taken, the rationale for this
decision should be recorded.

4.6.1.1 ~ COM oftied ~.
. .

A failure tag should be affixed to the
failed item immediately upon the detection of any failure or suspected failure. The failure tag
should provide space for the failure report serial number and for other pertinent entries from the
item ftilure record. All failed parts should be marked conspicuously or tagged and controlled.
Failed parts should not be handled in any manner which may obliterate facts which might be
pertinent to the analysis. Failed parts should be stored pending disposition of the failure analysis.

4.6.1.2 ~
. . . .

. An investigation and analysis of each
reported ftilure should be performed. Investigation and analysis should be conducted to the level
of hardware or sofiware necessary to identi@ causes, mechanisms, and potential effects of the
ftilure.

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

4.6.1.4 ~c~ive ac~. U%cn the cause of failure has been determined, a correcti;c
action should be developed to eliminate or reduce the recumence of the failure. Repairs should

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

4.6.1.5 ~
. .

. The closed loop failure reporting
system should include provisions for tracking problems, failures, analyses, and corrective
actions, Status of corrective actions for all problems and failures should be readily available at
all times, Problem and ftilure closeout should be reviewed to assure their adequacy.

4.7 ~
.

. A relevant failure is any primary malfunction, including software.
which results in a failure of the item under test to meet specifications. Excepted only are failures
which result from test personnel error, malfunction of test equipment, or anything associated
with the test facility.

4.7.1 ~. Failure definition and scoring criteria for classification of
failures should be agreed upon prior to start of test.

I I 1 I 1- 1
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5. RECOMMENDED RELIABILITY TEST METHODS AND TEST PLANS

5.1 This section provides information and guidance for selecting methods and

5.2 Test -
,

5.2.1 ~
. 00 .

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

5.2.1.1 ~
.

.

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

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

e~ . The reliability growth planning
cuwe development should be based on data fkom previous development programs for items of
the same type being developed. These data should be analyzed to determine the length of the
reliability growth test period and to provide project management with a means of monitoring
progress during test. Detailed guidelines are provided in MIL-HDBK-1 89.

0
e~ . The reliability growth cuwes should be

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

. .
owth -e ~ , Planned growth curves should depict

planned levels of reliability achievement at specific points in calendar time and test time and
should be coordinated with the scheduled reliability program reviews, Values along the planned
growth curve should represent the planned reliability improvement as measured by a point
estimate. The hfTBF \’alue indicated b}Ithe planned growth cume at the end of an}’test program
(for example, RIYGT in FIGURE 1A should be achieved or exceeded at or before the end of that
test program. The starting point for the planned growth curve should be determined: 1)
information of previous programs on similar systems: 2) by specifying a minimum level

from
of
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reliability which must be achieved to conform to the specified requirements; or 3) by conducting
an engineering assessment of the design and any previous development test data. 1f historical
data are unavailable, the stating point may be estimated by applying a constant factor (K) (that is.
10 percent, 15 percent, and so forth) to the reliability predicted for the mature system, Every

--

effort should be made, however, to obtain information relevant to a realistic starting point prior
to applying a K. A second curve, called the Adjusted Growth curve, which reflects the level at
which the achieved reliability would be if the comected failures were discounted, may also be
provided.

. Engineering rationale should be provided for
the reliability growth rate that is predicted between the scheduled review points. When the
predicted growth curves have been derived from historical data from similar programs, these
programs and the similarities and differences with the present program should be specified.

5.2.1.2 ~ T~
.

. The status of reliability testing should be addressed at
all program review milestones.

5.2.1 .2.1 ~
. .

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

5.2.1 .2.2 ~
.

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

Current reliability assessments and projections based on test results
Results of current problem and failure investigations and engineering
anaiysis
Preventive and corrective action recommendations
Potential design problems based on the preventive and corrective action
recommendations
Status of subcontractor and supplier, or bow reliability development tests
Status of p~eviously assigned action items
Assignment of action items resuhing from the review including scheduled
completion dates

5.2.1 .2.3 ~ revle~
. .

. A test completion review should be conducted at the
completion of the test. This review should be conducted to evaluate the results of the test and
should consider the information specified in a through g:

* Wv Uuvws.. -w- .- --... ~”. ---- - - ..-..=--, ---
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a. Current reliability growth assessments and achievements based cm test
results

b. Status of open problems and failures
c. Status of preventive and corrective actions
d. Status of previously assigned action items
e. Assignment of action items resulting from the review, including scheduled

completion dates
f. Conclusions of the review
g. Test results documented in detail

5.2.2 ~ “ . The interrelationships between the test methods and test plans
described herein and the reliability tasks titled as follows.

5.3 ~. Methods for evaluating reliability growth during RIYGT and for
evaluating ESS programs are provided in 5.3.1 and 5.3.2.1.

5.3.1 firo~
. .

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

5.3.2 ~Eco~e test. A durability/economic life test is described to
support determination of required maintenance events and required quantity of spares.

5.3.2.1 ~$S e~~
.I . Two ESS evaluation methods are described which

provide a means to determine when the ESS procedure should be terminated. One of the
methods provides a technique for calculating a required ESS time interval (which must be
satisfied to stop screening) prior to the start of the ESS. The second method makes use of
arbitrary times based on historical data.

5.3.3 ~ . MTBF assurance tests and the standard test plans provide a wide
selection of tests suitable for tailoring to conform to the requirements of any reliability program.

5.3.3.1 ~. The MTBF assurance tests use a failure-free intewal
concept to verifi MTBF. The tests provide a desired assurance that a minimum 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 previously passed
qualificatmn testing. “I-heM“F13Fassurance lest pmvldes the producer with a high protmb~lliy O?
success (see paragraph 5.8).

fwnnmv r mm mml -\- Iuhl I1l rnnP**-
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5.3.3.2 ~ . The standard test plans contain statistical criteria for
determining compliance with specified reliability requirements and arc based on the assumption
that the underlying distribution of times-between-failures is exponential. The exponential
assumption implies a constant failure rate; therefore, these test plans cannot be used for the
purpose of eliminating design defects or infant mortality failures. The standard test plans are as
categorized in a through d:

a. Probability Ratio Sequential Test plans (PRST) (Test Plans I-D through VI-D)
b. Short-run high-risk PRST plans (Test Plans VII-D and VIII-D)
c. Fixed-duration test plans (Test Plans IX-D through XVII-D and XIX-D

through ~1-D)
d. All-equipment reliability test plan (Test Plan XVIII-D)

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

5.4
considered
5.4.2.5.

accept-reject criteria and should not be used to project equipment MTBF.

. The most important factors to be
when selecting an appropriate test plan or method are provided in 5.4.1 through

5.4.1 ~est~
.

. The test methods and test plans to be used in
RD/GT, RQT, PRAT, and ESS should be selected from the material provided in a through f. The
test methods or test plans should be specikd in the ccmtract and the equipment specification and
described, in detail, in the reliability test plan document.

a.

b.

c.

d.

e.

The reliability growth monitoring method should be selected under conditions
where parameters of the time-to-failure distribution are expected to be changing
with time.
The ESS methods are to be used to eliminate early def=ts (infant mortality).
The Standard Environmental Stress Screen is a form of ESS used when it must
be verified that equipment, which has passed previous reliability testing, has not
been degraded by the production process.
The MTBF assurance test can be used to provide assurance that a minimum
specified MTBF has been achieved and that early defect failures have been
eliminated.
A fixed-duration test plan must be selected when it is necessary to obtain an
estimate of the We MTBF demonstrated by the test, as well as an accept-reject
decision, or when total test time must be known in advance.
A sequential test plan may be selected when it is desired to accept or reject
predetermined MTBF values (eO,fll)with predetermined risks of enor (a,~), and
when uncertainty in total test time is relatively unimportant. This test will save
icsi time. as wnp~ed to ikd-duraliun test plans ha~ing similar rid+ and
discrimination ratios. when the true MTBF is much greater than (O.) or much
less then {8]).
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f. The all-equipment test plan may be selected when all units of the production run
must undergo a reliabilityy lot acceptance test.

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

5.4.2 ~
.

, The most important parameters to
be considered when selecting test methods and test plans are discussed in 5.4.2.1 through 5.4.2.5.

5.4.2.1 ~ . The parameters to be measured during reliability tests
and the applicable acceptance limits should be determined by the performance requirements of
the equipment design control specification and should be included in the test procedures.

5.4.2.2 ~
.

. The number of equipment to be tested, not necessarily
simultaneously, should be determined as described herein or as specified in the contract.

a.

b.

c.

d.

e.

Sample size (reliability 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 contractor and the procuring activity.
Sample size (production reliability acceptance). Unless otherwise specified by
the procuring activity, the minimum of samples to be tested per lot is three
pieces of equipment. The recommended sample size is 10 percent of the
equipment per lot, up to a maximum of 20 pieces of quiprnerrt per lot.
All-equipment production reliability acceptance test. Under this test plan, all
production equipment is subjected to the reliability acceptance test. All-
equipment acceptance testing (100 percent sample) should only be specified
under exceptional circumstances, as determined by the requirements of safety
or mission success.
Sample size (ESS). Unless otherwise specified by the procuring activity,
selected development equipment and all equipment in production lots should
be subjected to ESS. In high volume production runs, the sample size from
each lot should be selected by the procuring activity. Initial lots should be
screened at the 100 percent level. Sample size on later iots maybe reduced by
the procuring activity based on the screening results.
Sample size (optional nonstatistical test). The sample size for this test is all
equipment in a lot whose verified reliability characteristics may be degraded
by manufacturing and quality defects.

5.4.2.3 ~.
●

The test duration for RIYGT should be specified in advance. bv.
the Government, in the request for proposal, contract, and specification. During the test
program. additional test time may be specified if needed to achieve reliability goals. ESS time is
a variable, which depends on lot size, fai!ure distribution of the ear!y failures, types of
en~’ironmental stress applied. and stress levels. Some maximum allowable test time should be
used for test planning. For sequential test plans. test duration should be planned on the basis of
maximum aliowable ~est time ~~runcation). rather than the expected decision point. to avoid the

18

--

---_._—.________--——- - -=---:+L-



MiL-HDBK-781

probability of unpIanned test cost and schedule overruns. Testing should continue until the total

unit hours together with the total count of relel’ant equipment failures permit either an accept or
reject decision in accordance with the specified test plan. However, for the all-equipment
reliability test, testing should continue until a reject decision is made or all contractually required
equipment has been tested. Equipment ON time (that is, equipment operating time) should be
used to determine test duration and compliance with accept-reject cnteria~ Testing should be
monitored so that the times of failure may be recorded accurately. The monitoring
instrumentation and techniques and the method of estimating MTBF should be included in the
proposed reliabilityy test procedures. Each equipment should operate at least one-half the average
operating time of all equipment on test. The duration of fixed-time tests should be specified in
the request for proposal, contract, and equipment specification. This test duration should be the
maximum allowed by the schedule and fiscal constraints of the program.

5.4.2.4 ~. The consumer’s risk (~) is the probability that equipment with
MTBF equal to the lower test MTBF will be accepted by the test plan. The producer’s risk (a) is
the probability that equipments with MTF3Fequal to the upper test MTBF will be rejected by the
test plan. In general. the use of low decision risks will result in longer test time. However, low
decision risks provide protection against the rejection of satisfactory equipment or acceptance of
unsatisfactory equipment. For each of the truncated sequential plans (PRST), the exact risks
were calculated. Shifts in the accept-reject lines and truncation points were made to bring the
true risks closer to the designated risks and to make the two risks more nearly equal for each
plan. The decision risks of the all-equipment reliability test vary with the total test time and have
little significance as a reason for choosing this plan.

5.4.2.5 ~. The discrimination ratio (d) is the ratio of the upper test
MTBF (8.) to the lower test MT13F(0,) and is a measure of the power of the test to reach a
decision quickly and, together with the decision risks, define a sequential test’s accept-reject
criteria. In general, the higher the discrimination ratio (d), the shorter the test. The discrimination
ratio (d) (and corresponding test plan) Must be chosen carefi.dly to prevent the resulting (8.) fiorn
becoming unattainable due to design limitations.

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

b. The AMSAA Method for evaluating reliability growth presented herein was
developed by AMSAA. This method is discussed in some detail in MIL-HDBK-I 89. Additional
information is provided in Reference 2. The AMSAA model was selected for inclusion in this
handbook because it is an analytical model which permits confidence intewal estimates to be
computed from the test data for current and future values of reliability (MTBF) or failure rate (k}.
In addition. the model can be applied to either continuous (time) or discrete (rounds. miles)
rehabilit}’ s)’stems, single or multiple s}’stems, and tests which are time or failure truncated.

Iv
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5.5.1 ~ D~. The Duane method is a graphical technique which is useful in
the analysis of reliability growth data. The technique is quick. simple. and easy to understand.
The Duane plot or graph can depict facts that maybe hidden by a purely statistical analysis. For —
example, a goodness-of-fit test may call for rejecting the AMSAA model, but will not indicate
possible reasons for the rejection. A plot of the same data may indicate some reason for the
problem. However, the reliability parameters cannot be estimated by the Duane Method as WC1l
as they can by a statistical model and, of course, no interval estimates can be computed. In
addition, the Duane plot uses a straight line which is fitted by eye to the data points. The
graphical and statistical methods should be viewed as complementary techniques.

5.5.1.1 -. The symbols used in the equations of the Duane Method are:

C(t) = expected number of failures in (t) units of development testing
divided by (t)

F(t) = expected number of failures in (t) units of development testing

m = slope of the Duane plot

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

e(t) = current MT13F

r(t) = current failure rate

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

5.5.1.2 ~.
.

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

a. The Duane model can be expressed in the form:

c(t)= b-m

where

F(zIc(t) = —
t

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

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

However, since it
relationship is:

b.

c.
d.

e.

f,

In(N(t)/t) = ln(?+-m h(t)

is easier to visualize growth as an upward sloping line, a more commonly used

In(t/N(t)) = m In(l) -In (k)

As the testing progresses, record is kept of (t), the total units of operation
accumulated among all the systems. Thus, if three systems have been tested
for 100 hours each, t = 300. Record also is kept of (N(t)), the cumulative
number of fai)um experienced during the (t) units of operation.
At selected values of (t), the quantity (tON(t))is computed.
Using full-log graph paper, the values of(t) and (UN(t)) are plotted on the
abscissa and ordinate, respective y.
If the plotted points forma reasonabl straight line, it can be concluded that

Jthe Duane model is a reasonable me od for describing the growth pattern
observed.
Afier fitting a straight line through these points, (L) may be estimated by the
reciprocal of the ordinate at (t) = 1. The parameter (m) may be estimated by
the arithmetic slope of the line. Each successive point contains all the
information contained in earlier points. Therefore, the most recent points
should be given heaviest weight in plotting the line.
An estimate may be made of the current values of MTBF (e(t)) and the failure
rate (r(t)), by means of the relationships:

e(t) = /7(1 - nz)k

and

r(t) = (1 - m)?J”m

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

5<l?------- .% an example, three s)”stems 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
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of failures encountered afier selected periods of testing and the corresponding values of (t/N(t))
are given below:

—
t N(t) m(t)

(~)

1●OO 3 0.333
2.00 6 0.333
5.00 13 0.385
8.00 18 0.444
10.00 22 0.454

The values of(t) and (t/N(t)) are shown plotted in FIGURE 1. The points forma reasonably
straight line, suggesting that the Duane model is appropriate for describing the growth pattern
observed. A straight line is then fitted through these points.

The ordinate at (t)= 1 is 0.31. Therefore, L = 1/0.31 = 3.22. The arithmetic slope m =15
millimeters (mm) divided by 95 mm = 0.158. This may also be determined by:

fn(O.446)- h(O.310) = * 157
m=

bdlo) - Ml) “
The MTBF currently achieved at 1000 hours maybe estimated as:

10 +am
90000)s

(~ - ().157)(3.22) = 0“s288 ‘U* ~U~ = 52.88 hOUm

and the cunent failure rate may be estimated as:

r(1000) = (1 - 0.157)(3.22) 10-0’s7 = 1.89failures per hundred hours
= 0.0189 failures per hour

The MTBF expected at 2000 hours may be estimated as:

20 +0.16?
= 0.6896 humid hutm - S8.96 bum

‘(2000) = (1-0.1 S7)(3.22)

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

5.5.1.4 ~ure rak. 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. Plotting the average failure rate of

—.
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selected intervals eliminates this problem. The lack of cumulative smoothing, however, does
make the average failure-rate plot much more sensitive to sampling variation. The average
failure-rate (ki) over any time interval is the number of failures in that interval (n) divided by the
total operating time in the interval (Ti).

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

Interval nl T] %,

(lk@QWWSOSW

0-100 3 100 0.0300
100-200 3 100 0.0300
200-500 7 300 0.0233
500-800 5 300 0.0167
800-1000 4 200 0.0200

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

5.5.2 ~ Mew. A summary of the variables used in the AMSAA model is
given in TABLE 11.

5.5.2,1 ~ oftr~est da . Prior to the use of the AMSAA method,
any significant trend in the test results must be identified. Multiple systems should be analyzed
on a cumulative test duration basis (time, miles, and so forth) by combining the failure data on
the multiple systems, as if they were a single system, and then analyzing the data as a single
system. If the period of observation ends with a failure, use the test statistic (p) generated by
equation 1 in TABLE III. If the failure data is time-truncated, use the test statistic (p) generated
by equation 2 in TABLE III. At the 10 percent (two-sided) significmce level, ~ = 1.645;
therefore, it

a.

b.

~ s -1.645: Significant reliability growth is indicated at the 10 percent
significance level and the AMSAA model can be used for estimating
parameters of interest
p z + 1.645: Significant reliability decay is indicated at the 10 percent
significance level. Corrective action is necessary.

I I I I I II I . -.
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c. -1.645< p < + ] .645: The trend is not significant at the 10 percent
significance level and additional data should be accumulated.

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

Other critical values of the test statistic are:

. .
erc~ level of ~ (two-s-

.

-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 cotildence
of reliability growth.

5.5.2.2 ~owth * “ . If significant growth is indicated, compute the
appropriate parameters using the reliability growth equations selected from TABLE 111.Use
TABLE IV as a guide for q-uation selection. Note that for small sample sizes, the recommended
estimate of(~) is the unbiased estimate. (~), which is:

For failure-truncated tests, use equation 4

and for time-truncated tests, use equation 8

p=[(N-l)mq6

The recommended estimate of(k) is (~), which is:

For failure-truncated tests:

~ = N//$,j

and for time-truncated tests:

z = ,}’/?()

24
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The goodness-of-fit of the AMSAA model to the particular test data being generated must he
tested by use of the Cramer-von Mises goodness-of-fittest. First, the level of significance (a of
the test must be chosen and the critical value of the test statistic (C2M)determined from TABLE
V. The (C2M) calculated from the observations (equations 6 and 10 in TABLE 111)must then be
compared to this critical value. If the statistic is less than the tabulated critical value, the
AMSM model cannot be rejected and the calculation procedure in steps a through g below can
be used. If the statistic is greater than the tabulated critical value, then the AMSAA model is
rejected. If the model is rejected, follow the procedures given in step h below.

a. If the AMSAA model is appropriate, the system intensity fhnction may be
estimated as a fi.mction of time by:

A48-1~(t) = k~f (for large samples)
.

~(r) = @D-l (for small samples)

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

b.

c.

d.

e.

f.

Then calculate @(t)) or @(t)) at the end of the test (or at the point in the test at
which the calculation is being made).
From TABLE VI for failure-terminated test and from TABLE VII for time-
terminated test, obtain the two-sided lower confidence bounds (L~,Y) and
two-sided upper confidence bounds @N,y) for N faihres and (y) percent
confidence coefficient.
Compute the interval estimate of MTBF from:

LWY UWY
“E s A(TBF s 1~

t p(t)

If the number of failures is 20 or more, the same percentiles may
construct approximate confidence bounds on the fhture MTBF.
The MTBF is:

h(l) = 1 /fi(~ (for large samples)

~(l) = 1 /~(1) (for small samples)

be used to

..
From the confidence limits on M(t) previously calculated, the correspond~ng

be found from:

‘5&.
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h. A poor Cramer-von Mises fit may be caused by jumps or discontinuities in the

growth pattern. A plot of the data may suggest whether a different,
continuous model should be considered; or whether program changes. which
may cause breaks in the groti pattern, should be investigated. When there
are jumps or discontinuities in the growth pattern, the AMSAA model may be
applied in a piece-wise fashion. The procedures are as described in 4.3.2.2a
through 4.3.2.2g, except that the data prior to md following the time of
discontinuity (D) is treated separately. Thus, the earlier data is treated as a
time-truncated test, with T = D and the later data is treated separately after
subtracting (D) from each observed failure time.’ If a two-piece AMSAA
model is appropriate, the system failure rate as a fhnction of time (t) may be
estimated by:

0(0=U@l-’ __()</<D

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

5.5.2.3 ~ . This example illustrates how the AMSfi model can be
applied to a practical situation such as the test of a single system, the reliability of which is
described by a continuous fbnction, in a time-truncated test. The test data for this example are
given in TABLE VIII. The test was termimted at 1000 hours. A total of 15 failures occurred at
the times indicated. TABLE VIII also lists some of the intermediate computational results which
ma!’ serve to clari~ the procedure. The procedure is as provided in a through j:

a. Compute the growth
is:

parameter estimate using equation 7 of TABLE III, that

/n(Xi)]= 15fll S(ln 1000) - 70.312]= 0.4504

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

i = N/fOO= 15/1000°”4S~= 0.6682

c. Check the goodness of fit of the AMSAA model at the 10 percent level of
significance. In this case, since M = N -1 is very close to the tabulated value
for M = 15, the critical value found in TABLE V is 0.169. The Cramer-von
Mises statistic is calculated from the obsened data using equation 10 of
TABLE 111,that is:

———L;-. .l-- -..-&-- n. -.” ha “enm v-nnm *zintn u-l mar msnu Qvur=m= nn nr>r



d.

e.

f.

&

h.
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where:

P = [(~~- 0/~~@ = [(15 - 1)/15](0.4504) = 0.4204

therefore:

C2~ = 1/[12(15)] + 0.01857 = 0.0241

Since O.0241 islessthan 0.169. thetabulated critical value, the AMSAA
model cannot be rejected. If the tabulated critica~ values and calculated values
are very close, then more exact critical values can be obtained from TABLE V
by interpolation.

Since the AMSAA model is appropriate the system failure rate,
estimated for large samples, from:

The failure rate at 1000 hours is:

f)(1000) = (0.6682) (0.4504) (1000) ““’5N-1= 0.0067

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

Obtain the lower confidence bound (L~,y) and upper confidence
for 15 failures and 0.8 confidence coefficient from TABLE VII.

p(t) can be

bound (U~.y)
for a time-

terminated test, that is, (L~.y) = (Li~,0.8) = 0.614and (lJ~,y) = Ul~.0,8) = 1.8.

The interval estimate of MTBF is computed from:

Lt.y/fl(tO) s MTBFs L~,y/’~(tO)

0.614 / 0.0067 s MTBFs 1.8/ 0.0067

91,6 s ,MTBFs 268.7

The MTBF is computed using the following equation:

111(1)= I i;( IWO) = I i 0,0{)67= I49.3 hour.v

~~
-,

i I



i, Note that the sample of 15 failures is at the margin of usability of large
sample equations. As an exercise the reader should recalculate the various
parameters in a through h using the small sample equations.

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

-

PU~= 1 / M[~= 1 /91.6=0.01092

P,~= 1 lh4U~= 1 /268.7= 0.00372

5.6 ~
, .

. The Critical Failure Free Operating Period
(CFFOP), the Cumulative Maintenance Burden (CMB) and the Durability ‘Economic Life
requirements should be demonstrated during the Durability Life Test (DLT). If the contractor has
proposed any preventive or scheduled maintenance events (i.e. life limited items), these are to be
accomplished and verified during the DLT. The DLT should be structured as follows:

1. Test unit(s) are to represent production configurations as closeiy as practical.

2. The DLT is to simulate the major environmental and operational cumulative
stresses which the equipment will be exposed to during its durability/economic life
and which influence its failure processes. The DLT test cycle is established by
deriving environmental and operational stress profiles horn the actual design usage
and environments. The sequence of simulated missions in the cycle should be

representative of the service usage. The environmental and operational stresses
include both steady and cyclic or fatigue stresses. Examples of these stresses are
thermal cycling, vibration, power cycling, voltage and humidity.

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

a. To veri~ and validate corrective actions

b. To veri~ specified design margins
c. To veri~ wearout, deterioration, degradation effects of non-life-limited

equipments are equal or greater to or greater than the durability/economic life.
d. To icienti~ additional failure mechanisms in the wearout phase
e. To characterize aging effects and assure the product is not adversely affected

over the durability/economic lifetime. The DLT duration is defined as the
amount of cquipmcnl power m’equipment operating time and is imt to be
confused with chamber andor calendar time. The DLT should simulate the
required operating time of the equipment over its lifetime.

mLe e-. .
., -

--- —- -.
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4. Because of the limitations associated with cost. schedule and test tbcilities. it may
not be practical andfor feasible to simulate all durability/economic life stresses on a
real time basis. In such cases, the test profile should exclude usage periods of
benign stress to shorten test times. Additionally, time compression techniques
which are justified by published technical literature or derived by the contractor
through in-house experiments and testing, may be used with prior approval from the
PA. The time compression techniques, if used, must be combined with the
cumulative fatigue damage at durability control points (DCPS) as an approximate
measure of fatigue life consumed by the application of fatigue stresses. The DCPS
should be identified during the analyses and/or lower level testing in the design
phase. Care should be exercised while raising stress levels in the test to achieve
time compression as doing so may result in failure mechanisms which are not
representative of the intended field usage.

5. All failures occurring during DLT should be analyzed and corrective action
developed and verified. When a failure occurs during the DLT, the contractor may
elect to stop the test and wait until the failure investigation and analysis takes place
and a corrective action is identified and implemented. Another option is to repair
the unit under test (e.g. by removal and replacement of the failed SRU or part) and
continue the test while the failed equipment is being malyzed for the failure cause
and corrective action is devised. A corrective action may consist of a design
change, a part vendor change, a manufacturing process change, or a change in the
process controls. Verification of a proposed corrective action is usually achieved
when this corrective action is implemented and the unit under test undergoes one
durability/economic life worth of testing without any failure or maintenance.
Verification of a proposed comective action, in some cases, may also be achieved
by analysis, by a separate lower level test, or by a combination of both, when
technical justification and rationale exist. The contract should clearly define
financial responsibility and liability for changes resulting from the DLT, to include
hardware retrofit changes, documentation changes, etc. Liability for deficiencies
must be clearly established in the contract.

6. Required portions of environmental qualification tests may be combined with this
test.

7. Post-test inspections and data evaluation should be conducted, including a complete
teardown and non-destructive inspection ~TDI). Destructive inspections may be
required if failures are detecte~suspected.

8. Pro\~isioning for the required quantity ot spares should be made during the test

planning in order to facilitate smooth continuation of the DLT when failures occur

which require inl cstigatiun and anal}’sis tu determine the rout GJusc. cstablishmcni
t)!’correcti~’e action. and implementation 01’the correctii’e ac~ion into the test article.
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Contractual provisions must be established (c)ensure availability of required test

hardware.

.-
5.7 ~

. .
. Three methods for monitoring ESS are provided in 5.7,1

through 5.7.3.2.

5.7.1 . This method provides a technique for
estimating the required ESS time to ensure that, with a prespecified high probability, all
defective parts have been removed from a repairable system (see Reference 3). The required
screening time (T) for each additional system which ensures with probability (p) that no defects
remain in the system is:

()-lnp
-fR —

$
Nd

‘~
‘d

where:

p = prespecified probability that no defects remain after the screening period
N~= expected number of defective parts in each system
Ld= failure rate of each defective part

Further, let:

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

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

where:

K = total number of systems on which &ta are available
r = total number of defects observed on all K systems and the left-hand side of

the equation is the cumulati~’e Beta distribution. tabulated in Reference 4

A lower ( ] - 5’)confidence limit on (AJ. (&). is obtained from:

—
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t~here:

Xz[l. ~J,z~= the (1 - b)th percentile of a chi-square distribution with 2r degrees of
ffeedom

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

The recommended estimate for (T), (?). becomes:

()-Z?LpA
-h —

hf~
T=

A-d

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

screening periods for previous similar systems and/or engineering judgment. When and if(})

becomes smaller than this predetermined period, the screening time should be decreased
6

accordingly. If (’?) greater than the original period, thought should be given to increasing the
A

screening period. A large ~) is particular y meaningful, of course, if it is based on a relatively

large data base, that is, on a relatively large (r).

5.7.2 ~ . In the graphical method, a plot of observed ftih.m rate and
smoothed failure rate is made and continuously updated from the data. TypicaIly these curves
will bottom out if the defective parts are removed by ESS. The ESS duration is obtained by
observing when the curve becomes flat. For example, in FIGURE 3 an ESS duration of
approximately 70 hours would be reasonable. For a new system, the initial ESS duration should
be chosen from data on similar svstems md then modified as test experience is accumulated..

5.7.3 ~. Standard ESS verifies that production workmanship, manufacturing ~
processes, quality control procedures, and the accumulation of design changes do not degrade the
reliability which was originally’ found to be acceptable by the RQT. This ESS procedure should
be applied to all production equipment of the system being evaluated. The equipment should be
operating when placed under the specified environmental stress. Additional details are provided
in Reference 5. All items should be subject to a sequential series of stress cycles consisting of
thermal or vibration stress cycles or a combination of both, Typically, each equipment should be
stressed until a minimum of one failure-free intcwal is attained. The procuring activity may
suggest the number of cyc]es. cycle characteristics. and a failure-free period (time or cycles).



MIL-HDBK-781

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

5.7.3.1 ~. A typical thermal stress cycle is shown in FIGURE 4. The cycle
should be selected from a range of temperatures between - 54°C to + 85°C. The number of
thermal cycles used should range from 6 to 10, where 8 is considered as a reasonable value for
many equipments. Historical data indicates that more complex equipments require more thermal
cycles. Six cycles appear to be adequate for black boxes of about 2000 parts while 10 cycles
may be required for equipment containing 4000 or more parts. A suggested range of thermal
cycles to be applied is:

Simple (100 electronic parts) 1
Moderately complex (500 electronic parts) 3
Complex (2000 electronic parts) 6
Very complex (4000 electronic parts) 10

Historical data indicates that thermal soaks do not contribute significantly to the screening
effectiveness. Therefore, the dwell times at high and low temperatures need to be only long
enough for internal temperatures to stabilize. It follows that each successive thermal ramp
should be started soon after the internal part temperatures have stabilized within 2°C of the
specifd temperature and all requiredfimetional tests have been completed. The tempemture
rate of change of internal parts should fall within 5°C and 20°C per minute. The best screening
results will be achieved by using the maximum safe range of chamber temperatures and the
greatest practicable temperature rate of change of internal parts. The equipment undergoing ESS
should be energized and operated during therrmd cycling (within the specified operating
temperature range), but it may be turned off during chamber cool-down to permit the temperature
of internal parts to decline more rapidly. Equipment performance should be monitored
continuously, but if cost or other constraints do not permit this, periodic checks and continuous
monitoring of the final cycle should be required.

5.7.3.2 ~. The standard vibration stress spectrum is shown in FIGURE 5.
The stress is a random vibration which should be applied for at least 10 minutes if the direction
of vibration is to be along a single axis. When vibration along more than one axis is required, the
random vibration stress should be applied for at least 5 minutes along each axis. The equipment
should be hard-mounted to the shake table so that the direction of vibration is perpendicular to
the plane of the printed circuit boards (PCBS). If the equipment has PC13Soriented in more than
one plane, the equipment should be vibrated sequentially along each of three orthogonal axes.
The tokrartce for the random vibration spectrum should be + 3 decibels (dB). Notching at
resonant frequencies is permitted.

5.8 ~F ~e test. The MTBF assurance test (see Reference 6) can be used to

provide assurance that any minimum MTBF level, such as the lower test MTBF, is achieved in
addition to pro~’iding assurance that earl} defect failures have been eliminated. The test is
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conducted in combination with an ESS which removes the early defects. The procedure
commences with the ESS which is terminated after some number of hours determined by the
methods previously described. Afler the ESS is terminated, the system enters the MTBF
assurance test, which is to be conducted under mission profile environments. The procedure is
designed to permit changes in the failure-free interval (test window) (W) if warranted by the test
data. This test can be used on production equipment which has passed qualification tests and can
provide the producer with a high probability of success. In the MTBF assurance test, the system
must operate for a specified number of test hours without fdlure (failure-free requirement) within
an interval (test window) (W) of specified length. Generally, the test window is chosen to give
the seller a very high probability of passing the test (for example, 98 percent). if the equipment
actually does satisfi the minimum MTBF level. The probability of a unit passing,(Ps),is:

~$ (M- 1)’(M+W-r)=
Mr+!

where:

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

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

log Ps=rlog(hf -l)+ log(M+V’ -r)- (r+l)log M

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

If the ratio of(W) to (r) is less than two, there exists an interval within the test during which one
equipment failure would immediately terminate the test in failure. This results in degraded
statistical confidence in the result. Increasing the ratio of(W) to (r) beyond two, increases the test
time without significantly improving the statistical cotildence. Therefore, the optimal ratio of
test window length to failure-free requirement is 2. FIGURES 6 and 7 present a graph of (Ps)
versus (M) with W = 2r for a range of ftilure-free intervals of 10 hours to 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 (1%).

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

~98 (Af-lmf+r)
. =

Mr+l
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Solving numerically for (r) in terms of (M ) yields the empirical relation:

r=o.212M

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

5.8.1 ~
.

. The MTBF assurance test equation is derived as provided
in a through g:

a. Break up the test into one-hour intervals; therefore, the probability of a success
in any one hour internal is approximate y:

-t/M
ps=e =e -i’M=1- I/A4

and the probability of faiiure is:

P/ = IIlu

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

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

(P,)’ =(1 -1 M4)r

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

Pjom= Wo(l -l/M)’

e. This can occur (r) times within the test window (W), before the test is failed and
sufficient ftilure-free time can no longer be accumulated.

f. Therefore (p~)(PJ can occur (r) times.
g. Therefore the total probability of acceptance is given by:



5.8.2 Proc&.
through m can be used:

a.

b.

c.
d.

e.

f.

%“

h.

i.

.i.
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f’s = p: + (d (pf) 49,)’

= (1-MO’ + r (1/M)(l -l/M)r

=(1-mml+JfAf)

.(:)(~)

w- 1)’ w+ d
r

hi’ M

(M- 1)’(M+r)
=

Mr+l

Using the relationships given in 5.8, the procedure provided in a

Based on historical data with similar equipment, select an ESS duration using
the methods in 5.5.
For the desired (Ps) and MTBF (e), determine the failure-free interval from
FIGURES 6 and 7
The test window. W = 2r.
Run the MTBF assurance test on each equipment with the parameters in z b,
and c, until the failure-fke interval of(r) hours is obtained in the test window,
(w).
Accumulate the times of failure on each unit (serial number) of equipment
tested and use the AMSfi model to compute current MTBF on the
accumulated data and on the data for each individual system (or some group of
)atest units).
Continue testing until a time of 10 MTBF is accumulated.
If the test data indicates a computed MTBF in the vicinity of the desired MTBF,
continue testing using the same failure-free interval and test window.
If the most recent &ta indicates a significant decrease in MTBF (reliability
deterioration), consider increasing the failure-free interval and test window.
If the most recent data indicates a significant increase in MTBF (reliability
improvement), consider decreasing the failure-free interval and test window.
There is no simple method of determining, a priori, the number of latest units
whose data should he combtned when computing the M-1’E3Fwhich is to he
compared against the original MTBF The MTEIF attained by each unit tested
and the m’erall N4TRFshould bc calculated and graphed and the results
nkmiloreci continuously,

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

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

m. This iterative procedure can be repeated as the test proceeds and is especially
useful for equipment with large production runs.

5.9 ~ . The sequential test plans are based on the assumption
that the underlying distribution of times-between-ftilures is exponential. A set of standard PRST
have found wide applicability in the testing of electronic equipment. Six basic test plans (1-D
through VI-D) are provided. The true decision risks and discrimination ratios (d) for these are:

Inuidss
. . . .

a Q d

I-D 11.5 12.5 1.5
II-D z~.7 23.2 1.5
III-D 12.8 12.8 2.0
IV-D 22.3 22.5 2.0
V-D 11.1 10.9 3.0
VI-D 18.2 19.2 3.0

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

Inuisks
. . . .

a Q d

VII-D 31.2 32.8 1.5
VIII-D 29.3 29.9 2.0

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

36
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5.9.1 @lbQIS. The symboJs used in the equations of4.6 are:

a

P

e

e,

00

r

r.

To

‘AI

‘RI

= producer’s risk

= consumer’s risk

= MTBF

= lower test MTBF

= upper test MTBF

= accumulated failures in time (t)

= failures at truncation

= truncation time

= standardized acceptance time

= standardized rejection time

o’~(y.o = standardized upper confidence limits

O’L(y,i) = standardized lower confidence limits

00 (y,i) = upper conildence limit

OL(y,i) = lower confidence limit

5.9.2 ~. 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 maybe used when a sequential test pkm is desired, but test time is limited and both
the producer and the consumer are willing to accept relatively high decision risks. PRST plans
will accept material with a high MTBF or reject material with a very low MTBF more quickly
than fixed-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 5.9.8 provides a means to assess the effeetive consumer’s risk
at any point in time during a sequential test.

5.9.3 ~. The concept of sequential tests was dcvclopcd b~ I. JJ’ald
(see Reference 8) and B. Epstein (see Reference 9). and is also discussed by I. Bazovsky (see
Reference 10). For an exponential equipment with an unknow-n MTBF of(9). the probability? of
fhiling (r) Iimcs in an uccumulatcd operating time (t) is:

37
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The sequential test must prove that (0) is at least equal to or greater than the lower test MTBF
(9,). if the true MTBF is exactly equal to the lower test MTBF the probability of failing (r) times
in the operating time (t) is:

In order to structure the sequential test an upper test MTBF, (eO),must also be selected. If the
equipments MTBF were equal to (eo) the probability of(r) failures in the interval (t) would be:

‘0’”’-(;)(’7-)
Now form the probability ratio:

p, (r) e, ,

()m)= ~ . ~ #JQ1 ).( M80))C
o 0

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

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

The constants (A) and (B) are:

Pl?——
(1-a)

~rhere:

a = producer’s risk

38
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P= consumer’s risk

d = discrimination ratio

The graphical sequential test procedure is derived as follows:

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

Starting with:

Take the natural logarithms:

hB<r2n(eo/e])+ (l/e~- l/e])f</n A

Transform this inequality by dividing all terms by In (fl#ll) after adding (1/8] -1 /80)t to each
term. This results in:

In B (q - l#3J [IA (1/0, -1 /O.)

‘ h (e#l)
t< ~< /~(e#l~)

+ lrl(e~e,)
t

fn(epl)

As long as the numerical value of (r) is between the values of the lefl and right side of the
inequality, the test continues. If(r) becomes equal to or less than the left side, the test terminates
in an accept decision. When (r) becomes equal to or greater than the right side, the test terminates
in a reject decision. The expressions on both sides of the inequality are equations of two parallel
straight lines; thus, the inequality can be written as:

a+ bt<r<c+bt

When these two lines are plotted on graph paper with (t) (cumulative test time) as the abscissa
and (r) (number of failures) as the ordinate, the constants (a and c) are the intercepts of these Iines
with the ordinate and (b) is the slope.

‘l-henumerical computation of a. c. and b is gi~~enby:
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h B
a=bqe,)

h A
c=/n (849,)

(1/0, - u%)
b

= h (e#),)

From this, the two parallel lines can be plotted on graph paper in an (r - t) coordinate system. By
drawing a horizontal line at (r = rO)and a vertical line at (t = TO),the test is truncated.

5.9.4 ~
.

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

The appropriate value of(r) is the smallest integer that can be used so that:

where X2(1. ~):2r,and X2Pz~are the chi-square variables with (2r) degrees of freedom. Tables of
the chi-square distribution can be found in Rc&’ence 11. These two values are found by
simultaneously searching the (1 - a ) and ~ probabilities of the chi-square tables until the ratio of
the variables is equal to, or greater than.0 ~fee. When this point is found, the degrees of freedom
are set equal to (2r). The value of(r) is always rounded to the next highest integer.

This value is (rO). From this. the maximum time (TO)can be found.

5.9.5 ~. A PRST plan may be generated analytically for any given

(Q (~), (01), and (O.). The procedwe k straight forward and can be easily implemented with a
hand-held calculator. For example, given the following input data:

C(= (-)10

p = 0.10
(), = 100hours
t),,= ~()(~ho~lrs

r——.:—— *L— ---- I---:1:*..

.

-lo

lnl
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Determine the discrimination ratio. accept-reject criteria. truncation points. and the slope and
ordinate intercepts of the test plan cuwes. Plot the test plan. The solution proceeds as specified
in a through e:

00 200d=— — atz
(31 = 100

a. Discrimination ratio =

b. Am

c. B-

(Ci+l)(l-fl) (2+1)(1-0.10)

2ad - 2(2)(0.1o)
- 6.75

B 0.10
—-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 (~) upper percentage points until a point is reached
at which:

or

This point occurs at 29 degrees of freedom where:

X:9.2,
- = 19”783— = 0.506
& :1?

S9.087

therefore:

2r = 29

r= 14.5

rp = 15 fuilure.<

d sin~c:
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eoxll a) ;2
To= -

2

To=
200 (20.6)

2

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:

fnB Zno.111 -2.198
— = -3.17a=-= in 2 = 0.699

orn, - Iq (&o ] - 0.00s)

b= -
fn(8#$) h 2

= 0.0072 i

in A in 6.75 1.910
— = 2.75==-= b12 = 0.693

These values are plotted in FIGURE 8.

5.9.6 MR&wIXUT ~si
. . .

. FIGURES 9 through 16

present the accept-reject criteria for the Standard PRST plans and the OC and Expected Test
Time (ETT) curves for Test Plans I-D through VII I-D. The OC curves plot values of probability
of acceptance versus the true MTBF expressed in multiples of (e]) and (t30)The ETT curve plots
values of expected test time versus time MTBF expressed in multiples of (0 I) and (O.).

5.9.7 co~.
,. .

This method for estimating confidence

limits can be used to estimate the confidence limits on MTBF at the completion of the sequential
tests described in Test Plans 1-Dthrough VIII-D. Tables of coniklence limits on the true MTBF
are given in TABLES 9A and 913and 10A and 10B. Acceptance can occur only at discrete
times, while rejection can occur at any time after the required number of failures has occuned.
Therefore. confidence limits after acceptance and rejection must be computed separately.
TABLES 9A and 9B present confidence limits at acceptance and TABLES 10A and 10Bpresent
confidence limits at rejection. Define (tAi)as the standardized acceptance time, so that an
equipment is accepted if not more than (i) failures occ~ in (tAl i) ho~s. Define (tRI) as the

standardized rejection time. so that equipment is rejected if’at least (i) failures occur at or before
(t~l, ) hours. Together, (t*l) and (tRI)are the stand~dized termination times. The ac~al
termination times are obtained bj”muitipl)”ing the standardized termination times b)- I The
standardized lower test MTBF is assumed w equal i.
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5.9.7J ~ew
,.

i TABLE IXA presents conservative ( 1 -y) 100
percent standardized lower confidence limits (e L(y,i)) and (1 - y) 100 percent standardized upper
confidence limits (e 1U(y,i))on the MTBF for all tests terminated by an accept decision using Test
Plans 1-D through VIII-D for y = .5, .3, .2,.1, .05. A conservative two-sided ( 1- 2y) 100 percent
standardized confidence interval is (61L(y,i),0]U(y,i)). ActuaI limits and intervals are obtained by
multiplying (6‘L(y,i)) and (e iU(y,i)) by the lower test MTBF (61). That is:

e;(v) =6, e;(Y,i).

8: (YJ) =9,8~ (Y,i)

5.9.7.1.1 -e: b~ boa . The following example is based on a production
reliability acceptance test of a black box X for an aircraft. The example can be stated as follows:

The Government agrees to accept a monthly production lot of 40 units with probability 1- a =
0,8, if the true MTBF eO= 100 hours and will reject the lot with probability 1- ~ =0.8, if the true
MTBF e] =50 hours. The designated risks are thus a = ~ = 0.2, and the discrimination ratio (d)
= 100/50 = 2. Consequently, Test Plan IV-D must be used. The required minimum sample size
is three units. From FIGURE 12, the lot is accepted with Oftilures after tAf)91 = 2.8 x 50 hours
= 140 hours, or with 1 failure after t*l el =4. 18 x 50 hours= 209 hours, and soon, since t*~= 2.8.
t*l 91 =4. 18, and so forth, are the standardized acceptance times. Assume in the actua! test that
relevant failures occurred at 50 hours, 90 hours, 120 hours, 250 hours, and 390 hours of
accumulated test time. The accept and reject times at each of the failures determined from
FIGURE 12 areas follows:

o 2.80x50= 140 -
1 4.18x50=209 50
2 0.7 x50= 35 5.58 X50= 279 90
3 2.08 X 50= 104 6.96 X 50= 348 120
4 3.46 x 50= 173 8.34x50=417 250
5 4.86 X50= 243 9.74 X50= 487 390

This data indicates that the total accumulated times at 1,2,3,4, and 5 failures do not lead to
rejection, and the lot is accepted with 5 failures after 9.74 x 50 hours = 487 hours total test time
(t* = 9.74, therefore T~ = 9,74 x 0). Suppose that an 80 percent lower confidence limit on the
MTBF is desired. First find the consenative 80 percent standardized lower confidence limit
e’l,(y, i) = 0], (0.2.5) = 1.0459 from the appropriate en~ for Test Plan lV-D in TABLE IXA for
y = 0.2 and 5 failures. A conservati~)e 80 percent lower confidence limit on the M“l”13Fis 1.Lk15L1
x (11or 1.0459X 50 = 52.3 hours. Similarly, a conservative 80 percent upper confidence limit

9 s~~< ~ 50 = 1~6.] hours. tvherc 81[ (0.2.S)on the MTBF from T;jB1. E lXB is O](,(’/.i) x 0, = -.~--. . -
= 2,5225 comes from TABLE IX13 for y = ().2, i = 5.

1*/1
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5.9.7.2 ~
,. . .

. TABLES XA and XB present exact ( 1-y) 100
percent standardized lower confidence limits (O1~(y,t))and (1-y) 100 percent standardized upper _
confidence limits (e 1U(y,t))on the MTBF for Test Plans 1-Dthrough VIII-D terminated by a
reject decision for selected values of the standardized time (t) and y = .5,.3,.2,.1,, 05, A test may
be terminated by a reject decision at any time (t), once a required number of ftilures has
occurred. Therefore, it is impossible to tabulate confidence limits for all possible outcomes. Use
linear interpolation for nontabulated values of standardized (t) where (t) equals the actual total
test time (T) divided by the lower test MTBF (81) or in special cases, use the X2 distribution for
exact limits. Consider the case where rejection of equipment occurs after (t(3~) hours of total test
time. If(t) exceeds the smallest value in TABLE XA, the ( 1 - y) 100 percent lower confidence
limit can be calculated as specified in a through c:

a. From TABLE ~ obtain (9]L(y,t])) and (9]L(y9tz))such that {t, } < t < {tz} and
{t]} is the largest table time less than t and {t2) is the smallest table time
greater than t.

b. By simple interpolation find:

e’~(y,t) = e’~ (y,t,) + (ej (y,tJ - e’~ (y,t,)) (t - tJ/t#,

c. The actual ( I -y)100 percent lower confidence limit on the MTBF based on a
rejection after (te] ) hours then

e~(y,f) = e,e]~(y,f)

If(t) is smaller than the smallest \’alue in TABLE XA use the relationship
between the X2 and the Poisson distributions to calculate the (1 - y) 100
percent standardized lower confidence limit on the MT13Fas follows:

where X ~l_7);2iis the (1 -y) 100th percentile of the X2 distribution with (2i)
degrees of freedom, and (i) is the number of failures which lead to rejection at
time (tOl)

Then:

e~(y,f) = (@’(y}f)

Similarly calculate a (1- y) 100 percent standardized upper confidence limit
(()’~J(y,t))on MTBF bv interpolation if([) exceeds the smallest value in
TABLE XB. “

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

01!(yqt)= z~x2y.2i

where X2Y;2iis the y 10Othpercentile of the X2distribution with (2i) degrees
of freedom. A ( 1- Zy) ]00 percent confidence inten’al on the MTBF for a test
terminated by rejection afler (tel ) hours is

‘e] 6L(y,t) ‘e] Bu(y,/)>

5.9.7.2.1 ~ . Suppose that in the previous example fai)ures occurred
afier 50 hours, 90 hours, 120 hours, and 150 hours total test time.

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

.
er of M

o - 2.80 X 50 = 140
1 4.18x50=209 50
2 0.7 x50= 35 5.58 X50= 279 90
3 2.08 x50= 104 6.96 X50= 348 120
4 3.46x50=173 8.34x50=417 150

From these tabulated values it can be seen that Test Plan IV-D does not require rejection after 1,
2, or 3 failures, nor acceptance before 150 hours. However, the lot is rejected afler the fourth
failure (that is, 150 hours) since it occurs before t~AxOi= 3.46x50 = 173 hours. The ~’aluet~q=
3,46 is taken from FIGURE 12, An 80 percent lower confidence limit on the MTBF is calculated
as specified in a and b:

a.

b.

First find e’~(y,t) = e’~ (0.2,3) where t = T/81 = 150150 = 3. In TABLE XA,
t] =2.80 with el@.2,2.8) = 0.5646 and tz = 3.46 with 6’~(0.2, 3.46) =
0.6644. Using the equation in 4.6.7.2b, calculate 0’~ (0.2,3)= 0.595 by
interpolation. An 80 percent lower confidence limit on the MTBF given a
rejection *r 3x(lI = 150 hours is O’L(0.2, 3) x = 0.595 x50= 29.7 hours.
Similarly, calculate an 80 percent upper confidence limit. From TABLE XB
obtain 01u=(0.2,2.8) = 1.5517and O1u(0.2,3,46) = 1.7379, giving O’u (0.2,3)
= 1.608. An upper confidence limit on the MTBF given a rejection after 150
hours is (l’u (0.2, 3)x Ell= 1,608 x 50= 80.4 hours.

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

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

-1(1/01) - wo~li
p (d - (e#3Jr●

where:

EIO= upper test MTBF

81 = lower test MTBF

r = number of failures

f = test halt time

b. Set p(r) (1 - ~)/a

where:

P= consumer’s risk

a = producer’s risk

c. Compute the new va)ue of ~ = ~’, from the equation in step bat the same (CE)
level.

d. (3’is an effective consumer’s risk at any time, (t).

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 test to be halted. If
the test appears to be heading towards an early acceptance the Program Manager may permit an
eariy acceptance if the value of consumer% risk is not seriously increased. The final decision can
only be made after the costs of additional testing are weighed against the increased risks of early
acceptance.

5.10 ~d~. Fixed-duration tests offer a distinct advantage for program
planning, namely, prior knowledge of test duration which permits program planners to perform
trade-off studies between test duration, consumer’s and producer’s risk, (6.) and (e, ), See the
discussion in Reference 10.

5.10.1 e. The following svmbols are used in the equations defining fixed-
duration test plans discussed in 5.10: -

45
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T= test termination time
k= number of failures
a = accept number
r = reject number
c= confidence
Tj = accept time if(j) failures have occurred to that time

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

J-P=

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

me,)%-%

P-i
&-o &!

Note that the accept (a) number is related to the reject (r) number by a = r -1 to ensure that the
test reaches a decision in the allotted test time. This relationship between (a) and (r) means that
the solution of the pair of defining equations used must be obtained by an iterative process. The
minimum possible test time can be found in the accept equation by substituting a = Oand the
appropriate values for ~ and 9]. However, this value of(T) substituted in the reject quation,
together with 9, and r = 1, will normally yield a value of(a) which is too large, indicating that
(T) is too small. The value of (a) is increased by 1, again solving for (T). This value of (T) and
the new r = a + 1 are then substituted in the equation for (a): this process is repeated until the
J’aluc of(u) is less than. or equal to, the required (u). The \ alues of (T. a, ad r) in this final
calculation constitute the decision rule for the desired plan.
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5.10.2 ~oblem. Assume that a plan with a = ~ = 0.2 and d = 2 is required [O
test for 01 = 500 hours. Using the cumulative Poisson table in Reference 11 to solve the equation
for 1- ~ with a = 0,(1 - ~)= 0.80. and 01= 500. a value of 1.60 or 800 hours is obtained.
Substituting T = 800, r=l, andeO= 1000 in the equation for (a) yields a = 0.55. Since this is –
too large, a is increased to 1 for which T is 3.08, or 1500 hours. Using T = 1500 hours. r = 2,
and eO= 1000 in the equation for (a) results in a ‘0.44, which is still too large. Continuing this
process, it is finally determined that a = 5, r = 6, and T = 7.8 Ell,or 3900 hours. This will
produce an a = 0.2 so that the test decision de is T = 3900, a = 5, r =6, or test for 3900 hours:
accept if 5 or less failures are observed, and reject if 6 or mom failures are observed (see
FIGURE 17).

5.10.3 ~ Oc curv~
.. . Twelve of the most frequently

used or standard Test Plans IX-D to XVI 1-Dand XIX-D to ~1-D are summarized in TABLES
XI and XII, respectively. These plans provide a considerable range of alternatives for test
construction. The corresponding OC curves are shown in FIGURES 23 to 34. The Poisson
formula for computing the OC curves is repeated below:

‘- * (~fo)~ _T@
P(e)= ~ ~e

&=()

where:

P(e) = probability of accepting items with an MTBF of El

r = critical (reject) number of failures

T = test termination time

The quantity (r) is determined so that:

P(OO)~ 1- a und/P(OI) z

5.10.4 ~d-d~ , The alternative plans provide a
comprehensive set of fixed-duration plans for 10 percent. 20 pement, and 30 percent consumer’s
risk (~), covering a wide range of test times. These plans are presented in FIGURES 18 through
20.

5.10.4.1 ~
. 1 . In order to derive a fixed-duration test plan

from these figures, choose the consumers risk (~) and turn to the appropriate figure (FIGURE 18
for 10 percent consumer’s risk, for example). Based on the test time available. select the test
criteria u’hichbest appl:’ to the situation For example. a test plan \vith a consumer’s risk of 10

percent and a total test time not to exceed 9.3 multiples of the lower test MTBF is desired. In
FIGURE 18. under column heading the TOTA1, TEST ‘1’IME[T) (multiples of~l ). find the tes(
[Ime CIOSCSI(o 9,3 t~hlch does nor exceed II In this case. the test time would tw 9.27 mult]ples

h —
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of (01) Reading across the row corresponding to 9.27, the test plan number is 10-6. This test plan
will accept equipment if S or less failures occur during the 9.27 x el hours of testing. Jt wil I
reject the equipment if 6 or more failures occur during that period. The row also defines the
worst case (accept with 5 failures) acceptable observed MTBF (e), which for Test Plan 10-6 is
1,55 multiples of (O1). The discrimination ratios conesponding to producer’s risks of 10 percent,
20 percent, and 30 percent are provided in the last three columns. Again, in the case of Test Plan
10-6 for a producer’s risk of 30 percent, the discrimination ratio is 2.05:1. Similarly, for a
producer’s risk of 10 percent, the discrimination ratio is 2.94:1. The procuring activity should
select test plans from these tables if it is felt that such a test plan is more appropriate than the
standard pkms.

5.10.5 J’MTBFes~ed -
. ●

. When the procuring activity must
have a statistical basis for determining contractual compliance; and a basis for estimating the
field service MTBF values, a fixed-duration test plan must be used. Where required, all agencies
conducting reliability tests under the provisions of this handbook should provide the procuring
activity with cument values of demonstrated MTBF (6) in each required test report.

5.10.6 ~st Vk
.

. Since they are assumptions rather than test
results, neither the upper test MTBF (eo) nor the lower test MTBF (e 1)of any test plan can be
used to estimate demonstrated MTBF. The demonstrated MTBF (e) must be calculated from
demonstrated test results. Producer’s risk (a) and consumer’s risk (~) are excluded from these
calculations since they refer to the probability of passing or failing the test rather than to the
probable range of true MT’BF demonstrated during the test. However, the test parameter values
(eO fll a,~) should be provided.,.

5.10.7 ~
. r . In order to obtain an interval estimate of the

demonstrated MTBF, the procuring activity must speci~ the cotildence interval. The
confidence interval is equal to (100 - 2P) percent. For example, given ~ equals 10 percent, the
confidence interval equals 100-(2)( 10), which equals 80 percent.

5.10.8 ~F ~
. . .

. When a fixed-duration test plan
is specified, an interval estimate of the demonstrated MTBF of the test sample can be estimated
within the specified cotildence interval. When a test report is due, the activity conducting the
test should estimate the MTBF and confidence interval using the procedures specified in 5.10.8.1
through 5.10.8.2.1.

5.10.8.1 wRF~
.

. This estimation can be made when a
test is in process or has terminated in a reject decision. The procedure is as specified in a through
e.

a. Calculate the observed MTBF (~) by dividing the total operating time of the
equipment at the occurrence of the most recent chargeable failure by the
number of chargeable failures.
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Enter TABLE X111or FIGURE XXI with total failures and the specified
confidence interval. Read the Iower and upper confidence multiplier for that
number of failures.
Multiply observed MTBF (6) calculated by step a by both the upper and lower –
cotildence limit multipliers to obtain the lower and upper demonstrated
MTBF values.
Record demonstrated MTBF as the specified percentage of confidence,
followed by the lower and upper MTBF values in parenthesis:%= XX
percent (lower limit MTBF, upper limit MTBF). MTBF values should be
rounded off to the nearest whole number.
If the values are not available in TABLE XIII or FIGURE 21, then the correct
values can be obtained by computation as follows:

MTBF multiplier

2r= lower limits

X:*-CM;*

= 2r upper limits

X:, +,n; z

where:

r = number of failures

Xz= chi-square distribution

c = cofi]dence interval (percent per 100 )

le ~ occurT~.
.

The specified confidence interval is 80
percent; therefore (1 + c)/2 = 0.9 and ( 1;c)/2 = 0.1. The seventh failure occurs at 820 hours total
test time. Therefore, observed MTBF (0) is 117.14 hours. Enter TABLE XIII (or FIGURE21 )
with seven failures and the 90 percent upper and lower limits and find the lower limit multiplier
of 0.665 and an upper limit multiplier of 1.797. The product of these multipliers with the
observed MTBF yields a lower limit MTBF of 77.9 hours and an upper limit MTBF of 210.5
hours. There is an 80 percent probability that the tie MT13Fwill be bounded by this interval.
There is also a 90 percent probability that the true MTBF of the sample equipment is equal to or
greater than 77.9 hours, and a 90 percent probability that it is equal to or less than 210.5 hours.
Demonstrated MTBF at this point in the test will be reported as: 0 = 80 percent (78/211) hours:

5.10.8.2 JvlT13Fes-at ~ The calculation of a through e should he made
when the test is terminated in an accept decision.

—
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a. Calculate the observed MTBF (6) by dividing the total operating time of th~
equipment by the number of chargeable failures .

b. Enter TABLE XIV or FIGURE 21 with total failures and the specified
confidence interval. Read out the lower and upper confidence multipliers for
that number of failures.

c. Multiply observed MTBF (6) (calculated in a) by both the upper and lower
confidence multipliers to obtain the lower md upper demonstrated MTBF
values.

d. Record demonstrated MTBF as the specified percentage of confidence
followed by the lower and upper MTBF values ii parenthesis: @= XX
percent (lower limit MTBF, upper limit MTBF). MTBF values will be
rounded off to the nearest whole number.

e. If the values are not available in TABLE XIV or FIGURE 21, then the correct
values can be obtained by computation as follows:

MTBF multiplier

= 2r lower limits

2r= upper limits

x;, +c,n.2r*

where:

r = number of failures

~ = chi-square distribution

c = confidence interval (percent per 100)

5.10.8.2.1 ~ . The specified confidence interval is 80 percent. The
test reached an accept decision after 920 ~ours of testing with seven failures oecuming during
that period. Therefore, the observed MTBF (6) is 131 hours. Enter TABLE XIV with seven
ftiiures and the 90 percent upper and lower limits and find the a lower limit multiplier of 0.595
and an upper limit multiplier of 1,797. The product of these multipliers with the observed h?lTBF
(0) yields a lower limit MTBF of 78.2 hours and an upper limit MTBF of 236 hours. There is an
80 percent probability that the true MTBF is bounded by this interval. There also is a 90 percent
probability that true MTBF of the sample equipment is equal to or greater than 78 hours, and a
90 percent probability that it is equal to or Iess than 236 hours, The demonstrated MTBF at the
end of the test will be repotie~ as 6 = 80 percent (78/236) hours.
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5.10.9 ~emdkm!um . The contractor (or test agency. if other than
the contractor) should be responsible for providing demonstrated MTBF under test conditions.
The procwing activity should be responsible for projecting expected MTBF under field service _
conditions. This responsibility can be delegated to the contractor (or test activity. if other than
the contractor) when so specified in the contract.

5.10.10 ~lsil f . The standard fixed-
duration test plms are characterized by their discrimination ratio (d), total test time (T), and
maximum allowable number of failures to accept (k). If a fixed-duration test plan is selected, the
total test duration is set in advance. The only way these plans can terminate early is by rejection.
For example, Test Plan XVII-D terminates with a reject decision at the third failure if this failure
occurs before 4.3 units of total test time. An accept decision can only be made when 4.3 units of
total test time have been completed. Even if the second failure occurs very early, an early reject
decision cannot be made; nor can an early accept decision be made if no failures have occurred,
for example, by 4.0 units of total test time. In both of these situations, an early decision would
lack statistical validity by failing to guarantee the OC of the selected plan. Also, an early reject
decision by the consumer would probably violate contractual agreements with the producer.
However, an early accept decision by the consumer would not be subject to such an objection.
Such a decision might appear to be very desirable to the consumer (Government) if test costs
were high or if schedule deadlines were approaching. Modifications to the standard fixed-
duration test plans which allow early accept decisions to be made without sacrificing statistical
validity (see Reference 12) are provided in 5.10.10.1 through 5.10.10.3. The proposed plans
differ from the probability ratio sequential tests in this handbook in that rejection is permitted
only after a fixed number of failures have been observed.

5.10.10.1 &&Quims. The accePt times (Tj) of the Program Manager’s assessment are
tabulated in TABLE XV in multiples of (f31). Acceptance occurs if not more than (j) failures
have occurred to that time.

5.10.10.2 ~
o

. TABLE XVI indicates how
the consumer’s and producer’s risks are modified by the Program Manager’s assessment fixed-
duration tests. TABLE XVII compares the maximum test times and number of failures to reject.

5.10.10.3 QC CJKWS.FIGURES 22 through 34 provide cmes of expected test duration
versus true MTBF for the Program Manager’s assessment fixedduration tests.

5.11 ~.
● . ● .

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 procuring activity) must
undergo a reliability lot acceptance test. The plan depicted in FIGURE 35 includes a reject line
and a boundary 1inc. Both lines may extend as far as necessary to cover the total test time
required for the production run. The reject and boundary line equations are the same respectively
as those for the reject and accept lines of Sequential Test Plan 111-D.The equation of the reject
line is iR= 0.72”1’+ 2.50 where (T) is cumulative test time in multiples of 101). and (f) is the
cumulative number of failures. The plotting ordinate is for failures and the abscissa is for —
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multiples of(Ol), the lower test MTBF. The boundary line is 5.67 failures below and paraIlel to
the reject line. The equation is fn = 0.72T -3.17. FIGURE 36 presents the OC curves.

5.11.1 ~
.

. The test duration for each equipment should be specified in the test
procedure and approved by the procuring activity. Unless otherwise specified by the procuring
activity, the maximum duration should be 50 hours and the minimum duration should be 20
hours where time is counted to the next higher integral number of complete test cycles. If a
failure occurs in the last test cycle, the unit should be repaired and another complete test cycle
run to verify the repair.

5.11.2 ~. When Test Plan XVIII-D is used, all production units should be
subjected to the environmental test conditions in the approved test procedure. Cumulative
equipment operating time and equipment failures should be recorded, plotted on the chart of the
test plan, and evaluated in accordance with the criteria of FIGURE 35 and 5.11.3 through
5.11.3.3.

5.11.3 -t-re~ for w e~ test
.- . Accept-reject criteria for the all-

equipment test is stated in 5.11 .3.1 through 5.11.3.3.

5*11*3*1AwQtaxu. If the specified test time is completed without reaching the reject
line, all of the equipment which the lot under test comprises are considered to be acceptable,
provided that each equipment conforms to the specified normal pefiorma.nce acceptance test
criteria.

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

5.11.3.3 ~
.

● If the plot of ftilures-versus-time crosses below
the boundary line and the next failure point is at least one failure interval below the boundary
line, the plot should be brought vertically up to the boundary line. If the failure point is less than
one failure interval below the boundary line, the plot should be brought vertically up one failure
interval, crossing the boundary line. This is equivalent to censoring test time as necessary at
each ftiiure in order to maintain a failure plot without crossing the boundary line. Therefore, the
test time plot will not represent true accurmdated test time. All test time should be recorded in
the test log to maintain the capability to determine true accumulated test time. An accurate or
true plot of accumulated test time and failures should be maintained on the same chart by
continuing the plot into the region beyond the boundary line. In order to maintain the proper
reject criteria, the first failure occurring after the boundary line is crossed should be shified
vertically to the boundary line to start a second plot (dotted line) within the accept and continue
test region. if failures occur ofien enough. lf another failure does not occur for an extended
period of time. there would be no second plot and the original true plot should be continued. The
nexi failure should be plotted on the bounda~ line directly above the true plotted point (failure 7
of FIGURE 36). When several failures occur in rapid succession. the second plot (dotted line

9.*A . -.. , . . . . .
F-. . ___ 2A–—. 4**.
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with failures vertically spaced at exact single failure intervals) would reach the reject line. and
testing would be terminated and corrective action undertaken. Afier the approved cowective
action is comp!eted, the testing should be resumed and the true plot continued. The cumulative -
number of failures and time shown by the true plot would be read directly horn the failure and
time scales. The failures plotted on or above the boundary line after the time plot crossed the
boundary Iine must be labeled since the number could not be read from the ordinate. After a
reject occurs and comective action is approved, the true plot should be returned to the boundary
line. Continue the true plot in real time, and sequentially number the subsequent failures as
shown on failure 16 of FIGURE 36.

5.11.4 ~
. . . .

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

5.12 ~
.

. A step-by-step summary of the
procedure which can be used to combine test data horn fixed-dumtion tests or a PRST is
provided in 5.12.1 and 5.12.2. The technique is called the approximately optimum (AO) method
and is described in greater detail in References 13, 14, and 15.

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

a. Step 1: Veri~ method requirements. The conformance to the requirements of 1
through 5 should be verified. Any violations will tiect the optimality of the
method.

1.

2.
3.

4.

The procedure was derived for series subsystems; for practical purposes it is
sufficient that all subsystems are essential to system operation.
Subsystems should each exhibit exponential failure distributions.
Subsystems should be statistically independent; that is, the ftilure of any one
subsystem will not induce a failure of another subsystem. In addition. there
should be no appreciable failure rates due to interfaces (hydraulics, cabling,
fixtures, and so forth).
Each subsystem must have been tested separately until at least one failure
was observed. All tests must have been terminated at a failure. lf the tests



b.

c.

5.
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were truncated after a given time. discard all the sur~’ivaltime after the last
failure of each subsystem. If one or more subsystems have no failures. see
5.12.6.
The time to failure for each subsystem must be known.

Step 2: Initial calculations. Calculate and veri~ the total number of
subsystems tested, the total 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:

&

k

where:

. = observed number of failures for subsystem
‘J

Zj = total time on test for subsystem j

Zil, = 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 (~)
to which the bound will apply.

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

EQ=+f#+-fi +n(’#’~]
where:

R.(tH,) = A() system reliability}bound

tm = mission time
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m. v = parameters calculated in c (step 3)

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

(1-a) = required confidence

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

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

First, the system failure rate is estimated by:

where:

$s = system failure rate estimate

$j = jth subsvstem failure rate estimate.

ej = jth subsystem MTBF estimate ( = 1/ $j)

MTBF = mean-time-be~een-failures

and where the (Oj)may be computed from:

4.=r./Z
JJ1

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

. . -- a–a u

—
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in = natural logarithm function

5.12.2 ~ . Numerical examples have been developed to illustrate the
application of the AO approach and the verification
development from the data collection and reduction
bound will be presented.

Assume that the system cannot be tested as a whole
components or integrated subsystems (for example,

of the model requirements. A complete
phase to the calculation of the desired AO

because of costs. Therefore, its n
5) will be tested separately.

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

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

Assume that for the example system we have actually obsemed the failure times (t,), expressed
in units of (eo) listed in TABLE XVTTI.For example, for Subsystem 1 there were (n])= 10 units
simultaneously put on test and the first four failures occurred, respectively, at standardized times
(tl) of 0.619,0.7,0.9, and 1.1 (for i = 1,2,3,4)
1100 actual life hours). The test for Subs}’stem
1100 actual life hours, and the total time on tes[

in units of (8.) (that is, at 619, 700, 900. and
1 w-asstopped at the time of the fourth failure.
for Subsystem 1 is recorded as:

4

L21= - ti+(lo-4)t4
i=~

=0.619+0.7+0.9+1.1+(6x1.1)

= 9.919 in units of ((lo)

The total times on test (Zj)$for subsystems j =2, 3,4, and 5, were calculated in the same manner
and tabuhtted in TABLE XVIII.

Subsystem 1 yielded the smallest total time on test. In general, at this stage, an inspection should
be made and the subsystem with the smallest tots! time on test (regardless of total number of
units, on tcs~ or failed) should bc recorded and renamed as Subs)’stem 1 Hence. its total time on
test will now become (Zt I~). This step k crucial since the ordering of the smallest total time on
test as anything other than (Zf,,) will change the value of the lower bound. An example of an
error of this tj’pc is pro\ ’ided in 5.12.5. Once data collection and reduction is performed. the A()
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procedure can be used to obtain a lower bound, for the reliability of the entire system. In order to
calculate the AO system reliability bound, use:

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

A

m= ~ [( r.- 1)/zj] + 2(;:
J

Jax]

3 1 1 2 2 1
‘~ + 15.966 + 26,897 + 26.511 + G + ~

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

= 0.6103

&
v- ~ [( r.- 1 )/2;] + 2(;;J

j=l

3 1 1 2 2 1
998.387 + 255.872 ● 723.449 + 702.833 + 3898.63 + g=

= 0.305 + 0.0039 + 0.0014 + 0.0028 + 0.0005 + 0.0)02

= 0.0493

Therefore:

m= 0.6103

v = 0.0493

At this time it is necessary to decide upon the level of confidence (1 - a), level of significance
(a), with which the lower bound will be obtained:

Assume first that a level of confidence of 75 percent (that is, our estimated lower system
reliability bound) will in fact be below the real system reliabili~ value at least 75 percent of the
time given the total times on test (Zj)s j ~ n obtained herein. For this case, we look up the 75th

percentile, nil. ~Jin a statistical table for the standardized normal distribution and obtain:

Assuming that the specified mission time for the whole system is OfJ= 1000 hours (or ~ = 1.0).
we calculate the AC)reliability bound as follows:

. ..- . . ---- .-. - .. .-. . . . . .
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for n(l.n)= 0.68. that is. a = 0.25 and t~ = 1,0 (mission time)

~~’’.’=l’’l-’.+:+*3I
= cxp[- 1.0 X 0.6103(1 -0.0493/9 (0.6103)2+ 0.68~/3 (0.6103))31

= exp [-0.6103 (1 - 0.0147+ 0.68 (0.2220)/1 .8309 )3]

= exp [-0.6103 x 1.06783]

= exp [-0.7430]

= 0.476

Another system reliability bound which will be below the real system reliability value only 50
percent of the time can be calculated as before, but now use, instead, the 50th percentile in a
standardized normal distribution table. This value is, of course, zero. This bound will be larger
than the previous one since it will bound the real system reliability value a smaller percentage of
the times. It is obtained by repeating the procedure already described with the same parameters
(m) and (v), since it is for the same system. and the same mission time (~), since requirements
for (9.) have not changed, and with the new percentile (n):

for:

n[l~) = O.O,/hu/ is, a = 0.5, 1~= 1.0

ltc (cJ =eq [-0.6103 (1 - 000493/9(0.6103)2+ 0.0 al 3 (0.6103))s1

= exp [-0.6103 (1 - 0.0147+ 0)3]

= exp [-0.6103 x 0.98533]

= exp [-0.5838]

= 0.558

5.12.3 ~of~vone~
. .

. Considering the formulae for
the parameters (m) and (v). we can easily conclude that for every subsystem ~) with only one
ubscx~CJ failure (th~t is. ri - 1 -- 0) k infui-matiui~pru~idedby this subsysienl LOtile rcliabilil}
bound is zero (that is. (ri - 1 )/Zj = 0). That is, no matter what time a failure occurred in
subsystem (j). the term (r - 1)’7,i vanishes in the equations for (m) and (v) and has no impact m

the uaiculationof the A(.)’reiiabillt}bound (R$(L~)). ‘l’hiswas par[iculariy criticai in the originai.
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version of(m) and (’v),(see Reference 13, Table 2. Fonda 1), and created a need for the
adaptive procedure. Formula 1 refers to the special case where only one failure is observed
during the testing of all subsystems integrating the system, The main problem with Formula ] is _
that. when rj = 1 for 1 <j <n, the term:

which is indeterminate (that is, when each subsystem has experienced only one failure). With
the general version for (m) and (v) proposed in References 14 and 15 and suggested in those
references as the most appropriate one, this situation does not arise. In fact, if rj = 1,1 <j <n, then
m =21 and v =21 are still well defined. We can appreciate also the importance of renaming the
subsystem with the smallest total time on test among all subsystems under consideration, as Z1.
For this special case, take the same numerical example presented in 4.9.2 and modified as
follows:

tl = 0.619 t, = 1.146 t, = 2.6897
t* = 0.7 t* = 1.65
tj = 0.9
t~=1.1
Z, =9.919 Z2 = 15.996 ZJ = 26.897
nl =10 nz= 10 n~=10
rl=4 r2=2 r3=l

The system is now composed only of Subsystems 1,2 and 3, with the same number of failures
and failure times for Subsystems 1 and 2 as before. However, Subsystem 3 now has only one
failure at the truncation time, 2.6897, in units of (6.) (that is, the test was stopped at the time of
the first failure).

Calculations of(m) and (v) are:

(4-1) (2-1) (1-1) 1— ,—,
= ~ + 15.996 + 26.897 + =

= 0,3024 + 0.0625 + 0.0+ (.).1008

= .46S7

●“tm — n+.,.- A+ - “-.,.-,.” -am -a--- ..m -. -.1-- n.,”+,-,-”. -11 h., ,-. -.,AA. A---- A —.-. -..— 1,. .,-1 -+
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jm~

(4-1) (2-1) (1-1) 1—— —
= m + 255.872 + 723.449 + 98.387

= 0.0305 + 0.0039+ 0.0102

= 0.0446

With these values of(m) and (v) we can calculate a 50 percent AO lower system reliability
bound for the specified mission time 00= 1000 hours (~= 1.0 in units of 6.). mUS:

RJfm) = exp

Jor !W=

(
n(l JG 3v

-tmxm l-— +-

9m2 ,3m )1

.o and q lm)=O,Ihat is, a = 0.5

R&lm)=q[-O.4657(1 -0.0446/9(0.4657)2+0.0)3]

= exp[O.4657( 1-0.0228)3]

= C.YP[-0.4657X 0.97723]

= exp[-O.4345]”

= 0.6476

To calcuiate the lower confidence bound for a level of significance of 75 percent, apply the
procedure used to calculate a 50 percent lower system reliability bound. That is, for the 75th
percentile, ~1. =,= ~ 75= 0.68, we have:

for ~ = 1.0 and n~l+)= 0.68, that is, a = 0.25

&,( fJc@-O.4657(1 - 0.0446/9(0.4657)2+ 0.68 -/3(0 .4657))3]

= exp[-O.4657(1-0.0228 + 0.1436/1 .3971)3]

= exp[-O.4657xl .08003]

- cxp[-0,5866]
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=0.5562

5.12.4 ~of~.
.

Ofien, reliability engineers are
interested in the estimated system failure rate ($) as well as in the estimated reliability (1~(1~))of
the system, given a mission time (t~).

Assuming that all the conditions are met and following the notation of Reference 13:

+,- i 4j=~ e,-’
j-l j-l

where:

$j = jth subsystem failure rate

ej = jth subsystem MTBF

Therefore, an estimator ($J of the upper bound for the total system failure rate ( - will be:

$j = ‘zn[~~(f~)]if~

where (ILJtJ) is the AO estimator of the system reliability lower bound calculated in 5.12.1 and
5.12.2; (t.J 5 the specified mission time and (in) is the natural logarithm. This ($J failure rate
upper bound is subject to the same constraints used in obtaining (~(tJ), that is, same level of
coti~dence, dependence on same total tha on t=t (Zj), d d c)tkI COIIS&iiihSdkh. AS
an illustration of this procedure, assume we want to obtain an estimate (&) of the upper bound of
system failure rate (OJ for the two examples developed in 5.12.1 and 5.12.2. Examples are as
specified in a and b:

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

$ 0.4767
=-in — =0.74296 faihmzper 1000houns 1.0

is a 75 percent upper confidence bound for total system failure rate (that is, this
bound will be larger than the actual system failure rate at least 75 percent of the
time).

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

4,=-~~‘“;:8=0.58375 /aifumsper1000 hours
●

—.
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that is. the actual system failure rate ($~)will be exceeded by the ‘hbove cst imate
($,) at least 50 percent of the time.

5.12.5 ~
.

. Cautions regarding the use of the AO
methodology and suggestions for dealing with deviations from the requirements are as provided
in a through E

a.

b.

c.

d.

e.

The exponentiality of the statistical distribution of the times-to-failure and the
independence of the subsystems should be carefidly checked. Both
requirements represent ideal conditions. However, they can be justified in
practice. For example, the exponential distribution requirement can be
justified by using burn-in and quaiity control procedures for the subsystem’s
critical components. The subsystem’s independence requirement can be
justified by the technical knowledge that actual subsystem interfaces negligibly
affect reliability. When either of these two conditions is gravely suspect, the
present AO procedure should not be applied: If it is absolutely necessary to
use the present AO procedure, then extreme caution is required and the results
should be interpreted with great care.
This caution relates to the termination times of the different subsystem tests.
All tests should be failure truncated, that is, terminated at the occurrence of a
failure (Type II censoring). Mixtures of Types I and 11censoring schemes are
not recommended. If, in a given subsystem test, the test truncation time is
other than a failure time, it is recommended that the last failure time before
truncation be taken as the actual truncation time (see 5.12. 1).
The ordering of the data is very important for the correct application of the AO
procedure. The subsystem with the least total time on test must always be
recorded as Subsystem 1, and its total time on test, (Z(n), included in the last
terms of the calculation of (m) and (v) parameters. An example of the
consequences for noncompliance with this requirement is presented in
TABLES 19 and 20. Observe how the results vary consklerably due to (Z(lJ

not being the least total time on test among the subsystems.
The AO approach requires the observation of at kast one failure in each
subsystem. This is a very strict requirement and a must for the correct
application of this AO procedure. When dealing with high-cos~ ultra reliable
systems, the necessary time to obtain a failure in some of the component
subsystems may & too long. Also, the number of items on test for a given
subsystem to obtain a high probability of getting a failure before truncation
time may be too small. In practice, for some particular subsystem, testing may
have to be terminated before observing the first failure, but an engineering
assessment is still required.
Under the real life constraints of d. the use of an adaptive procedure will be
required in order to provide a gross approximation for the system reliability
bound,
(for the

Assume that a first failure has occurred at the time of test truncation
subsystem withou[ any prior observed failures) and calcuiate the lower

fwnnmv r mm mml -\- Iuhl I1l rnnP**-
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AO system reliability bound. This will provide a gross lower bound f’brthe
AO system reliability bound. Care should be taken not to use this procedure
where the total time on test for the subsystem is the smallest (that is, Z(,~).

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

5.12.6 ~
.

r . An example of the adaptive procedure for dealing with the
case of no observed failures for some subsystem is provided below (see Reference 13). Assume
that for the second subsystem, the test was terminated before the first failure occurred, that is:

z, = 17.607 Zz = 20.045 z~ = 33.644 z~=51 .495

nl=2 n2=l n3=2 n4=3

Z~= 82.214

n5=3

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

Assume that for Subsystem 2, the test was truncated before the first failure had occurred and the
corresponding total time on test for Subsystem 2 at the truncation time was Z2= 19.5

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

5.12.7 ~Ic~.
.

To consider a test truncated at other than a failure time, assume
that the Subsystem 3 test was truncated some time afler the first failure but before the second
failure, as depicted in FIGURE 45. Had we waited to observe the second failure, the values
obtained according to Reference 13 would be:

z, = 14.6i & = 35.971 Zj =62.542

nl =2 n2 =2 n3=3

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

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



MIL-HDBK-781

Z, = 14.61 z~ =35.971
nl=2 n2=2

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

An alternative adaptive procedure is to assume that time (T*) is the time of the second (last)
observed failure.

a.
b.

c,

Zj = 30,0
nl=l

This is not recommended because of the conditions specified in a through c:

There are existing failures in the test other than at (T*).
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
time.
Statistical properties of the bound are unnecessarily lost when truncation is
taken at any other time than at a failure.

5.12.8 ~ . A computer program was written to implement the AO
methodology. FORTIUN listings are included in FIGURES 152 through 154. The program is
self-contained and may be adapted for any computer with a FORTRAN compiler. The use of the
program requires the data specified in a through c:

a. Inputs:

k =

z, =

nfll) =

ZI =

‘qi) =

L’n=

P =

b. outputs:

Ml =

V1 =

hf~ =

~~ =

number of subsystems

total time on test for the subsystem with least total time on test

number of failures of the same (previous) subsystem

2<-i < k total time on test forth system

total number of failures for ith system

mission time desired in the reliability bound

percentile of the cotildence level desired in the reliability bound

parameters

parameters

parameters

parameters

--——-—---=---:+L-
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M3 = parameters

V3 = parameters

c. Reliability bounds: Of these resuIts, only the recommended values M2, V2, and
the comesponding bound are presently printed. The other results are inserted as
comments in the program. The user may activate them easily by removing the
comment command. An example run for the data provided in TABLE XXI is
given in TABLE XXII.

—
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6. COMBINEDENVIRONMENTALTEST C’ONDJTIONS

6.1 -. Section 6 provides guidance to individuals responsible for establishing the
combined environmental test. The data is presented in a manner which encourages tailoring to
specific systems, platforms, and operational environments.

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

6.2 ~ V~urvey
. .

.

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

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

. A thermal survey should be performed on one sample of the equipment
to be tested, under the temperature and duty cycle specified in the reliability test procedures. The
thermal survey should be used to identifi hot spots and the component of greatest thermal
inerti~ and to establish the time temperature relationship be~een the equipment and the
chamber air. These relationships should be used to determine the level of equipment thermal
stabilization. The lower test level temperature stabilization occurs when the temperature of the
point of the maximum thermal inertia is within 2°C of the lower test level temperature or the rate
of change is less than 2°C per hour. UpWr test level temperature stabilization occurs when the
temperature of the maximum thermal inertia point is within 2°C of the upper temperature level or
the rate of change is less than 2°Cper hour. Temperatures of equipment cooling air and chamber
air should be recorded continuously during both the survey and the tests. Should the results of
the thermal survey indicate local temperatures significantly higher than those predicted by the
final thermal design analysis or greater than those used for derating in the reliability prediction,
corrective action should be accomplished, verified, and approved prior to the start of reliability
testing.

Vib-urvey. A vibration survey should be performed on one sample of the
equipment to be tested to search for resonant conditions and design weaknesses. Unless
otherwise specified by the procuring activity, the vibration conditions should be those specified
in the reliability test procedures. Any failures which occur during vibration survey testing should
be reported. investigated. and analyzed for cause; and corrective action should be accomplished,
verified. and approved prior to the start of reliability testing. Equipment mounting for the
\’ibra(ion survey should simulate mounting in actual use.
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6.3 ~-cV~ ,0

. Mission and life-
cycle environmental profiles and test conditions are as provided in 6.3.1 and 6,3.2.

6.3.1 ~
● The mission profiles should be used -

to determine the environmental specifications and should be derived from the operational life
profile defined by the equipment or system operational requirements. If this information is not
provided in the original contractual documentation, provision should be made for the procuring
activity and the contractor to cooperatively derive the mission profiles and the equipment
environmental specifications. This derivation should make use of historical data on similar
equipment applications and mounting platforms and the effect of equipment location in the
platform should be accounted for. Each significant life-cycle event must be considered,
including transportation, handling, installation and checkout, and tactical missions including
platform category and operational situation.

6.3.2 ~
. .

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

6.4 ‘ ‘
..~. Equipments designed for

fixed-ground installations are generally located in a controlled envirmrnent within a building
and, therefore, do not require cyclic environmental testing (see Reference 16). However, since
this equipment must be transported to the fti installation site, a nominal vibration test should
be applied, with power OFF, before each reliability test. Contractually specific operating criteria
based on the guidelines in 6.4.1 through 6.4.4 maybe used in the test pkm md procedures. A
typical 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.

6.4.1 ~ . The equipment should be operated at nominal
design input voltage for 50 percent of the time and 25 percent of the time each at minimum and
maximum input voltages. The input voltage range. if not specified. should be +- 7 percent of the
nominal input voltage. The duration of the operating cycle should depend on the operational use
of the equipment; typically, four hours, eight hours, or 16 hours per day, or around-the-clock
continuous operation with periodic shutdowns for routine maintenance should be considered.
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The equipment duty cycle should be ON abwt 90 percent of the test cycle. The OFF periods
should be randomly selected.

. Normally$ vibration stress testing is not required during the operational
phase of the environmental profile. If the equipment is not packaged specificallyy for
transportation to the installation site, a nominal vibration stress, consisting of a single-frequency
sine-wave vibration at 2.2 gravitational acceleration units peak (g’s pk) at a nonresonant
frequency between 20 hertz (Hz) and 60 Hz, should be applied for 20 minutes before starting the
reliability test. If the equipment has specified shipping configuration, it should be qualified for
adequate shipping protection by packing it in that configuration and testing it prior to the
reliability test in accordance with the shipping vibration and shock expected.

6.4.2
temperature.

6.4.3
AR70-38 fo]

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

::

c.

d.

e.

Cold soak temperature: -54°C
Hot soak temperature: +85°C
If the equipment is installed in an occupied building with automatically
controlled air -conditioning and heating, use 25°C as the operating ambient
temperate. Computer equipment should be controlled at 20°C.
If the equipment is installed in a nonair-conditioned building where summer
heat may reach a high temperature, use 40°C as the operating ambient
temperature.
If the equipment is in an unoccupied, nonair-conditioned enclosure and in
semitropical or tropical locations, perform one-half of the testing at 60°C, one-
quarter at 40°C, and one-quarter at 20”C.

~. Humidity testing is not wuired unless specified in the contract. See
additional guidance for humidity testing.

6,5 ~
. .

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

6.5.1 ~o The equipment should be operated at nominal
design input voltage for 50 percent of the ON time, at minimum voltage for 25 percent of the ON
time. and at maximum voltage fbr 25 percent of the ON time. The input voltage range. if not
specified elsewhere. should be as specified in a through d:
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a. Wheeled vehicle equipment: ~ 10 percent of nominal or as specified by the
procuring activity.

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

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

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

The duration of the operational test cycle should be based on mission requirements and
equipment design control specification. The duty cycle should be ON 90 percent of the time and
OFF 10 percent of the time. The OFF periods should be randomly spaced. If designed for
continuous operation for an eight-hour shifi, the operating cycle should be eight hours with
complete shutdown before the next operation. This time period is long enough for the equipment
to stabilize at the ambient temperature.

6.5.2 yibr~. Unless otherwise specified by the procuring activity, the vibration
stress should follow general guidance is as specified in a through d:.

a. Wheeled vehicle equipment: 5 Hz to 200 Hz to 5 Hz for a maximum time of 5.5
hours, using a cycle of 12 minutes on each of three axes. Maximum g-level is
3.5 g. Maximum displacement is 1-inch double amplitude @A).

b. Tracked vehicle equipment: 5 Hz to 500 Hz to 5 Hz for a maximum time of 3
hours, using a cycle of 15 minutes on each of three axes. Maximum g-level is
4,2 g. Maximum displacement is 1- inch DA.

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

d. Manpack equipment: 5 Hz to 500 Hz to 5 Hz for a maximum of 3 hours, using
a cycle of 15 minutes on each of three axes. Maximum g-level is 4.2 g.
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 should only be applied for a portion of the operating cycle.

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

a, Cold soak temperature: - 54°C (start of normal cycle)
b. Hot soak temperature: + 85UC(every fi!lh cycle)

c. Operating temperature range: - 40°Cto + 55°C
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6.5.4 ~. Moisture levels sufficient to cause visible condensation and frosting
should be used when such conditions are expected in the field service environment of the
equipment under test. Humidity need not be held constant during the test cycle, and high levels
may be achieved by moisture injection at appropriate times in the test cycle.

6*6 ~
. . .

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

6.6.1 ~av~ su~. The combined environments experienced by Naval surface
crafi equipment depend on the location of the equipment onboard ship (see Reference 17).
Equipment mounted in unsheltered deck or superstructure and mast areas will experience more
severe environmental stresses. Categories of Naval surface craft equipment environments are as
specified in 6.6.1.1 through 6.6.1 .1.3 (see FIGURES 48 through 53).

6.6.1.1 ~
.

The suggested test profile for externally
mounted equipment is provided in 6.6.1 .1.1 ~ough 6.6.1.1.3.

6.6.1 .1.1 ~cY* . During the operating cycle, input voltage
should be varied between several levels as shown in FIGURES 48 and 49. Unless 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 voltage and room
temperature, minimum and maximum voltage should be applied during the operating cycle as
shown in FIGURES 48 and 49. The duty cycle is given also in FIGURES 47 and 48. The
equipment should be OFF about 10 percent of the time. Power should be ON during the cold and
hot soak periods.

6.6.1 .1.2 ~. The vibration stress should be applied according to the
schedule in FIGURES 48 md 49 on a 25 percent randomly selected duty cycle. The vibration
spectra should have the shape defined in FIGURE 54. The test should be run on a single axis
specified by the procuring activity.

6.6.1 .1.3 ~S~
. .

. The suggested temperature and humidity
profile for externally mounted equipment is provided in a through o below. All relative humidity
(RH) values are ~5

a.

b
c.

percent (RH):

Starting from 22°C and 25 percent to 75 percent W-I. 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.
Slowl) lower the temperature to -34.5{’(’over a period of 3.5 hours.
Slowl> raise the temperature to -281’Cover a period of 13 hours.

71



MIL-HDBK-781

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.
f. Raise the temperature to 25°C and the RI-l to 95 percent over a period of 2

hours.

k!*

h.

I.

J.
k.

m.

n.
o.

Hot and cold SO*S

Over the next 10 hours, slowly raise the temperature to 29°C with the RH
kept continuously at 95 percent and hold for 5 hours.
Slowly lower the temperature to 25°C over a period of the next 5 hours with
the RH kept continuously at 95 percent.
After 2 hours, lower the temperature to 22°C and the RH from 25 percent to
75 percent.
Afier 2 hours, raise the temperature to 25°C with an RH of 65 percent.
Over the next 12 hours, raise the temperature slowly to 48°C with an RH of
25 percent and hold for 2 hours.
Raise the temperature to 65°C (ON) and raise the RH to 95 percent and hold
for 2 hours. Drop the temperature to 48”C. Apply the hot soak only during
the first three cycles.
Over the next 9 hours, slow!y lower the temperature to 22°C and bring the
RH to 25 percent to 75 percent.
Repeat steps f through i six times.
Return to step a and repeat the cycle until the desired test duration is
obtained.

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

6.6. i .2 ~ The full profile for internally mounted equipment
is as shown on FIGURES 50 and51.

6.6.1 .2.1 ~ CV* . The electrical stress and duty cycle should
conform to 6.6.1.1.1.

6.6.1 .2.2 ~ . The vibration stress should conform to 6.6.1.1.2.

6.6.1 .2.3 ~ S-
. .

. The temperature and humidity stress profile
for internally mounted equipment is as specified in a through m:

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

b. Hold (3”Cfor 19.5 hours. then raise the temperature to 19°C over a period of
2 hours.

c. over a period of 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.
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f
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h.
1.

j.

k.

1.
m.
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Slowly during the next 10 hours. establish conditions of 4 1“C and 48 percent
RH; hold for S hours.
Slowly during a period of 5 hours, establish conditions of 37°C and SO
percent RH.
Hold 37°C for the next 2 hours, but lower the RH to 43 percent.
After 2 hours establish conditionsof41“C and 33 percent RH.
Slowly during the next 9 hours, establish conditions of 50”C and21 percent
RH; hold for 6 hours.
Rapidly raise the temperature to 65°C and the RH to 95 percent; hold for 2
hours (OFF). Lower temperature as rapidly as possible to 50”C. Apply the
hot soak only during the first three cycles.
Over the next 5 hours, slowly establish conditions of 22°C and 25 percent to
75 percent RH.
Repeat steps d through i six times.
Return to step a and repeat cycle until the desired test duration is obtained.

6.6.1.3 ~ .
● See FIGURES 52

and 53 for the M profile of the intemall y mounted equipment for temperature controlled space.

6.6.1 .3.1 ~v cv~ . The electrical stress and duty cycle for
internally mounted equipment in a temperature controlled space should conform to 6.6.1.1.1,

6.6.1 .3.2 ~. The vibration stress shouId conform to 6.6. ?.1.2.

6.6.1 .3.3 ~
. .

. The temperature and humidity stress
profile for internally mounted equipment in temperature controlled spaces is provided in-a
through i:

a.

b.

c.

d.
e.
f.

Starting from 22°C and 25 percent to 75 percent RH, lower the temperature
as rapidly as possible to -50”C (cold soak) and 25 percent RH; hold for 1.75
hours (OFF). Raise the temperature to 22°C as rapidly as possible. Return
the RH to 75 percent. Apply the cold soak only during the first three cycles.
Slowly over a period of 15 hours, establish conditions of 25°C and 30
percent RHO
Slowly over a period of 7 hours, establish conditions of 25°C and 30 percent
RH.
Repeat steps a through c six times.
Lower the temperature to O“Cin 1 hour; hold for 5 hours.
After 2 hours, establish conditions of 20”C and 46 percent N-I; hold for 6
hours.
Afier 2 hours. establish conditions of 50”C and 21 percent RH: hold for 4
hours. Raise the temperature as rapidly as possibk to 65”C; hold for 2 hours
(OFF). Decrease the temperature rapidly to 50”C. Apply the hot soak on
on])’ the first three cycles.
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h. Afier 2 hours, establish conditions of 22°C and 25 percent to 75 percent RH.
i. Return to step a and repeat the cycle until the desired test duration is

obtained.

6.6.2 ~aval ~ . The submarine profiles should be based on a 24-hour test cycle
which should be repeated for the duration of the test (see Reference 18j.

6.6.2.1 ~ cv~ . During the operating cycle, the input voltage
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 voltage and room temperature. Minimum voltage should be applied for the
initial period of the operating cycle and maximum voltage should be applied during the period of
highest ambient temperature. Nominal voltage should be applied for the balance of the cycle and
the duty cycle should be as shown in FIGURE 55.

6.6.2.2 ~. Submarine vibration stress levels are normally extremely low.
However, since vibration levels after battle damage and during transportation may be
considerably higher, the vibration stress of FIGURE 54 should 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
should be run on a single axis selected by the procuring activity. The battle damage spectrum
should be applied for 10 minutes during each 24-hour test cycle at the start of the vibration
cycling. The transportation spectrum should be applied for the remainder of the 3 hours, in 20-
minute intervals, with i ()-minute bmttks.

6.6.2.3 ~
. .

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

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

b.
c.
d.
e.
f.

&
h.

i.

J

k

Raise the temperature to -35°C;hold for 2 hours.
Raise the temperature to O“C;hold for 2 hours.
Raise the temperature to 22”C; hold for 6 hours.
Raise the temperature to 50”C and the RH to 95 percent; hold for 1 hour.
Raise the temperature to 65°C; hold for 2 hours (OFF). Hold the R.Hat 95
percent. Apply the hot soak only during the first three cycles.
Lower the temperature to 50°C and the RH to 65 percent; hold for 2 hours.
Lower the temperature to 22°C and raise the RH to 95 percent; hold for 4
hours.
Lower the temperature to O“Cand lower the RH to the 25 percent to 75 percent
range.
1rower the temperature to -35(’Cover a period o! 2 hours: hold the W in the
25 percent to 75 percent range for 1 hour.
Repeat the test pmfilc m directed b) the Program Manager-.
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u. Moisture levels are not a significant stress factor for equipment
installed in protected areas on submarines.

6.6.3 ~ . Marinecraft includes a variety of smaller crafi such as
landing craft and smaller vessels used on interior waterways. The environmental stress cycle for
marine craft is given in FIGURE 56 (see Reference 16). The test cycle duration should be 24
hours or an evenly divisible fraction thereof- The environments for testing small marine craft are
given in 6.6.3.1 through 6.6.3.4.

6.6.3.1 ~. Unless otherwise specified by the procuring activity. the marine
craft thermal stress environment should be constructed from a combination of the environments
in TABLE XXIII.

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

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

6.6.3.3 ~V CVW. A voltage variation of *1 Opercent is normal for
marine craft. A typical profile would be: 25 percent of the time at 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 activity, the duty cycle of input power should be 10 percent
OFF and 90 percent ON, in a preselected irregular pattern.

6.6.4 ~ V-.
.

Environmental test data which is appropriate for the
reliability testing of underwater vehicles is presented in Reference 19. Government Program
Managers and equipment developers are referred to Reference 19 for appropriate test data. It
should be noted that the data in this report applies only to the MK-50 torpedo; other systems may
require extrapolation of data.

6.7 ~
. ● .

. A combined-environments test
cycle should be used whenever possible for testing jet aircraft equipment. During this cycle the
thermal stress, vibratio~ humidity, and input voltage imposed on the test item should be varied
simultaneously. The specific test conditions will be determined by the type of aircrafl into which
the equipment is to be installed, its location within the aircraft, the aircrall mission profiles, the
equipment class designation, type of cooling for the compartment in which the equipment is
located (air-conditioned or ram air-cooled), and the type of equipment cooling (ambient or
supplemental air) which is being used (see Reference 20).

6.7.1 ~ . Each aircrafi type is designed to operate within a specific flight
envelope and to fly specific mission profiles. The environmental profiles used to test prototype
and production aircraft should be basedon these flight envelopes and profiles. When design
flight envelopes and flight mission profiles are not available, the generalized flight envelopes in
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FIGURES 57 through 62, and the tables incorporated into those figures, should be used for
developing mission profiles (altitude and speed versus time) for specific aircraft types. From
these mission profiles, reasonable and practical environmental test profiles may be developed.
The mission profiles are classified by special aspects such as phase altitude, phase Mach number,
phase duration, and transition rates between steady-state conditions. If mission profile
information is not available, the data in 6.7.2 through 6.7.2.8 should be used to establish the
environmental test conditions.

6.7.2 ~ . The test profile should be developed from the aircrafl
mission profile. The conditions which must be definedare temperature,vibration, humidity, and
input voltage. Each test cycle should consist of two missions. One mission should start in a cold
environment and proceed to a hot environment; the second mission should start in 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, climb,
combat, landing, and so forth) as well as for ground conditions. In addition to the information
derived from the mission profile, the data specified in a through d should be compiled.

a.
b.
c.

d.

Equipment class
Equipment location within the aircraft
Type of cooling for the compartment in which the equipment is located (air-
conditioned or ram air-cooled)
Type of equipment cooling (ambient or supplemental air)

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

e.
f.

g“
h.
i.

j.
k.

1.
m
n.
0.

P

Mission phase
Duration (minutes)
Altitude (thousands of feet)
Mach number
Compartment temperature CC)
Temperature rate of change ~C per minute)
Dynamic pressure q (pounds per square foot (lbs/ft2))

Power spectral density (PSD), W~g2JHz) = K(q)2, where q = dynamic pressure
PSD,Wl(g2/Hz) = WO-3dB

Humidity
Equipment operation
Input voltage

A typical environmental profile data set for equipment attached to structures adjacent to the
external surface of a iet-propelled Navy attack aircraft is given in TABLE XXIV. Sources from
which environmental data can be obtained and the methodology to be used in entering this data
in the table are as provided in 6.7.2. I through 6.7.2.8. The methodology describes how each
stress level should be obtained and presumes that no measured data, either specific or for simiku
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applications, is available. If measured stress-level data (specific or similar) is available. it should
be entered directly into TABLE XXIV. TABLE XXV should then be developed by applying the
special vibration and thermal ground rules as provided in 6.7.2.1 through 6.7.5.5.

6.7.2.1 ~ + The specific mission phases should be
derived from the mission profile. The number, type, and duration of the phase are fictions of
aircraft type. The ground conditions used for all aircrafi and equipment types should include a
nonoperating period followed by a period of operation. Since the equipment often will be at
either a low or a high temperature when in a nonoperating mode and turn-on will occur while it is
still at that thermal condition, both hot and cold starts should be included in the test profile.

6.7.2,2 ~. The duration of each mission flight phase should be obtained from the
mission profile. The test time for ground conditions should apply to all aircraft types and
missions. The test time for nonoperating and operating temperatures is 30 minutes.

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

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

a. Altitude and Mach number

b. Equipment class

c. Equipment cooling method (ambient
or supplemental)

d. Compartment cooling method (air-
conditioned or ram air-cooled)

e. Power dissipation

f. Equipment density in compartment
(crowded or uncrowded)

g. Air flow into compartment

h. Temperature of air flowing into
compartment

i. Compartment area exposed

Mandatory

Mandatory

Mandatory

Mandatory

Desirable

Desirable

Desirable

Desirable

Desirable

~n
,’r

Mission prfile analysis (see 6.7.2.3)

Equipment design control specification

Equipment design control specification

Equipment design control specification

Equipment design control specification

Air-conditioned design specification

Thermal design specification

Thermal design specification

Aircraft design specification
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6.7.2.4.1 -t-CO~
.

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

a. Hot-day temperature: Using the altitude, Mach number, the Class, and
compartment cooling information, enter TABLE XXVI, XXVII, or XXVIII
as appropriate to 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 I equipment
and + 71‘C for Class II equipment.

b. Cold-day temperature: Cold-day compartment temperatures for equipment
in ram air-cooled compartments should be selected from TABLE ~IX.
For equipment located in air-conditioned compartments, cold-day
temperatures should be selected from the methods provided in 1 through 3.
The method selected depends on the amount of information available. For
the ground conditions (nonoperating and operating), a temperature of -54°C
should be used for both Class I and Class II equipment.
1. Method I: If a limited amount of information is available. such as only

the altitude and Mach number, the compartment temperature for each of
the mission flight phases should be selected from the cool-compartment
temperatures in TABLE XXX.

2. Method 11: If the equipment power dissipation and compartment
equipment density are known in addition to altitude and Mach number,
the eooi- or warm-compartment temperatures should be selected for each
of the mission flight phases born TABLE DX as follows:
A. Warm-compartment selection: If the equipment power dissipates a “-

high wattage and the compartment contains many other equipments
tending to impede cooling air flow, temperatures should be selected
fkom the warm-compartment values.

B. Cool-compartment selection: If the equipment power dissipation is
minimal and the compartment is relatively uncrowded with tie,
unrestricted airflow, the compartment temperature should be selected
from the cool-compartment values.

3. Method 111:When additional thermal and design engineering data are
available, the compartment cold-&y temperature can be calculated for
the mission flight phases using the following expression:

3.41 ~ Q@c~ + ]4,4~]WxT(l~] Ux ]c8x~x T-. +
T(Comp) = 1.8(UXA + 14.4W)

where:

Q(Elec) = Electrical load (watts)

w = Air-conditioned flow rate into compartment (pounds per minute)
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T(in) = Temperature of air flowing into compartment (“C)

u = Overall heat transfer coeff~cient,British thermal units per minute
per square foot per degree Celsius (BTU/mirdfi2/OC)

A = Compartment area exposed to ambient (square feet (ft2))

T(rec) =(1 + 0.18M2)(TA+273) - 273~C)

M = Mach number

TA = Ambient temperature (“C) at altitude

(1OOOQ ~%1
o -51
10 -26
20 -43
30 -62
40 -65
50 -73

6.7.2.4.2 ~Y coole~
.

. Supplementally cooled equipment for hot
day compartment temperature and cold-day compartment temperature should be established in
accordance with 6.7.2.4.1. The flow rate, temperature, and dewpoint temperature of the
supplemental 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 should be the minimum specified in the equipment specification
and this should be maintained until chamber air cool down. During chamber air cool down, the
mass flow of supplemental air should be the maximum specified in the equipment specification
and this should be maintained until chamber air hcatup.

6.7.2.4,3 ~ . A temperature rate of change should be calculated
for each mission phase which involves a change in altitude or Mach number. This should be
accomplished by calculating the compartment temperatures of the steady-state conditions
bounding the phase in which altitude or Mach number varied, calculating the temperature
difference of the bounding phases, and then dividing this value by the duration of the varying
altitude or Mach number phase. In the example presented in TABLE XXV, takeoff and climb to
altitude have been considered as a single phase from a thermal point of view. In certain cases.
two consecutive mission phases may involve such changes as a dive followed by a climb 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 example provided below illustrates the procedure:
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An aircraft in a cruising mode suddenly climbs, then dives, and finally resumes cruising. _
FIGURE 63 shows this action. The following tabulation lists the phases and accompanying data:

Duration
EllaseQ?liWQ ~ ~ lo~o fu ~Q ‘~

Cruise 11.3 0.85 1 1.5

Climb 1.0 0.75 lto8 3.0

Dive 5.0 0.80 8tol 13.0

1.5 (use 5)

2.3 (use 5)

Cruise 10.7 0.85 1 1.5

Thermal rates of change are calculated as follows:

B (cold@ cool ~?

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

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

3V - l.sec
Rate = = 1.5eCper minute

1.0 minute

IvE&QldJ& cool cc!nuwmm)

Temperature = + I 3°C at 8000 R and Mach Number= 0.80

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

13°C-1 .5ec
Rule = = 2.3”Cperrninute

5.0 minuks

6.7.2.5 V-. The random vibration level should be determined for each of the
mission phases using the information in TABLE XXIV md FIGURES 64 and 65. Special-case
vibration data is contained in TABLE XXXI. Select a value of dynamic pressure (q) horn
FIGURE 64 for each steady-state condition as a fimction of Mach number and altitude. For
transient conditions such as di~’c,the (q) value should be determined using the hlach 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 arithmetical average of the [q) at the st~ Ofa dive PIUS
that at the termination ofthe di~’e”
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~ start + q termination)

2
- q auemge

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

6.7.2.6 ~. Humidity should be injected into the test chamber and a dewpoint
temperature of+ 3 1‘C or greater should be maintained during the initial portion of the ground,
nonoperating phase for a hot day. This level of dewpoint should be maintained and controlled
until the end of the ground, operating phase for a hot day. No Mher injection of moisture is
required for any of the other profile phases and the humidity during these phases should be
uncontrolled. The dewpoint temperature should be maintained and controlled at 3 1‘C or greater
for each subsequent cycle during the hot-day ground, nonoperating and operating conditions.
Chamber air should not be dried at any time during a test cycle. RH should be controlled to ~ 5
percent RH.

6.7.2.7 ~
.

. The equipment should be in an operating mode during all
phases of a test profile except for the ground, nonoperating phases.

6.7.2.8 ~. Input voltage should be maintained at 110 percent of nominal
for the first test cycle, at the nominal value for the second test cycle, and at 90 percent of the
nominal for the third test cycle. This sequence should be repeated continuously during
SUbSCtJUCI!tcycks thKNl@OUtthe test. The quiprnent should be turned ~~ and OFF at least
twice before power is applied continuously to determine startup ability at the extremes of the
thermal cycle.

6.7.3 ~0~
. .

. See FIGURE 66, which presents the
environmental profile resulting from the data entered in the example (see TABLE XXIV), was
derived from the mission profile presented in FIGURE 67. It should be noted that in the example
(see TABLE XXV, combat cruise phase) a change in temperature is obtained even though no
change in altitude occurs. This is due to an acceleration followed by a deceleration, In this case,
no temperature rate of change has been defined since the acceleration and deceleration are
extremely rapid.

6.7.4 ~ . The environmental profile developed in 6.7.3 should
now be converted into a test profik which rcpduces those phases of the environmental profile
which reflect the equipment exposure and which can be simulated in a test facility. When
converting from the environmental to the test profile, the ground ruks and procedures in 6.7.4.1
through 6,7.4.4 should be used.
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6.7.4.1 Vibti. A maximum of four \’ibration levels (Wf)values) should be used in
any particular test profile for each of the two missions (cold day and hot day). These levels
should be established using the steps specified in a through d (steps 1 through 4):

a.

b.

c.

d.

Step 1. Review the (WO)values listed for each phase and delete any levels
which are less than 0.001.
Step 2. Identi@ the (WO)and duration associated with takeoff and apply these
values to the test profile as shown in TABLE M.
Step 3. Identi& the (WO) and durations associated with the highest and lowest

(q) levels and apply these values to the test profile during the phases in which
they occurred.
Step 4. The fourth level of (WO)is established by calculating a time-weighted
average of the (WO)values remaining after identification of the takeoff,
minimum, and maximum levels. This is accomplished by multiplying each
(WO)by its duration, adding these products, and then dividing this sum by the
sum of the durations. The resulting fourth level should be applied to those test
phases associated with the environmental profile phases which were used to
calculate the fourth test level. In each case the duration should be as
stipulated in TABLE =lV for that particular phase. For certain aircraft
flying relatively benign missions, all or most (WO)values maybe less than
0.001 g2/Hz.

A value of WO = 0.001 g2/Hz should be stipulated for mission flight phases not accounted for by
any of the four (Wo) defined in a through d (steps 1 through 4) above.

6.7.4.2 ~ . If the temperature rate of change calculated for any transient
condition is less than 5°C per minute, a value of 5°C ~r 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.

6.7.4.3 - of~ . FIGURE 68 is the test profile developed from the
sample mission and environmental profiles. TABLE XXIV lists in tabular form the actual data
used to construct the test profile. Note that the transient thermal condition (- 19°C to - 10°C for a
period of 5 minutes) was deleted km the test profile. All values of temperature rate of change
which were less that 5°C per minute were changed also. The durations of those phases were
reduced and all other phase durations were maintained as originally specified. Three levels of
vibration remained after application of the ground rules: takeoff, minimum, and maximum. The
(WO)associated with takeoff is seiected from TABLE 10UV; a maximum of W. = 0.007 and a
minimum ofWO=0.0019 were obtained from this table after all values ofWO<0.001 were
excluded, Since these values and their associated durations did not account for the total mission
time. a level of W(}= 0.001 g2T17was specified for unaccounted time periods (see TA131,EXXV)

6.7,4.4 Test pr-r va~us ~ . Unless otherwise specified by the.
procuring acti~’lty. the test profiles shown In FiGURES 69 through 102 should be used during
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reliability testing. These profiles were derived from the mission profiles in FIGURES 57
through 62 using the methods in 6.7.4.1 through 6.7,4.3.

6,7.5 ~
,.. ,.

, A composite
test profile should be developed for those situations where it is anticipated that the equipment
will be used during more than one type of mission. In this case, a test profile must be developed
for each identified mission for which temperature, vibration, humidity, and input voltage levels
and durations have been determined. The composite test profile hnework should be structured
to retain the concept of two missions in each test cycle. One mission starts fiorn a cold
environment and proceeds to a hot environment; the second starts from a hot environment and
returns to a cold environment. Provisions have been included in the structure for exposing the
equipment to three temperature levels during each mission and four vibration levels during each
test cycle. This procedure requires that an environmental test profiie for each applicable mission
and an estimate of the relative frequency of occurrence of each mission be available to the user.

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

6.7.5.2 ~ . The procedures provided in a through d are identical for the hot-
day and cold-day missions. Separate analyses should be performed for each mission.

a.

b.

c.

A table similar to TABLE ~1 should be prepared. Each steady-state
temperature level and its corresponding duration should be listed for each
applicable mission. The mission-weighting factor for each mission should be
identified. The weighted durations should be determined by multiplying each
duration by the corresponding mission-weighting fator.
The information presented in TABLE ~11 should be summari zeal, and a
table similar to TABLE 33 should be prepared. Evexy unique temperature
appearing in TABLE lGOUI should be listed in ascending order in TABLE
XXXIU. Only one entry per temperature value should be made in TABLE
XXXIII no matter how many times that value appears in the same or in
different missions. The total weighted duration for each temperature level
should be determined by summing the weighted durations for each entry of
that temperature appearing in TABLE XXMl:
Three levels of temperature and their durations should be selected from those
appearing in TABLE .XXXII (MAX, INT, MIN). The MAX should be the
highest temperature value indicated and the MIN the lowest. The test duration
for each should be the corresponding total-weighted duration. The INT le~cl
should be determined as the time-weighted average of all the temperature
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values appearing in TABLE XXXH1 that have not been included in the
determination of the MAX and MIN levels. The test duration for the [NT
level 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 following are given:

Temperature level
..

0
Onhuks)

20 15
5 10
3 20

,NT (20x15) + (5xIO) + (3x20) 4!0
= —=9.1 °C

15+10+20 = 45

Duration = (corresponding times)

=15+10+20

=45 minutes

d. When determining MAX (or MIN) level, combine all temperature values in
TABLE XXXIII within 5°C of the highest (or lowest) vaIue by the method of
time-weighted average. Duration for MAX (or MIN) should be the sum of the
corresponding total-weighted durations. If either the MAX or MIN levels do
not have a duration of at least 20 minutes, determine a new value of MAX or
MIN by time weighting with the next most severe level(s) until a 20-minute
duration is achieved by summing the corresponding weighted durations. If the
INT level does not have a duration of at Ieast 20 minutes, speci~ it to be 20
minutes and subtract one-half the difference between 20 minutes and the INT
duration from both the MAX and MIN duration. If all the temperature levels
of TABLE ?OOCHIhave 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 also. Use half the
duration for the MAX or MIN level (as appropriate) and the other half as the
duration for I?NT.

6.7.5.3 Vibr~. A table similar to TABLE XXXIV should be prepared. Each
vibration level (WO)and its corresponding duration should be listed for each applicable mission.
The takeoff (T()) vibration level for 1 minute should be listed separately from: (WJ of the s~e
numerical \’ulue u’hich is deri}ed by calculation. Similar]), the (Jh’o)of O.001g’~’llzand its
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comesponding duration which has been added to require continuous vibration (see 6.7.2.5)
should be listed separately from a (WO)of 0.001 g21Hzthat was derived by calculation. These
two entries should precede any other mission vibration entries. Each mission’s weighting factor
should be identified. Weighted durations should be determined by multiplying each duration by
its corresponding mission weighting factor. The information presented in TABLE XXXIV
should be summarized and a table similar to TABLE XXXV should be prepared. The TO and
0.001 g2/Hz levels identified in 6.7.2.5 and the total weighted duration should be listed separately
and apart from the same values determined by calculation. All other unique vibration levels (WO)
appearing in TABLE XXXIV should be listed in TABLE XXXV in ascending order. Only one
entry per (Wo) should be made in TABLE XXXV irrespective of how many times that value
appears in the same or in different missions. The total weighted duration for each (Wo) value
should be determined by summing the weighted durations for each entry of that (WO)in TABLE
XXXIV. A (WO)of TO for 1 minute (takeoff condition) should be selected. The minimum (WO)
of 0.001g2/Hz corresponding to continuous vibration during the flight phases should be applied
for a period equal to its total-weighted duration. In addition, three levels (MAX, INT, MIN)
should be determined for the remaining values provided in TABLE -V. The MAX level
should be the highest (@) listed and the MIN level should be the lowest (Wo) listed. The test
duration for each should be the comesponding total-weighted duration. The INT level should be
determined as the time weighted average of the remaining (WO). The test duration for the INT
level should be the sum of the total weighted durations of the (~) used in determining NT.

6.7.5.4 ~
. .

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

6.7.5.4.1 ~ . One test cycle should consist of the sequence of levels specified
in a through k:

a.
b.
c.
d.
e.
f.

13”
h.
i.

k.

-54°C (nonoperating)
-54°C (operating)
INTC (cold day)
M/& (cold day)
MINC (cold &y)
+ 71°C (nonoperating)
+7 l°C (operating)
INTH (hot by)
MAXH (hot day)
MTNH (hot day)
Return to -54°C (nonoperating)

The duration at the two -54°C conditions and the two+ 71‘C conditions should be 30 minutes
each. The duration at each of the other levels should be determined using the procedure in
6.7.5.2. The temperature rate of change between any two levels should be determined by
re~’iewingcomparable phases of each individual test profile and selecting the most typical value.
The duration of exposure M a temperature rate of change should be dctcmlined from:
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l)umlkm =
end lemperu!um - dud lempenztuw

IU tc ofcha nge

—

The entire cycle with dwells at all levels and transitions between levels should be listed in a table
similar to TABLE XXXVI or depicted graphically as FIGURE 103.

6.7.5.4.2 ~. The vibration requirements should be integrated with the
temperature timeline. The MAX vibration level should start at the same time as the MAX
temperature levels and continue for the time period determined in 6.7.5.3. The MIN vibration
level should start at the conclusion of the exposure to the MAX vibrations levels and continue for
the time determined in 6.7.5.3. The exposure to the lNT vibration level for the time determined
in 6,7.5.3 should start at a time calculated to assure that its completion coincides with the start of
the MAX vibration level. The takeoff level should be applied for 1 minute at the start of each of
the transitions from -54°C to INT and from + 71C to INT. A level of 0.001 g~!Hz should be
applied during all other periods, except for the -54°C and + 7 1‘C soaks. The vibration
requirements for one complete cycle should be listed in a table similar to TABLE XXXV] or
depicted graphically as in FIGURE 103.

6.7.5.4.3 w. Humidity should be injected into the test chamber and a cicwpoint
temperature of+ 3 1‘C or greater attained during the initial portion of the ground, nonoperating
phase for a 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 is required for any
of the other pro~le phases, and the humidity during these phases should be uncontrolled. The
dewpoint temperature should be maintained and controlledat+31‘C or greater for each
subsequent cycle during the hot day ground, nonoperating and operating conditions, Chamber
air should not be dried at my time during a test cycle.

6.7.5.4.4 ~
.

. The equipment should be in an operating mode during
all phases of a test profile, except for the ground, nonoperating phases.

6.7.5.4.5 ~. The input voltage should be maintained at 110 percent of
nominal for the first test cycle, at the nominal value for the second test cycle, and at 90 percent
the nominal for the third test cycle. This sequence should be repeated continuously during
subsequent cycles during the test. The equipment should be turned ON and OFF at least Mce
before-power is applied continuously to determine startup ability at the extremes of the thermal
cycle.

of

6.7.5.5 a of~
.

. This example provides the procedure for
developing a composite environmental test profile for a Class 11equipment that is attached to
structures adjacent to the external surface of a jet fighter aircrafi, The following data indicates
the missions in \vhich the equipment is used and the rclati~’cfrcquenc) of occurrences of each
mission:
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Ve~ of occ~
Low-low-low 0.10
High-low-low-high 0.40
Low-low-high 0.25
Close support 0.20
Feny
Total 1.00

Since these conditions correspond to those of the sample test profiles shown in FIGURES 69
through 102, they may be used directly. FIGURES 89 through 93 ire corresponding test profiles
for the missions enumerated above. Temperature and vibration levels and durations may be read
directly from these figures. The application of the procedure is illustrated in the tables listed in a
through C:

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

Rates of change of temperature between levels are determined by reviewing the conesponding
phases of the individual test profiles and selecting the most appropriate one. The selected rates
and calculated durations are listed in TABLE XLIII. The completed composite profile is
provided in a timeline in TABLE XLIV and shown in FIGURE 104.

6.8 ~ V/SmL e~
.

. The combined environments for
Types A and B V/STOL aircraft (see Reference 21) are specified in a and b:

a.

b.

Type A is a twin-engine, subsonic aircraft designed for sea control and utility
missions, including antisubmarine warfh.re, aircraft early warning, tanker service,
ordnance delivery, and assault. This aircraft can take off and land vertically or
horizontally. Vertical operations are accomplished by a rotation of the engines.
Type B is a twin-engine, supersonic aircraft which is approximately 10,000
pounds lighter than the Type A aircraft. The Type B aircraft is designed for a
fighter-attack role and can perform intercept and surveillance missions. This
aircrafl also can take ofl and land in a vertical or conventional mode. The vertical
mode is accomplished by use of engine exhaust deflectors.

6.8.1 ~. The generalized missions for the V/STOL aircrafl provided in
6.8.1.1 and 6.8.1.2 represent the current view of the fhture role envisioned for V/STOL aircraft.
Each mission is described by spatial aspects required for the development of the environmental
test. Aircrafi speed and altitude enroute to the combat are~ during combat, and return to the ship
are identified. The missions and the characteristics for each type of V/STOL aircrafi are
provided. Although each type of aircrafi cm take off md land in a conventional mode, it is
assumed that all takeoffs and landings will be performed vertically. The V/STOL mission
pro~lles are presented graphically in FiGLR13 105 through 1I4.
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6.8.1.1 -A Type A V/STOL missions are defined in a through g:

a.

b.

c,

d.

e.

f.

g.

Airborne early warning: Take off vertically, climb to altitude, cruise Out,
loiter, and cruise back at high altitude, descend, land vertically
Antisubmarine warfare: Take off vertically, climb to altitude, cruise Out.
loiter. deliver ordnance, cruise back at high altitude, descend. land vertically
Contact investigation: Take off vertically, climb to altitude, dash at low
altitude, loiter and deliver ordnance at low altitude and low speed climb to
high altitude, cruise back at high altitude, descend, kind vertically
Marine assault: Take off vefiically, cruise Out at sea level, hover at 3000 R,
cmise back at sea level, land vertically
Surface attack: Take off vertically, climb to altitude, cruise out at high
altitude, loiter and deliver ordnance at 20,000 ft at low speed, cruise back at
high altitude, descend, land vertically
Tanker: Take off vertically, climb to altitude, cruise out at high altitude, loiter
at low speed and low altitude to transfer fhel, cruise back at high altitude.
descend, land vertically
Vertical onboard delivery: Take off vertically, climb to altitude, cruise at high

-

altitude, descend, land vertically

6.8.1.2 ~ B VIST~
. .

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

a.

b.

c.

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

—

Deck launched interception: Take off vetiically, climb at high speed to
altitude, dash out and engage in combat at high altitude and high speed. cruise
back at high altitude, descend, land vertically
Subsonic surface surveillance: Take off vertically, climb to altitude, cruise
Out and loiter at high altitude, engage in combat at intermediate altitude,
cruise back at high altitude, descend, land vertically

6.8.2 ~. The procedures of 6,7.2 should be applied. Whenever V/STOL
designs include cooling systems and techniques designed to maintain cool ambient conditions for
electronic hardware, a Class I thermal environment may be used.

6.8.3 ~. Vibration effects on equipment for V/STOL aircraft operating in
a horizontal flight mode are identical to those experienced by conventional fixed-wing aircrafl.
For vertical flight modes (takeoff and landing), the vibration levels are significantly different
because of ground effects. TABLE XLV, an abridged version of TABLE ~, should be used
for V/STOL: it includes vibration test levels (WO)for V/STOL peculiar takeoff and landing
conditions, The OK takeofi and handing W values were calculated using V!STOL engine
parameter information for both Types A and B V/STOL aircraft.



6.8.4

MIL-HDBK-781

. The electrical stress for V/STOL aircraft should bc applied in the
manner described in 6.7.2.8.

6.8.5 ~. Humidity should be maintained in conformance with 6.7.2.6.

6.8.6 ~.
●

The equipment should be in an operating mode during all
phases of a test profile, except for the ground, nonoperating phases.

6.8.7 ~ Test profiles for Types A and B V/STOL aircraft are provided in
FIGURES 115 through 124.

6.9 ~ter e~
. ● ●

.
Combined environments for turbopropeller aircrafi and helicopter equipment areas specified in
6.9.1 through 6.9.2.4.

6.9.1 ~
. .

. The environmental test levels provided
herein are applicable to equipments mounted within the fiselage of turbopropelier aircraft. The
indicated stress values presented should be used only if actual stress levels are not specified in
contractual documents, and mission profiles are not provided. Gunfire induced vibration should
be considered when the equipment is mounted in an attack helicopter.

6.9.1.1 ~. Input voltage should be maintained at 110 percent of nominal
for the first thermal cycie, at the nominal va!ue for the second thermal cycle, and at 90 percent of
nominal for the third thermal cycle. This cycling procedure should be repeated continuously
throughout the reliability development test. The sequence may be interrupted for repetition of
input voltage conditions related to a suspected failure. The equipment should be turned ON and
OFF at least twice before power is applied continuously to determine startup ability at the
extremes of the thermal cycle.

6.9.1.2 ~. 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 levels for
12.5 minutes at start of phases B and G and for 12.5 minutes at the start of the mission objective
maneuvers during phases C and H. If the mission profile has no maneuvers, the fill 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 50 percent of the levels of
FIGURE 125.

6.9.1.3 ~. The general thermal test profile to be used is shown in FIGURE
126. This profile simulates both cold day and hot day missions, which together form one cycle.
The thermal cycle is continuously repeated until the end of the test. Prior to the start of the first
thermal cycle. or after storage at mom ambient. the equipment should be allowed to cold soak for
1.5 hours at the low temperature of the start of the next thermal cycle.

6.9.1.4 ~. Ilumidity should be specified to simuIate the warm, moist
atmospheric conditions especially prevalent in tropical climates, Moisture can be induced

g9
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directly into equipment during flight in a humid atmosphere
to condensation, freezing, and frosting as a result of climatic

Installed equipment is also subject
temperature humidity conditions.

6.9.1.5 ~V CO~
.

. The chamber air humidity should be in
accordance with 6.7.2,6. The supplemental cooling air may be dried so that the dewpoint
temperature is from 3°C to 13°C below the temperature of the supplemental air or the chamber
air, whichever is lower.

6.9.1.6 ~
. . .

. Humidity should be introduced into the test chamber in
phase D and increased as the chamber air temperature increases, keeping the dewpoint less than
the chamber air temperature. The dewpoint temperature should be raised to 3 1‘C or greater and
maintained and controlled through phases E and F of FIGURE 127. At the end of phase F, no
fbrt.her injection of moisture is required for the other profile phases, and humidity should be
uncontrolled. This humidity procedure should be repeated for each test cycle and phases D, E.
and F. Drying of chamber air shouid not be accomplished at any time during a test cycle.

6.9.2 ~
.

. Unless otherwise specified by the procuring activity,
helicopter environments should be derived from the data provided in 6.9.2.1 through 6,9.2,4,
The combined environments profile is shown in FIGURE 128, and the combined mission profile
in FIGURE 129.

6.9.2.1 ~. Use the input voltage variation specified in the individual
eqtixt spaifi=tion. If the equipment specifwtion * not provide this Mmnation, use the
following:

Hi@ LfM!
28 VDC 29 22
115 VAC, 400 Hz ahemating current (AC) 122 104

6.9.2.2 ~. Unless otherwise specified by the procuring activity, vibration test
requirements should be established for equipment installed in rotary wing aircraft. Vibration
cycling fkom 5 HZ to 2000 Hz to 5 Hz for a maximum time of three hours, using a cycle of 36
minutes on each of three axes is required. The equipment should be exposed to a maximum of 5
g. For equipment installed in Army helicopters, the following vibration should be applied: 0.05
inch (1.27 mm) DA from 5 Hz to 24.5 Hz and 1.5 g’s pk bm 24.5 Hz to 500 Hz. The vibration
should be applied continuously from 5 Hz to 500 Hz to 5 Hz. The sweep rate should be
logarithmic and take 15 minutes to go from 5 Hz to 500 Hz to 5Hz. This sweep should be
applied once during every hour of equipment operation.

.

69$2.313mMMms. Unless otherwise specified by the procuring activity, the thermal
profile for helicopters should be as specified in FIGURE 128. The equipment also should be
subjected to ti cold sotik at 62(’Cand a hot soak at + &15”Cas shown in FIGURE 128.

6.10 -ed ~. .

A method for modeling uir-launchtxi weapons and assembled external store combined

()()



!MIL-HDBK-781

environmental stresses where no flight measured data is available (see Reference 22) is provided
in6.10.l through 6.10.3. ~etestprofiles aretobe tailored fiomactual mission-defined captive
and free-flight environments The criteria for establishing the mission related environmental test
profiles include time dependent thermal, vibration, and electrical stresses with optional humidity
and pressure conditions. A general definition of the methodology required and a description of
how to establish realistic environmental test profile parameters are provided in 6.10.2. Also,
many tables and figures are provided to assist in the construction of representative captive and
free-flight environmental test cycles. A combined environments test cycle should be used when
testing air-launched weapons and assembled external stores carried by aircraft and helicopters.
The equipment mounted inside these stores should be tested as specified in 6.10.1 through
6.10.3. During the envirmrnental test cycle, the thermal stress, vibration (acoustics) humidity,
and input voltage imposed on the test item should be varied simultaneously. Specific test
conditions should be determined by the type of aircraft upon which the store is carried. and its
mission profile, stores logistics and life-cycle profile, the equipment class designation, and fiee-
flight envelope (where applicable). Several other factors, provided in detail in 6.10.1 through
6.10.3, will assist in the development of a test profile. The overall objective is to evaluate store
or missile reliability in the test laboratory by simulating the service use environments.

6.10.1 ~ . Each aircraft type which canies extend stores is designed to
operate within a specific flight envelope and fly specific captive-carry mission profiles which
may include external store installations on either the fielage or wing pylons, wing tips, or both.
For stores testing, the flight envelopes and mission profiles of the host aircraft should be
determined and used in developing the store captive carry environmental test profi~es (see
TABLES 46 through 53 and FIGURES 130 through 137). When a store is to be used on more
than one aircrafi, a percentage distribution by aircraft and mission should be used to establish the
test profiles. When no specific use information is available, the mission-type distribution in
TABLE XLVII maybe used. When design flight envelopes and flight mission profiles are not
available, the generalized flight envelopes in FIGURES 57 through 62 may be used as a basis for
development of the external store captive-carry test profiles. Each store, designated to be
launched from a host aircrafl is designed to fly its own specific free-flight mission profile(s).
The type(s) mission profile(s) for a store in tie-flight is essentially unique to its mission
duration, performance, and objectives. Hence, no generalized profiles can be provided. The
composite mission profile should be consistent with the expected extremes of free-flight
duration, altitude, speed, and, temperatures. An example of the type of information needed is
shown in TABLES L and LI and in FIGURE 147.

6.10.2 ~ . As specified in 6.7.2, the test profile should be
developed from the aircraft mission profile. The conditions which must be defined are the
selected climatic category temperature, the required operational vibration, humidity, and the
input voltage limits. Each test cycle should consist of two segments, One segment should start
in 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 XLVI. The
mission profile should be analyzed to determine the environmental stress levels encountered for
the mission flight phases (takeofY,climb. combat, landing, and so forth) and the ground

91

-3*= -==- -= .- ._— ___ .__ Aza.–. .+:–.-e_-.-––e_-_=—__–_ .---.-...=.. .-— —-....-.<—–—– -<--.-.<ec



MIL-HDBK-781

conditions. In addition to the information derived from the mission profile, the data should be
compiled as specified in a through d:

a. Equipment class
b. Equipment location within the store and the store station
c. Type of cooling for the compartment in which the equipment is located (air-

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

A table of environmental profile data should be prepared for the specific aircrafi, 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 6. 10.3):

e. Mission phase
f. Duration (minutes)
g. Altitude (thousands of R)
h. Mach number
i. Compartment temperature CC)
j. Temperature rate of change (“C per minute)
k. Dynamic pressure (q)(lbs/ft2)
i. PSD, WO(g*/Hz), spectrum maximum level
m. PSD, WI (g*/Hz), spectrum minimum level
n. Humidity
o. Equipment operation
p. Input voitage

Sources from which environmental data can be obtained and the methodology to be used in
entering this data in the table are discussed in 6.10.2.1 through 6.10.2.6.2. The methodology
describes how each stress level should be obtained and presumes that no measured data is
available, either specific or for similar applications. If measured stress level data (specific or
similar) is available, it should be used. Test conditions should be then developed by applying the
vibration, thermal, and humidity ground rules discussed in 6.10.2.1 through 6.10.2.6.2. The test
environments for the free-flight phase simulation are the same as those required for the captive-
flight phase specified above. However, the simulation of tie-flight environments in the test
cycle is limited to post-launch mission profile testing only (including the initial captive-flight
launch conditions). Included in this sequence is the thermal transition period from one climatic
condition to its subsequent climatic condition (see FIGURE 131 and TABLE XLVI). The
phasing of the free-flight 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) to be launched after a specific number of captive-flight hours, then the free-flight
reliability test cycle should be sequenced to simulate the mission duration and an equivalent
percentage of free-tlight launches throughout the OVCI-Mtest program. There should be not less
than one complete series of free-flight launch test cycles per test item.

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



6.10.2.1 ~. The specific mission phases should be derived from the mission
profile. The number. type, and duration of the phase area fimction of aircraft type. The ground
conditions used for all externally carried stores and equipment types should include a
nonoperating period followed by a period of operation. Since the equipment will oilen be at
either a low temperature or a high temperature when in a nonoperating mode and the equipment
turn ON will occur whiIe the equipment is still at that thermal condition. both hot and cold starts
should be included in the test profile. Each portion of the test cycle will be composed of
appropriate combinations of ground and flight environmental extremes.

The first half segment of the total test cycle (see FIGURE 130) starts after the ambient transition
to the ground extremes of the specified cold climatic region environment and proceeds through to
the completion of the selected hot-climatic mission profile (phases A through H). The second
half segment begins at the ground extremes of the specified hot climatic region environment and
returns through the remaining climatic phases of the test cycle to the completion of the specified
ground cold climatic region environment (phases I through Q). A post-test return to ambient
occurs after the completion of the last segment of the scheduled test cycles. The time of each
phase (A through Q) is determined by the results of the operational field use study and mission
profile(s) requirement.

6.10.2.2 ~. The duration of each mission flight phase should be obtained from
the mission profile. When more specific information is lacking, the external store test times
specified in a through d can be used:

a.

b.

c.

d.

For a typical air superiority fighter with an air-to-air captive-camy weapon
mission only, a typical mission time should be a minimum of 1 hour, 40
minutes.
For a typical tactical or attack aircraft (interdiction aircraft) with an external
captive-carry weapon system for an air-to-surface mission or for an aircraft
with a supporting ektronic warfhre mission (assembled external store), a
typical mission time should be a minimum of 2 hours.
For a typical air-to-air or air-to-surface strategic aircraft mission (endurance),
the minimum mission time should be 24 hours.
For external captive-carried assembled stores on transport cargo-type aircraft
(special mission), the assumed minimum mission time should be 6.5 hours.

6.10.2.3 ~. When no vaiues are specified by the individual quipmcnt
detail specification, input voltage should be maintained at 110 percent of nominal for the first
test cycle, at the nominal value for the second test cycle, and at 90 percent of nominal for the
third test cycle. This cycling procedure should be repeated continuously throughout the test.
However, this sequence may be intemupted for the repetition of input voltage conditions related
to a specific failure. Aircrafi and store electrical interface compatihilit~’ should be maintained
th.roughou~the test cycles. The equipmem should be turned ON and OFF at least twice in each
thermal phase before continuous power is applied to determine start up ability at the extremes of

e. During the nominal input voltage sequences. short-term interrupts ( 10

()j
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microseconds (ps) to 300ps) and long-term interrupts (20 ms to 150 ms) in the power supply
should be imposed during the odd-numbered test cycles. When the individual equipment
specification requires a standby operating mode during specified operational missions. the input
voltage stress variations specified herein for the normal equipment operations should be

.-

followed.

6.10.2.4 ~. Random vibration should be applied to the internal equipment
item designated for store in aircraft installation in accordance with 6.10.2.4.1, and for the air-
launched missile and assembled external stores, in accordance with 6.10.2.4.2. The random
vibration test level for each phase of the test cycle should produce the random vibration
responses on the test item, required by the maximum predicted environment of FIGURES 132
through 134 and TABLE XLVIII (for (grins) overall (OVL)) level adjustments and FIGURES
135 through 137 and the equations of TABLE XLIX. The maximum predicted environment is
derived from the 95th percentile with 50 percent confidence (for a one-sided tolerance limit)
using standard statistical analysis procedures, for the period of maximum overall random
vibration level. The baseline data was derived from a detailed study of 1839 separate flight data
measurements. When air-launched missiles or assembled external stores are to be installed in
more than one location on more than one aircraft, the highest effective random vibration response
level of exposure to be encountered by the test item during captive-flight should be computed for
each test phase and should be used throughout the captive-flight test. The free-flight response
from externally applied vibration should be as defined by the mission profile performance (see
6.10.2).

6.10.2.4.1 ~ . The individual equipment test item(s) should be
subjected to random vibration excitation on the most sensitive axis. Equipment hard-mounted in
semice use should be hard-mounted to the test fixture and soft-mounted equipment should use
service isolators when mounted on the test fixture. If sewice isolators cannot be made available
during the tes~ isolators with comparable dynamic characteristics should be provided. The
acceleration PSD of applied vibration (g*/Hz), as specified on the test fixture at the test item
mounting points, should produce the random vibration responses calculated in accordance with
6.10.2.4. The duration of each phase of the tests should be determined from the individual
mission analyses.

6.10.2.4.2 ~ve-~
.

. The test item should

be mounted using a test setup simulating the actual mounting impedance. The individually
installed and operationally capable equipment (inside the fully assembled store) should be

mounted in an actual installation configuration. The random vibration input levels, tolerances,
and durations for the filly assembled store should be measured responses as specified in
6.10.2.4.3, except that the vibration input level adjustment factors should be reduced 3 dB from
the (gms)(OVL) values shown in FIGURES ~32 ~ough 134 ~d TABLE XLVIII” This
reduction is applicable only to the fully assembled air-launched missiles and assembled external
stores.

—
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6.lo.~.4.3 Gmdnm.s. General notes which provide guidance for the development of
test profiles are provided in a through h:

a.

b.

c.

d.

e.

f.

~“

h.

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 XLVIII and XLIX. 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 XLVIII and XLIX specified
above to determine the vibration response levels.
Cargo aircraft: UnIess unusual mission profiles are determined, takeoff
and cruise profiles (vibration response levels) can be the only required
vibration levels.
Minimum (WO)test level: The minimum (WO)vibration response test level
should be 0.001 g2/Hz. If the calculated response test level is less than
0.001 g2Hz, the vibration response test minimum 1.3W~ (OVL) spectrum of
FIGURES 132 through 137 and TABLES XLVIII and XLIX should be
used during this portion of mission profile. This spectrum should reduce

(f’a minimum vibration response of 0.001 g2/Hz. If it does not, a (W ) level of
0.001g2/Hz should be used.
Option: The maximum (WO)vibration level determined maybe used for
the vibration response level throughout the test. However, this is not
recommended since it is an overtest condition.
Gunfire environment: The gunfire environment is not considered in this
test, but should be considered in the environmental qualification test.
Composite vibration profile: When equipments are to be installed in
turbopropellers and helicopters (see 6.9), and jet aircrafi (see 6.7), a
composite random spectrum should be generated. See h below and 6.10.3
for an example of composite spectrum.
Wing and fm tip and fbselage external stores: When a store is to be
installed in multiple locations on an aircraft. a composite vibration response
profile should be used.
For turbopropellers and helicopters, the special transmission drive and low
frequency blade passage excitation forcing fhnctions should be
superimposed on the acceleration PSD response spectra obtained from the
use of FIGURES 132 thOU@ 137 and TABLES XLVHI and XLIX.

6.10.2.5 ~. The thermal stresses for supplementary cooled equipments
should be determined for each test phase in accordance with 6.10.2.5.1. All other equipments
should use 6.10.2.5.2. The duration of the ground test cycles of FIGURE 130 (phase A. D. G. I.
L, O.and Q) should be long enough to reach initial stabilization of temperature.

6.10.2.5.1 ~
*

. The flow rate, temperature, and dewpoint
temperature of the supplemental air should be in accordance with the individual equipment
specification values during all phases. except the nonoperating portions of phases A, D. G. I, L.
0. and Q. During these portions of the test phases, the supplemental air flow should be zero.
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The thermal environment external to the test item should be in accordance with 6.10.2.5.2.
During surrounding external air heat up, the mass flow of supplemental air should be the
minimum specified, and this should be maintained until the surrounding external air cools down. _
During surrounding external air cool down, the mass flow of supplemental air should be the
maximum specified, and this should be maintained until the surrounding external air heats up.

6.10.2.5.2 ~
.

. The thermal stresses in each test phase should be in
accordance with FIGURES 130 and 131 and TABLE XLVI and the environmental stresses of the
applicable mission profile. Use the methods of 6. 10.2.] through 6.10.2.4.3, if a mission profile is
not available. h example of the construction of an environmental stress profile is presented in
6.10.3.

6.10.2.6 ~. 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 frosting as a result of climatic conditions. Where applicable, humidity
can be varied (from 100 at sea level) directly with the air density ratio, within + 5 percent W-I.

6.10.2.6. I ~~ cooled e~,
.

r The chamber air humidity should be in
accordance with 6.10.2.6.2. The supplemental cooling air may be dried so that its dewpoint
temperature is from 3°C to 13°C below the temperature of the supplemental air or the
surrounding air, whichever is lower.

6.10.2.6.2 ~
. . .

. A dewpoint temperature of 31“C or greater should be
attained during the initial portion of phases D, G, I, and M of FIGURE 130 and maintained until
the end of these phases. No firther injection of moisture is required for the other profile phases
for the filly assembled stores or for hermetically sealed equipment tests, and the humidity should
be uncontrolled. For nonhermetically sealed equipment, the RH should vary from 100 percent at
sea level directly with the air density ratio (horn 95 percent RH ~ 5 percent RH). The ciewpoint
temperature should be maintained and controlled at 31“C or greater for each subsequent test
cycle in Phases D, G, I, and L. Chamber air should not be dried at any time during a test cycle.

6.10.3 -of~of~
.

. This example illustrates the
construction of a composite mission test cycle profile for an aircraft with a captive-flight
assembled extermd store and its internally installed equipment. The example information is as
provided in a through e:

a. Equipment Class 2
b. Equipment installed in air-conditioned missile or store avionics compartment
c. Equipment is ambient cooled (no supplemental cooling)
d. Equipment is attached to the structure forward of external-flow body

discontinuities. The bod~’contour forward is smooth and free from
discontinuities. that is. no forward control surfaces, antenna blades. or blunt
noses
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e. The final environmental requirements for this example are derived from the
data specified in 1 through 20:

1.
2.

3.
4.

5.

6.

7.

8.

9.

FIGURE 139, Environmental engineering program schematic.
TABLE L, Preliminary operational design requirements (expected life of 5
years).
FIGURE 140, Logistics fictional schematic diagram.
FIGURE 141, European scenario assumed maintenance schedule and
possible operational utilization rate for environmental analyses (example).
FIGURE 142, Target movement timeline for environmental design criteria
(European scenario) - large quantities (example).
FIGURE 143, Estimated percentage of time distribution for transportation,
hold/delay, and handling, for nominal-probable factory-to-theater movement
timeline.
TABLE LI, Life cycle environments. (A) Distribution of environmental
exposures and durations.
FIGURE 144, Assumed typical attack aircraft operating envelope (standard
day) showing the assumed high-medium-low mission profile.
FIGURE 145, Assumed typical attack aircraft operating envelope (standard
day) showing the assumed high-low-high mission profile.

10.
11.

12.

13.

14.

15.
16.

17.

18.

19,

20$

TABLE LII, Assumed typical attack mission profiles.
TABLE LIII, A method for calculating test profile times for a specific
number of test cycles.
FIGURE 146, Vibration factor [g~(OVL)]2 flight mission profile (high-
medium-low) use with FIGURES 130 and 143 except (*), versus
minimum g- (OVL)2 (example).
FIGURE 147, Vibration factor [g~(OVL)]2 flight mission profile high-
Iow-high use with FIGURES 130 and 144 except (*), versus minimum
~(OVL)2 (example).
TABLE LIV, Attack aircraft captive-carriage mission profile data
example.
FIGURE 138, Low-low free-flight mission profile (example).
FIGURE )48, Store free flight vibration factor (g~(OVL)2) flight mission
profile low-low use with FIGURES 131 through 134 and TABLE 48
(example).
TABLE LV, Assumed free-flight mission profile for example store (low-
!ow), vibration.
TABLE LVI, Assumed free-flight mission profile for exampie store (low-
IOW)standard day.
FIGURE 149, Unit gm~(OVL) acceleration PSD versus frequency spectra
(frequencies should be determined Iw Method 514.3 ofMIL-STD-81 O,as.
applicable).
TABLES LV1l through XL, Composite test cycle profile example
timeiines.
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The event times for determining the temperature for each phase (prior to the adjustment by the
test cycle time factor) are given in TABLE XL1l. The resulting profiles are given in FIG( JRES
142 and 143. The temperature rate-of-change for each captive-flight temperature step is greater .
than or equal to 25°C per minute. The rate of altitude change is approximately set at 10,000 R
per minute, average for captive-flight (time to climb, dive, idle descent). The altitude 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 for free-flight. The vibration response conditions
(prior to the adjustment by the cycle time factor) are calculated for each flight phase and listed in
TABLES XLIV and 55. FIGURE 149 shows the final vibration response test (baseline
conditions) PSD to be applied for use with the mission profile vibration response factors of
FIGURES 146, 147, and 148. The dewpoint temperature should be raised to 31“Cor greater at
the beginning of phase D. The 31‘C or greater dewpoint temperature should be maintained until
the completion of phase L, Ground Operation, Ambient Day. For the remaining phases of the test
profile, the humidity should be controlled with the RH swing at 95 percent ( ~ 5 percent RI-I)at
sea level and foIlowing as closely as possible the density ratio variation expected with altitude.
For repeated profile cycles, the dewpoint should be checked as specified herein for phases A
through Q. Electrical stress should be in accordance with 6.10.2.3. The final test cycle times
should be adjusted by the test cycle time factor from TABLE XLIII. The final composite test
cycle profile timeline for the example is given in TABLE XLVII. For this example, the cycle is
repeated 10 times (6 high-medium-low missions, 4 high-low-high missions, with one simulated
launch on each test item, also consisting of 10 test cycles).

6.11 ~
. .

. The environmental conditions of
transportation, handling, and storage also affect equipment performance and reliability. In order
to address all of these conditions, TABLE LX has been prepared. This table provides a single
point of reference for all environmental conditions which might be encountered as a result of
various methods of transportation, handling activities, and storage conditions.

6.11.1 ~
,.

. The test conditions which are to be used to simulate the
effects of vibration, shock, and temperature which result from transporting equipment by rail are
provided in 6.11 .1.1 through 6.11.1.4 (see Reference 24). These conditions will always assume
that the equipment is not operating and therefore no equipment operating parameters or
requirements are given.

6.11.1.1 ~. FIGURE 150 encompasses the real world vibration
conditions reported by the railroad industry. The three curves shown on FIGURE 150 (best,
worst. and nominal) define the complete vibration spectra associated with rai! transportation.
The worst case (Curve I) represents uncushioned rail transportation and was developed by
defining a curve which envelopes all conditions. This curve was generated by visually drawing a
straight line which encompassed all applicable data points and was tangential to the maximum
values obtained. This curve represents data taken horn the power density versus frequencyplots
of appropriately selected sources. The best case (Curve 111)represents data depicting cushioned
rail transportation. This curve is taken directly from “An Assessment of the (’ommon Carrier
Shipping Ens ironment”. b} ostrem and Godshould which is discussed in Reference 24. ILis.
shown as a best case because it represents the vibration environmentof a truck trailer mounted
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on a rail flatcar. Items transported in this manner are cushioned by both the trailer suspension
system and the rail 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
(Cuwe 11)represents the most probable profile as defined by generaI rail transport conditions.
This curve was defined with the use of the computer generated regression analysis. Using the
same data points mentioned for Curve I, a piece-wise, least square linear regression was
performed 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 II. These three curves may
be selectively specified for rail conveyance simulation tests depending on the damage avoidance
requirements established for the equipment.

6.11.1.2 ~
.

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

MaliQIl A&is
7og’s 1Oms Longitudinal Every 3 minutes

These conditions are the recommended shock test parameters.

6.11.1.3 ~
.

. The nominal temperature range to be used in rail
transportation testing is specified as follows. As indicated, temperature levels assume a start and
end point at room temperature (see FIGURE 151).

Low jzQull
.

24°C - 32°C 54°C ~4°c

6.11.1.4 ~. To integrate reliability testing of all of the critical characteristics,
a test timeiine is necesary. FIGURE 151 provides that timeline requiremen~ indicating the
schedule relationship between shock, vibration, and temperature testing for both cold day and hot
day. Temperature levels must be maintained but are critical only from 15 minutes prior to and
during shock testing. Equipment is to be nonoperating and packaged for shipment during testing.
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7, TEST INSTRUMENTATIONAND FACILITIES

7.1 -. The purpose of this section is to assure that reliability tests are adequately

planned and that properly certified and calibrated equipment and facilities are provided and
accepted by the procuring activity, prior to the start of reliability testing.

7.1.1 - This section establishes basic requirements for test equipment and facilities
used in the performance of reliability tests.

7.2 ~ . Test facilities and apparatus used in the performance of
reliability tests should be capable of providing the test conditions discussed in this handbook.

7.2.1 ~. Test chambers should be capable of maintaining the environmental
conditions of the specified test level. That is, a chamber should be capable ofi

a. Maintaining the ambient and forced air temperatures at the specified
temperature level, + 2°C, during the test. The rate of temperature change of the
thermal medium, in both heating and cooling cycles, should average not less
than 5°C per minute. Chamber and equipment cooling air temperatures should
be monitored continuously, or periodically, at a monitoring frequency sufficient
to ensure proper chamber operation. Means should be provided to intemupt the
programming used in the automatic control of temperature cycling until the
maximum and minimum air tmpemtum requirements are satisfied. Protective
devices should be installed to shut off the equipment being tested and the
heating source, in the case of temperature overruns. However, equipment
cooling should be maintained to prevent overheating of the equipment under
test.

b. Maintaining specified vibration within+ 10 percent for sinusoi&l sweep or
single frequency. For random vibration, the rules specified in 1 through 3 apply:

1. The PSD of the test control signal should not deviate horn specified
requirements by more than:

A. + 100,”-30percent (+ 3 dB, -1 .5dB) below 500 HZ

B. + 100,-50 percent (~ 3 dB) between 500 Hz to 2000 Hz
2. Deviations as large as+ 300 percent (+ 6dB) and -75 percent (- 6 dB) should

be allowed over a cumulative bandwidth of 100 Hz maximum, between 500
HZ and 2000 HZ.

3. It is recommended that the vibration equipment be checked for proper
operation after each 24 hours of operation and that vibration be monitored
with automatic devices to prevent overtest conditions.

7.2.2 ~ . The equipment should be cooled by means of its designed-in
cooling system. When it is not practical to test the equipment and its cooling system as a unit.
simulated coolant conditions and attributes used should be included in the test procedures.
Regardless of the method of cooling. all equipment should be tested under contractually specified

1(N
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mission and environmental profiles. The coolant attributes should be as specified in 7.?.2. 1 and
7.2.2.2.

7.2.2.1 ~
●

When there is little or no mixing between the chamber medium.
and the coolant such as, in the ducted liquid, ducted gas, or direct blast gas methods, the coolant
should be:

a. The type to be used operationally
b. At the maximum temperature and the minimum rate of flow (in accordance

with input requirements in the individual equipment specification), when the
chamber temperature is at the highest

c. At the minimum temperature and the maximum rate of flow when the
chamber temperature is at its lowest. (When the chamber temperature is
below the specified lower limit temperature for cooling air, and the equipment
is turned OFF, the cooling air supply should correspond to conditions
anticipated in the equipment installation.)

7.2.2.2~. When the gas within the chamber is used as the coolant,
itshould be:

a. At a temperature which permits the required test level in the approved test
procedure to be attained

b. At the minimum rate of flow (per cookmt input requirements in tested
equipment specification) when the chamber temperature is at the highest

c. At the maximum rate of flow when the chamber temperature is at the lowest

7.2.3 ~
.

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

7.2.4 ~ . The environmental and monitoring test facilities should
be in proper operating condition. All instruments and test instrumentation used in conducting the
tests should have an accuracy of at least one-third of the tolerance for the variable to be
measured.

7.2.5 ~
. .

. The test facility should be tested to ensure that it is
operating properly under the required test conditions. Unless otherwise approved by the
procuring activity, equipment other than the test samples should be used to veri~ proper
operation of the test facility.

1

7.2.6 ~ of~
. , . .

. Unless othenvise specified by the
procuring activity. the test item should be installed in the test facility in a manner which
simulates semice usage. Connections and attached instrumentation should be used only as
absolutely necessa~ for the test. Plugs, covers, and inspection plates not used in operation, but
used in servicing. should remain in place. When mechanical or electrical connections are not
used. the connections normally protected in service should be adequately covered. For tests in
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which temperature values are controlled, the test chamber should be at standard ambient
conditions when the test item is installed. The test item should then be operated to determine
that no malfunction or damage was caused due to faulty installation or handling.

.-
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8. NOTES

8.1 ~ .

General application.

8.2 ~
.

.

This document supersedes all previous issues ofMIL-HDBK-781 and MIL-STD-
781.

8.3 ~ord)-hS@l
.*

.

Combined environmental test conditions
Environmental Stress Screening (ESS)
Environmental test profiles
Life-cycle environment profiles
Mission profiles
Production Reliability Acceptance Tests (PRA~
Reliability DevelopmentKlro* Tests (IUYGT)
Reliability Qualification Tests (RQT)
Reliability test methods
Reliability test plans

8.4 -S frcmp revious W. Marginal notations are not used in this revision to

identify changes with respect to the previous issue due to the extent of tbe changes.

Custodians:
Army - CR
Navy - EC
Air Force -11

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

.

Preparing Activity
Navy - EC

(Project RELI-0076)
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TABLE H. ~ of~ Ah&lA-.
●

1. x Cumulative test time to the ith failure

2. N Total number of failures observed

3. M N-1

4. t Total period of observation

5. p Statistic used to test for trend in the data. The distribution of p is in standardized
normal form.

6. b A growth parameter estimate used to describe the vairation of the failure rate with
time. If the failure rate is increasing, the parameter is greater than one. For a
constant failure rate, it is equal to one. If the ftilure rate is decreasing (growth),
then it is less than one.

7. E An unbiased estimate of the true value of the growth parameter

8. ?. Afier the grown parameterestimate has been obtained, it is possible to estimate
the scale parameter. Aby ~.

9. c2~ Cramer-\’onh4ises goodness-of-fit test statistic, as calculated fkom the
obersvations

10. p(X) Interval estimate of the failure rate at the time of the last ftilure

11. p(t) Interval estimate of the failure rate at a fhture time
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TABLE V. WI V-of
2 . ● . .

r rkl~ f“~ ‘on ~“. . .

2

3

4

5

6

7

8

9

10

15

20

30

60

00

0.20

0.138

0.121

0.121

0.121

0.123

0.124

0.124

0.125

0.125

o~~6

0.128

0.128

0.128

0.129

0.15

0.149

0.135

0.136

0.137

0.139

0.140

0.141

0.142

0.142

0,144

0.146

0.146

0.147

0.147

Level of significance u

1/
For M >100, use values for M = 100.

0.10

0.162

0.154

0.155

0.160

0.162

0.165

0.165

0.167

0.167

0.169

0.172

0.172

0.173

0.173

0.05

0.175

0.184

0.191

0.199

0.204

0.208

0.210

0.212

0.212

0.215

0.217

0.218

0.221

0.221

0.01

0.186

0.231

0.279

0.295

0.307

0.316

0.319

oe323

0.324

o.3~7

0.333

0.333

0.333

0.336

—
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.—

\

Y

N

2
3

4
s
6
7

8
9

10
11
12

13
14

15
16

17

18
19

20
21
22
23

24

25
26
27
28
29

30
35
40

45

50
60
70

80
100

MIL-HDBK-781

TABLE V]. ~F. We ~,
. ● *.

.80

L

0.8065

,6840

.6601

.6568

.6600

.6656

.6720

.6787

.6852

.6915

.6975

.7033

.7087

.7139

.’?188

.7234

.7278

.7320

.7360

.7398

.7434

.7469

.7502

.7534

.7565

.7594

.7622

.7649

.7676

.7794

.7894

.7981

.8057

.8184

.8288

.8375

.8514

u

33.76

8.927

5.328
4.000

3.321
2.910

2.634

2.436
2.287
2.170

2.076
1.998
1.933
1.877
1.829

1.788

1.751

1.718
1.688
1.662
1.638
1.616

1.596

1.578
1.561

1.545

1.530
1.516
1.504
i .450
1.410

1.378

1.352

1.312

1.282

1.259
1.225

L

.90

u

0.5552

.5137

.5174

.5290

.5421

.5548

.5668

.5780

.5883

.5979

.6067

.6150

.6227

.6299

.6367

.6431

.6491

.6547

.6601

.6652

.6701

.6747

.6791

.6833

.6873

.6912

.6949

.6985

.7019

.7173

.7303

.7415

.7513

.7678

.7811

.7922

.8100

72.67

14.24
7.651

5.424
4.339

3.702

3.284
2.989

2.770
2.600
2.464

2.353
2.260

2.182
2.144

2.056

2.004
1.959

1.918
1.881
1.848
1.818

1.790

1.765
1.742

1.720
1.700
1.682

1.664
1.592
1.538

1.495

1.460

1.407
1.367

1.337
1.293

.95

L

0.4099
.4054
.4225

.4415

.4595

.4760

.49 Io

.5046

.5171

.5285

.5391

.5488

.5579

.5664

.5743

.5818

.5888

.5954

.6016

.6076

.6132

.6186

.6237

.6286

.6333

.6378

.6421

.6462

.6502

.6681

.6832

.6962

.7076

.7267
,7423

.7553

.7759

u

151.5

21.96

10.65
7.147
5.521
4.595

4.002

3.589
3.286
3.054
2.870
2.721
2.597
2.493
2.404

2.327

2.259

2.200

2.147
2.099
2.056
2.017

1.982
1.949
1.919

1.892

1.866
1.842

1.820
1.729
1.660

1.606

1.562
1.496
1.447
1.409
1.355

.98

L

0.2944

.3119

.3368

.3603

.3815

.4003

.4173

.4327

.4467

.4595

.4712

.4821

.4923

.5017

.5106

.5189

.5267

.5341

.5411

.5478

.5541

.5601

.5659

.5714

.5766

.5817

.5865

.5912

.5957

.6!58

.6328

.6476

.6605

.6823

.7000

,7148
.7384

u

389.9

37.60
15.96
9.995
7.388

5.963

5.074
4.469

4.032

3.702
3,443
3.235

3.064
2.921
2.800

2.695

2.604
2.524
2.453
2.390
2.333

2.281
2.235

2.192
2.153

2.116
2.083
2.052

2.023
1.905

1.816

1.747

1.692

1.607

1.546
1.499
1.431
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Y

N

2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
35
40
45
50
60
70
80

100
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TABLE VII. ~
. . .. .

.80

L

0.261
.333
.385
.426
.459
.487
.511
.531
.549
.565
.579
.592
.604
.614
.624
.633
.642
.650
.657
.664
.670
.676
.682
.687
.692
.697
.702
.706
.711
.729
.745
.758
.769
.787
.801
.813
,831

u

18.66
6.326
4.243
3.386
2.915
2.616
2.407
2.254
2.136
2.041
1.965
1.901
1.846
1.800
1.759
1.723
1.692
1.663
1.638
1.615
i .594
1.574
1.557
1.540
1.525
1.511
1.498
1.486
1.475
1.427
1.390
1.361
1.337
1.300
1,272
1.251
1.219

L

.90

u

0.200
.263
.312
.352
.385
.412
,436
.457
.476
.492
.507
.521
.533
.545
.556
.565
.575
.583
.591
.599
.606
.613
.619
.625
.631
.636
.641
.646
.651
.672
.690
.705
.718
.739
.756
.769
.791

38.66
9.736
5.947
4.517
3.764
3.298
2.981
2.750
2.575
2.436
2.324
2.232
2.153
2.087
2.029
1.978
1.933
1.893
1.858
1.825
1.7%
1.769
1.745
1.722
1.701
1.682
) .664
1.647
1.631
1.565
1.515
1.476
1.443
1.393
1.356
1.328
1.286

.95

L

0.159
.217
.262
.300
.331
.358
.382
.403
.421
.438
.453
.467
.480
.492
.503
.513
.523

.532

.540

.548

.556

.563

.570

.576

.582

.588

.594

.599

.604

.627

.646

.662

.676

.700

.718

.734
.758

u

78.66
14,55
8.093
5.862
4.738
4.061
3.609
3.285
3.042
2.852
2.699
2.574
2.469
2.379
2.302
2.235
2.176
2.123
2.076
2.034
1.996
1.961
1.929
1.900
1.873
1.848
1.825
1.803
1.783
1.699
1.635
1.585
1.544
1.481
1.435
1.399
1.347

.98

L

0.124
.174
.215
.250
.280
.305
.328
.349
.367
.384
.399
.413
.426
.438
.449
.460
.470
.479
.488
.496
.504
.511
.518
.525
.531
.537
.543
.549
.544
.579
●599
.617
.632
.657
.678
.695
,722

u

198.7
24.10
11.81
8.043
6.254
5.216
4.539
4.064
3.712
3.441
3.226
3.050
2.904
2.781
2.675
2.584
2.503
2.432
2.369
2.313
2.261
2.215
2.173
2.134
2.098
2.068
2.035
2.006
1.980
1.870
1.788
1.723
1.671
1.591
1.533
1.488
1.423

—
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1

Failure
number

1

2

3
4

5
6
7
8

9
10

11
12
13
14

15

2

Failure
time

1.5

3.2
11.8
29.6

53.6
65.2

119.4
265.3

294.0
441.1
465.1

567.0
685.8
831.4
949.7

MJL-HDIIK-781

TABLE VIII. ~ .

3[4

T
.405

1.163

2.468
3.388

3.982
4.177
4.782

5.581

5.684
6.089

6.142
6.340
6.530
6.723

6.856

.405

1.569
4.037
7.424

11.406

15.583
20.366

25.947

31.630

37.720
43.862

50.202
56.733
63.456
70.312

“ Terminated at 1000.0

I

5

[1-xl- 45M
1000

.053

.075

.135

.205

.268

.292

.384

.550

.576

.692
,708
.774

.844

.920

.977

6 I 7

[Y&r]’’%j’xk]4’04%12
40x 10-5

61 X 10-s
97 x 1O-s
81 X 10-3

104 X10-5

551 x 10-5
243 X 10-5

251 X 10-s

9x 10-5

340 x 10-5
7X 10-5

6X 10-5
10 XI O-S
40x 10-5

lox 10-5

40x 10-5

101 x 10-s
199X 10-5
280 X 1O-*

385 X 10-5
937 x 10-5

1181 X 10-5
1432 X 10-5

1441 x 10-s
1781 X 10-5

1788 X 10-s
1794x 10-5
1805 X 10-s
1846 X 10-s

1857 X 10-5
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TABLE]XA. (j - y)~ onMTBF~,, 0.

(k ~ (U.
LOWERCONFIDENCELIMITS FOR MTBF9 ON THE ACCEPTAltlCEBOUNDARY

NUMBER 01
FAILURES

(i)

o
2

3
4

5
6
7
8
9

10
11
12
13
14

15
16

17
18

19

20

21

22
23
24

25

26
27
28

29
30
31
32

33

34

35

36

37
38
39

40

TESTPLAN1-D

TOTAL
TEST TIME

6,60

9.03

10.25

1I .46
12.68
13.91

15,12
16.34

17.55

18.77
19.98
~ ] ‘J()

22.41
23.63

24.84

26.06
27.29
28.50

29.72

30.93

32.15

33.36
34.58
35.79

37.01

38.22

39.44
40,67

41.88

43.10
44.31
45.53

46.74

47.96

49,17

49.50

49.50

49.50
49.50

49.50

y = .50

9.5218

3.3006

2.7074

2.3664
2.1462
1.9328
1.8785
1.7908
1.7210

1.6645

1.6175
1.5781
i .5443
1.5153

1.4839
1.4677
1.4482
1.4307

1.4150
1.4009

1.3881
1.3764
1.3658

1.3551
1.3472

1.3390

1.3314
1.3245

1.3180
1.3120

1.3064
1.3012

1.2964

1.2918

1.2876
1?JC)J

1.2662

1.2493

1.2308

1!2120

d=l.5, a=~O.10

y = .30

5.4818
2.4386

2.0843

1.8726
1.7326
1.6337
1.5591
1.5014

1.4552

1.4177
1.3864
1.3602
1.3376

1.3183
1.3014
i.2866

1.2736

1.2620

1.2516

1.2423

1.2338
1.2262
1.2192
1.2128
1.2070

1.2016
1.1987

1.1922

1.i881
1.1842

1.1806
1.1773

1.1741
1.1713

1.1685

1 1632

1.1533

1.1403

1.1254

I.1097

112

4.1008
2.0589
1.7977

1.6387

1.5324
1.4569
1.3996
1.3553
1.3197

1.2908
1.2667
1.2465
1.2292
1.2143

1.2013
1.1900
1.1802
1.1713

1.1635
1.1564

1.1500
1.1442

1.1390
1.1342
1.1299

1.1259
1.]223

1.1190

1.1159

1.1131
1.1104
1,1080

1.1057

1,1036

1.1017
1 (-)977

1.0899

1.0791

1.0664

t .0526

y= to

2.8864
1.6531

1,4811
1.3743

1.3022
1.2508
1.2117
1.1814
1.1571

1.1374

1.1210
1.1074

1.0957
1.0858

1.0772
1.0697
1.0632
1.0574

1,0523

1.0477

1.0437
1.0400
1.0367
1.0337
1.0310

1.0285

1.0263
1.0243

1.0224

1.0207
1,0192
1.0177

1.0164

1.0152

1,0141

1.0116

1.0064
.9987

.9890

.9780

1“
y = .05

2.2031
1.3957
1.2737

1.1971

1.1453
1.1083
i .0802
1.0585
1.0412
1.0273

1.0158
1.0063
.9982
.9913

.9854

.9804

.9760

.9722

.9688

.9658

.9532

.9608

.9588

.9569

.9552

.9537

.9523

.9511

.9500

.9490

.9481

.9472

.9465

.9458

.9452
9437

.9404

.9351

.9279

.9194

.
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TABLE IXA. (~) loo~erc~” on MT- ac~ de~w
., . .

(k - @L~. (Continued)

LOWER CONFIDENCE LIMITS FOR MTBF(3ONTHEACCEPTANCEBOUNDARY

TESTPLAN11-D d= 1.5, a=~=O.20

NUMBEROF TOTAL
FAILURES TESTTIME y = .50 y= .30 y= .20 Y=.10 y = .05

(i)

o 4.19 6.0449 3.4801 2.6034 1.8197 1.3987
1 5.40 3.1261 2,1477 1.7475 1.3425 1.0984
2 6.62 2.3601 1.7401 1.4669 1,1746 .9889
3 7.83 2.0077 1.5412 1.3264 1.0887 .9326
4 9.05 1.8069 1.4246 1.2432 1.0376 .8993
5 10.26 1.6768 1.3478 1.1882 1.0039 .8776
6 I 1.49 1.5873 1.2946 1.1501 .9808 .8631
7 12.71 1.5~]g 1.2555 1.1222 .9641 .8527
8 13.92 1.4718 1.2256 1.1009 .9515 .8451

9 15.14 I .4330 1.2024 1.0844 .9419 .8394
10 16.35 1.4019 1.1839 1.0714 .9344 .8351
11 17.57 1.3769 1.1691 1.0610 .9286 .8317

i2 18.78 1.3563 1.1568 1.0525 .9239 .8292

13 19.99 1.3392 1.1467 1,0455 .9201 .8271 ,

14 21.21 1.3249 1.1384 1.0398 .9 I70 .8255 ,

15 21.90 1.3072 1.1273 1.0320 .9127 .8232 ‘

16 21.90 1.2764 1.1059 1.0155 .9023 .8169
17 ~ I .90 ] .2420 1.0799 .9943 .8874 .8068

18 21.90 1.2109 1.0546 .9727 .8709 .7946
.
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TABLE IXA, (1-V) 100 ~ acce~
. . . .

(-& ))0(Continued)

LOWEI?CONFIDENCELIMITS FOR MTBF8 ON THE ACCEPTANCEBOUNDARY

TEST PLAN 111-Dd = 2.0, a = f)= 0.10

NUMBER OF

FAILURES

(i)

TOTAL

TEST TIME y = .50 y = .30 y = .20 Y =.10 y = .05

0
1
2
3
4

5

6
7

8
9

10
11

12

13
14

15

4,40

5.79
7.18

8.56
9.94

11.34

12.72
14.10
15.49
16.88
18.26
19.65

20.60

20.60
20.60

20.60

6.3479
3.3364

2.5435
2.1789

1.9708
1.8385

1.7466
1.6799
1.6300
1.5916
1.5613
1.5371

1.5112

1.4661
1.4173

1.3755

3.6546
2.2913
1.8741
1.6712

1.5521

1.4754

1.4218
1.3827
1.3535
1.33)1
1.3135
1.2995

1.2839

1.2530

1.2163
1.1825

2.7339
1.8638

1.5790

1.4372
1.3532

1.2992

1.2614
].~339

1.2135
1.1980
1.1858
1.1763

1.1654

1.1418
1.1120
1.0830

1.9109
1,4311
1.2633

1.1783
1.1278
1.0956

I .0734
1.0575
1.0459
1.0372
1.0305
1.0254

1.0194

! .0045
.9835
,9613

1.4688
1.1704
1.0627

1.0080
.9760

.9559

.9424

.9329

.9262
,9? ]3

.9177

.9]50

.9117

.9026

.8882

.8715

LOWER CONFIDENCE LIMITS FOR MTBF 6 ON THE ACCEPTANCE BOUNDARY

TESTPLANIV-D d = 2.0, a=~=O.20

NUMBER OF

FAILURES

TOTAL

TEST TIME Y = .50 y = .30 y = .20 Y= *10 y = .05

(i )

4.0395 2.3256

2.3277 1.5933

1.8907 1.3822
1.6995 1.2865

! .977 1.2351

1.5385 1,2054

1.4486 1.1502
1,3763 1.0986

0

1

2

3
4

5
6
7

2.80

4,18

5.58
6.96

8.34

9.74
9.74
974

1.7397
1.2927

1.1581
1.0968
1.0643
1.0459
1.0066
.9662

1.2160

.9880

.9181

.8869

.8710

.8626

.8403

.8133

.9347

.8042

.7650

.7485

.7407

.7368

.7245

.7069

114
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TABLE lXA. (~ MTBF ~
., . .

(ti& )). (c~ntinued)

LOWERCONFIDENCELIMITSFORMTBFe ONTHEACCEPTANCEBOUNDARY

TESTPLANV-D d = 3.0, a=~ =0,10

NUMBER OF TOTAL
FAILURES TEST TIME

(i)

o
1

2
3
4
5
6

3.75
5.40
7.05

8.70
10.3s
10.35

10.35

y = .50

5.4101
3.0397
~t420g

2.1462
1.9966
1.1947
1.6326

y = .30

3.1147
2.0831

1.7755
1.6333

11.5547
] .4266

1.3112

y = .20

2.3300
1.6915
1.4909
1.3972
1.3457
1.2504
1.1575

Y=.10 y = .05

1.6286
1.2950
1.!861
1.1357
1.1087
1.0481

.9811

1.2518
1.0557

.9918

.9633

.9487

.9093

.8600

LOWERCONFIDENCELIMITSFORMTBFe ONTHEACCEPTANCEBOUNDARY

TESTPLANVI-D d=3.0, a=~= 0.20

NUMBER OF

FAILURES
(i)

o
1
2

TOTAL
TEST TIME Y= .50 y = .30 y = .20 Y=.10 Y= .05

(

2.67 3.8520 2.2177 1.6590 1.1596 .8913

4.32 2.3418 1.5980 1.2932 .9842 .7974

4.50 1,6344 1.2039 1.0142 .8111 .6818

LOWERCONFIDENCELIMITSFORMTBF8 ONTHEACCEPTANCEBOUNDARY

TEST PLANVII-D d=l.5, a= f3= 0.30

NUMBER OF TOTAL

FAILURES TEST TIME

o
1
-)

.3

4

5

3.15
4.37

5.58

6.80
6.80

6.80

y = .50 y = .30 y = .20 y=.lo

4.5445

2.4854
1.9410
1.6951
1.4214
]+~14~

2.6163
1.7049
1.4273
i.2959
1.1207
.9756

1.9572 1.3680
1.3856 1.0622
1?007 .9580
1.1118 .9077
.9784 .8175
.8611 .7302

y = .05

1.0515

.8673

.8035

,7733

.7092

.6412
J
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TABLE IXA. (J-V] ~t de-
,. . .

(her - @@ )). (Continued)

LOWERCONFIDENCELIMITSFORMTBF0 ONTHEACCEPTANCEBOUNDARY

TEST PLAN VIII-D d = 2.o, a=~=O.30

NUMBER OF
FAILURES

(i)

o
1

2

TOTAL
TEST TIME y = .50 Y = .30 y = .20 Y =.10 Y = .05

1.72 2.4814 1.4286 i .0687 .7470 .5742
3.10 1.6120 1.0939 .8814 .6656 .5352
4.50 1.3867 1.0011 .8298 .645 I .5268
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TABLE IXB. (1 - Y) 100~F a~
,, . .

~iuu
UPPERCONFIDENCELIMITSFORMTBF0 ONTHEACCEPTANCEIWUNDARY

TESTPLANI-D d=l S, c=~=oo]()

NUMBER OF TOTAL
FAILURES TEST TIME y = .50 y = .30 y = .20 Y=.10 y = .05

(i)
o 6.60 11 l] 11 1’ J/

2 9.03 4.5976 7.0344 9.3651 14.5198 21.7317
3 10.25 3.3006 4.6155 5.7565 8.0215 10.8141
4 11.46 2.7074 3.6017 4.3365 5.7125 7.2981
5 12.68 2.3664 3.0469 3.5864 4.5592 5.6329
6 13.91 2,1462 2.6995 3.1268 3.8772 4.6806
7 15.12 1,9928 2.4623 2.8179 3.4297 4.0699
8 16.34 1.8785 2.2886 2.5942 3.1118 3.6437
9 17.55 1.7908 2.1567 2.4260 2.8759 3.3316

10 18.77 1.7210 2.0527 2.2941 2.6931 3.0924
11 19.98 1.6645 1.9690 2.1886 2.5482 2.9043
12 21.20 1.6175 1.8998 2.1017 2.4297 2.7517
13 ~2m4] 1.5781 1.8420 2.0294 2.3317 2.6262
14 23.63 1.5443 1.7927 1.9679 2.2488 2,5205
15 24.84 1.s153 1.7504 1.9153 2.1782 ~.430g

16 26.06 1.4899 1.7135 1.8695 2.1169 2.3534
17 27.29 1.4677 1.6812 1-8295 2.0635 2.2862
18 28.50 1.4482 1.6529 1.7944 2.0169 2.2276
19 29.72 I.4307 t .6275 1.7630 1.9752 2.!7S4
20 30.93 1.4150 1.6048 1.7349 1.9381 2.1290
21 32.15 1,4009 1,5843 1.7096 1.9046 2.0873
22 33.36 1.3881 1.5657 1.6868 1.8745 2.0499
23 34.58 1.3764 1.5488 1.6659 1.8472 2.0159
24 35.79 1.3658 1,5335 1.6470 1.8224 1.9852
25 37.01 1.3561 1.5194 1.6297 1.7996 1.9571
26 38.22 1.3472 1.5065 1.6138 1.7788 1.9315
27 39.44 1.3390 1.4945 1.5991 1.7597 1.9079
28 40.67 1.3314 1.4836 1.5857 1.7421 1.8863
29 41.88 1.3245 1.4735 1.5733 1.7260 1.8666
30 43.10 1.3180 1.4641 1.5618 1.7110 1.8482
31 44.31 1.3120 1.4554 1.5511 1.6971 1.8312
32 45.53 1.3064 1.4472 1.5411 1.684 I 1.8154
33 46.74 1.3012 1.4397 1.5318 1.6721 1.8008
34 47.96 1,2964 1.4325 1.5231 1.6608 1.7872
35 49.17 1.2918 1,4259 1.5150 ! ,6503 1.7745
36 49.50 1.2876 1.4!97 1.5073 1.6405 1.7627
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.s0 1.2493 1.3705 1.4512 1,5746 1.6889
40 49.50 1.2308 1.3485 1.4272 1.5479 I .6606

,<
‘ ‘The upper limit on O is infinite, with zero observed ikilures
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TABLE lXB. (j-v) 100 ~RF ~
. . . .

.
(UJZE4QUQLU).(continued)

UPPER CONFIDENCE LIMITS FOR MTBF S ON THE ACCEPTANCE BOUNDARY

NUMBER OF
FAILURES

1

2
3
4
5

6
7

8
9

10
11
12
13
14
15
16
17
!8

TEST PLAN ii-D d = 1.5, a=~=o.zo

TOTAL
TEST TIME

(i)

5.40
6.62
7.83

9.05
10.26

11.49

12.71

13,92
15.14
16.35

17.57
18.78
19,99
21.21
21.90

21.90
21.90

21,90

y = .50

6.0449

3.1261
2.3601

2.0077
1.8069
1.6768

1.5873

1,5218
1.4718
1.4330
1.4019
1.3769
1.3563
1.3392
1.3249

1.3072
1.2764

1.2420

y = .30

11.7474
4.7865
3.3054

2.6766
2.3329
2.1162

1.9693

1.8630
1.7827
1.7207
1.6713
1.6317

1.5992
1.5722
1.5498

1.5233
1.4819

).4391

y = .20

18.7771

6.3746
4.1254

3.2260
2.7497
2.4553

2.2585

2.1175
2.0117
1.9307
1.8666
1.8153
I .7735
1.7389
1.7103
1.6776

1.6293

1.s8!8

Y =.10

39.7682
9.8867
5.7531
4.2544

3.5009
3.0507
2.7563

2.5491
2.3961
2.2801

2.1895
2.1179
2.0599
2.0127
I .9739

1.9316
1.8743

1.8219

UPPER CONFIDENCE LIMITS FOR MTBF 0 ON THE ACCEPTANCE BOUNDARY
TEST PLAN U1-1) d=2.0, a=~=O.10

NUMBER OF
FAILURES

(i)

TOTAL
TEST TIME Y= .50

0
1
2
3
4
5
6
7
8
9

10
11
12
13
14
!5

4.40
5.79
7.18
8.56
9.94

11.34
12.72
14.10
15.49
16.88
18.26
!9.65
20.60
~o,60

20.60
20.60

y

6.3479
3.3364
2.5435
2.1789
1.9708
1.8385
1.7466
1.6799
1.6300
1.5916
1.5613
1.5371
1,5112
1.4661
1.4173

y = .30

J/

12.3362
5.1098
3.5638
2.9069
2.5470
2.3236
2.1710
2.0615
1.9802
1.9181
1.8692
1.8303
17905
1.7287
1.6671

y = .20

y

19.7182
6.8060
4.4489
3.s047
3.0036
2.6983
2,4928
2.3469
2.2395
2.1579
2.0941
2.0438
19936
1.9206
1.85!5

y = .05

81.6886
14.8006
7.7597

5.4393
4.3300

3.6884
3.2780

2.9943
2,7881
2.6339

2.5150
2.4221
2.3480
2.2884
2.2403

2.1901
2.1273

2.0744

Y=.!0 I y = .05

y y

41.7613 85.7828
10.5571 15.8052
6.2057 8.3716
4.6238 5.9135
3.8270 4.7365
3.3570 4.0641
3.0484 3.6333
2.8333 3.3390
2.6775 3.1295

2.5608 2.9752
2.4709 2.8585
2.4009 2.7693
2.3339 2.6873
2.2453 2.5880
2.1682 2.5092

1’The upper Ilmit on 0 is infinite. with lero observed failures
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TABLE IXB. (1 - v ) 10~M~
. . . .>

(W~&~,~)). (Continued)

UPPERCONFIDENCELIMITSFORMTBF0 ONTHEACCEPTANCEBOUNDARY
TESTPLANIV-D d=2.0, a=~=().z()

NUMBER OF
FAILURES

(i)

o
1

2
3
4

5
6
7

TOTAL
TEST TIME y = .50 y = .30 y = .20 Y=.10 y = .05

2.80
11 JI J/ J/ J/

4.18 4.0395 7.8503 12.5480 26.5754 54.5891
5.58 2.3277 3.5732 4.7640 7.3975 11.0817
6.96 1.8907 2.6681 3.3453 4.6985 6.3838
8.34 1.6995 2.2978 2.7963 3.7496 4.8858
9.74 ! .5977 2.1073 2.5225 3.3033 4.2253
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 e ON THE ACCEPTANCE BOUNDARY

TEST PLAN V-D d = 3,0, a=~= 0.10

NUMBER OF
FAILIJRES

(i)

TOTAL

TEST TIME

o
1
2

3
4

5

6

3.75
5,40

7.05

8.70
10.35
10.35
10.35

J/

5.4101

3.0397
2.4208

2.1462
1.9966
1.7947

J(

10.5138

4.6625

3.4052
2.8849
2.6113
2.3001

Jl

16.8053

6.2143
4.2604
3.4956
3.1057

2.7039

JI

35.5920

9.64s9
5.9625
4.6508
4.0178
3.4489

y = .05

73.1;04

14.4469

8.0694
6.0038

5.0622
4.3109

UPPER CONFIDENCE LIMITS FOR MTBF 6 ON THE ACCEPTANCE BOUNDARY

TEST PLAN VI-D d = 3.0, a = ~ = 0.20

NUMBER OF TOTAL
FAILURES TEST TIME y = .50 y = .30 y = .20 Y=.10

(i)

o 2.67
JI 1/ J/ II

1 4.32 3.8520 7,4858 11,9654 25.3415
~ 4.50 2.3418 3.6027 4,8080 7.4730

y = .05

52.0546
11.~olo”

1’ The upper limit on (1is infinite, with zero observed failures
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TABLE lXB. (J - v ) 100
.,

F a-t decl~. .

~

UPPER CONFIDENCELIMITSFOR MTBF e ON THE ACCEPTANCEBOUNDARY

TEST PLAN VII-D d = 1.5, a = ~ = 0.30

—

NUMBER OF
FAILURES

(i)

o
1

2
3
4
s

TOTAL
TEST TIME y = .50 y = .30

3.15 I
Jr

I
JI

4,37 4$5445 8.8316
5.58 2.4854 3.8096
6.80 1.9410 2.7236
6.80 1.6951 2.2673
6.80 1.4214 1.8373

‘=”20I ‘=”’0ly=”05
1 I

I Jt I JI

14.1165 29.8973 61.4127
5,0760 7.8765 11.7945
3.4022 4.7491 6.4095
2.7375 3.6186 4.6358
2.1686 2.7706 3.4423

UPPERCONFIDENCELIMITSFORMT’BFe ONTHEACCEPTANCEBOUNDARY

TESTPLANVIII-D d = 2.0, a=~= 0.30

NUMBER OF TOTAL
FAILURES TEST TIME y = .50 y = .30 y = .20 Y=.10 y = .05

(i)

o 1.72
J/ Al ~1 J/ J/

1 3.10 2.4814 4.8223 7.7080 16.3249 33.5333

2 4.50 1.6120 2.4894 3.3277 5.1811 7.7733

1’ The upper limit on 0 is infinite, with zero observed failures
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TABLE XA, (J - v ) 100 perc~ -d c~
., . . .

(~’r- ~-

LOWER CONFID~NC~LIMITS FOR MTBF S ON TI{E REJIXTION BOUNDARY

TEST PLAN I-D d= 1.5, a=~= o.]o

NUMBER OF TOTAL
FAILURES TEST TIME y= .50 y= .30 y= .20 y=.lo y = .05

(t)

6 .68 ,1199 .0971 .0860 .0733 .0647
7 1.89 .2835 .2331 .2083 .1795 .15%
8 3.11 .4072 .3389 .3049 .2849 ,2371
9 4.32 .5031 .4228 .3824 .3346 .3010

10 5.54 .5815 .4926 .4476 .3939 .3559
II 6.75 .6454 .5505 .5021 .4441 .4028
12 7.97 .6997 .6004 .5495 .4881 .4443
13 9.18 .7453 .6430 .5902 .5264 ,4806
14 10.40 .7852 .6806 .6265 .5606 .5132
15 11.61 .8194 .7134 .6582 .5909 .5422
16 )2.83 .8499 .7428 .6868 .6184 .5687
17 14.06 .8773 .7695 .7129 .6436 .5932
18 15.27 ,9012 .7929 .7360 .6860 .6150
!9 16.49 .9228 .8143 .7572 .6867 .6352
20 17.70 .9420 .8336 .7763 .7055 .6537
21 18.92 .95% .8513 .7940 .7230 .6709
22 20.13 .9754 .8674 .81OI .7390 .6867
23 21.35 .9901 .8824 .8251 .7540 .7016
24 22.56 !.0033 ,8960 .8389 .7678 .7!s3
25 23.78 1.0157 .9088 .8518 .7808 .7282
26 24.99 1.0269 .9205 .8637 .7928 .7402
27 26.21 1.0374 .93 I5 .8749 .804 I .7516
28 27.44 I .0473 .9420 .8855 .8149 7624
29 28.65 1.0562 .9s15 .89s2 .8248 .7723
30 29.85 1.0644 .9602 .9042 .8339 .7815
31 31.08 1.0723 .%86 .9129 .8428 .7905
3? 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 1.0091 .9546 .8858 .8338
38 39.59 1.1145 1.0145 .9603 .8916 .8397
39 40.82 1.1193 1.0198 ,%58 .8973 .8454
40 42.03 1.1236 1.0246 ,9708 .9025 .8506
41 43.10 1,1269 1.0283 .9746 .9064 .8546
41 44.31 1.1369 1.0388 .9853 .9170 .8649
41 45.53 1.1s17 1.0536 .9998 .9308 .8779
41 46.74 1.1691 I .0703 1,0159 .9457 .8914
41 47.% 1.1880 1.0880 1.032S .9607 .9047
41 49,1’7 i .2069 1,1051 I .0484 .9745 .916S
41 49.50 1,2120 1.1097 1.0526 .9780 .9194
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TABLE XA. (j-y) 10~ on NllTIF ~
. . . . .

(w~(. (Continued)

LOWER CONFIDENCE LIMITS FOR MTBF 6 ON THE REJECTION BOUNDARY

TEST PLAN II-D d=l.5, a-~= 0.10

NUMBER OF
FAILURES

3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
19
19
19

TOTAL
TEST TIME

(t)

.24
1.46
2.67
3.90
5.12
6.3S
7.55
8.76
9.98

tl.19
12.41
13.62
14.84
16.05
17.28
18.50
18.78
19.99

‘21.21
21.90

,0898
.3981
.5831
.7133
.8075
.8783
.9347
.9794
,0165
.0468
.0725
.0938
.I122
.1277
.1413
.1530

1,1S36
1.1675
!,1937
1.2109

y = .30
I

y = .20

.0664

.3069

.4605

.5733

.6577

.7231

.7765

.8198

.8S64

.8869

.9131

.9352

.9544

.9708

.9854

.9980

.9986
1.0135
1.0389
1.0546

.0561

.2649

.4028

.5063

.S851

.6472

.6985

.7406

.7765

.8067

.8328

.8549

.8743

.8909

.9056

.9184

.9191

.9340

.9582

.9727

y=.lo

.0451

.2187

.3380
,4299
.5015
.5590
.6073
.6474
.6821
.7114
.7370
.7588
.7780
.7944
.8090
.8216
.8223
.8368
.8s86
.8709

y =,05

.0381

.1884

.2947

.3782

.4444

.4983

.5440

.5824

.6158

.6442

.6691

.6903

.7090

.7249

.7390

.7511
,7S19
,7654
.7844

J2_l
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TABLE XA. (J -y) ~d c~T’F!F afkugwct deu,sun
,. . . .

(~~l~ti). (Cmtinued)

LOWER CONFIDENCE LIMI1’S FOR MTBF 0 ON THE REJECTION BOUNDARY

TEST PLAN 111-D d = 2.0, a=~= 0.10

NUMBER OF TOTAL
FAILURES TEST TIME y = .50 y = .30 y = .20 y=.lo y =.05

(t)

3 .70 .2618 .1936 ,1636 .1315 .1112
4 2.08 .5724 ,4403 .3798 .3131 .2696
5 3.48 .7696 .6062 .52% .4437 .3865
6 4,40 .8403 ,6700 .5894 .4983 .4371
6 4.86 .9027 .7232 .6377 .5405 .4751
7 5.79 .9535 .7708 .6832 .5830 ,5151
7 6.24 .9998 .8117 .7210 .6169 .5460
8 7.18 1.0383 .8488 .7570 .6S12 .5788
8 7,63 1.0746 .8818 7880 .6795 .6050
9 8.56 1.1037 .9107 .8164 .7069 .6315
9 9.02 1.1332 .9382 .8425 ,7312 .6541

10 9.94 1.1556 .9610 .8652 .7534 .6758
10 10.40 1.1793 .9836 .8870 .7738 .695 I
11 11.34 1.1980 1,0029 .9063 ,7930 .7138
11 11.79 1.2)70 1.0214 .9244 .8100 .7300
12 12.72 1,2319 1.0371 ,9402 .8258 .7454
12 13.18 1.2479 I .0s30 .9557 .8406 .7595
13 14.10 1.2599 1.0657 .9687 .8536 .7722
13 14.56 1.2731 1.0790 .9818 .8661 .7841
14 15.49 1.2831 1.0899 .9929 .8772 .79s0
14 15.94 ~?939 1.1009 1.0038 .8877 .8049
15 16.88 1.3025 1.I102 1.0133 ,8973 .8142
15 i 7.34 1.3118 1.1A99 1.0229 .9064 .8227
16 18.26 1,3187 1.1275 1.0307 .9142 .8303
16 19.65 1.3484 1.1572 I !0595 .9409 .8543
16 20.60 1.3755 1.1825 1.0830 .%13 .8715
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TABLE XA. (1 - Y) l~d c~ on MT~ect d~
., . . ..

(lower - e’l ( y ,t)). (Continued)
T

LOWER CONFIDENCE LIMITS FOR MTBF 8 ON THE REJECTION BOUNDARY

TEST PLAN IV-D d = 2.0, ~scp= 0.20

NUMBER OF
FAILURES

TOTAL
TEST TIME y= .50

(t)
y = .30 y = .20 Y =.10 y = .03

2
3
4
4
5
5
6
6
7
7
8
8

.70
2.08
2.80
3.46
4.18
4.86
5.58
6.24
6.96
7,62
8.34
9.74

.4!71

.g]~7

.8914
1.0284
1.0734
1.1634
1.1910
1.2478
1.2654
1.3031
1.3147
1.3763

.2870

.5944

.6843

.7767

.8193

.8977

.9251

.9767

.9948
10301
1,(~423
1.0986

.2338

.4997

.5646

.6644

.7052

.7768

.8036

.8515

.8694

.9026

.9146

.9662

.1800

.3996

.4578

.5428

.5809

.6438

.6693

.7120

.7291

.7586

.7700

.8133

.1476

.3367

.3898

.4646

.5004

.5567

.5809

.6192

.6353

.6612

.6717

.7069

LOWER CONFIDENCE LIMITS FOR MTBF OON THE REJECTION BOUNDARY

TEST PLAN V-D d = 3.0, a=~=O.10

I NUMBER OF [ TOTAL I I I I I
1

FAILURES TEST TIME
(t)

y =.50 y =.30 y =.20 Y=.10 y =.05

.57
2.22
3.75
3.87
5.40
5.52
7.05
7.17
8.70

10.35

.33%

.8514
1.0993
1,1275
1.2816
I .3007
1.4030
1.4164
1.4866
1.6326

.2337

.6256

.8334

.8559

.9932
I .0094
1.1049
1.1166
1.1845
1.3112

.1904

.5271

.7141

.7338

.8613

.8758

.9664

.9772
1.0427
1.1575

.)465

.4225

.5845
6010

.7156

.7282

.8118

.8213

.8825

.9811

.1202

.3564

.5008

.5152

.6200

.6313

.7089

.7175

.7746

.8600

2
3
4
4
5
5
6
8
7
7

LOWER CONFIDENCE LIMITS FOR MTBF OON THE REJECTION BOUNDARY

TEST PLAN VI-D d = 3.0, a=~=O.20

NUMBER OF TOTAL
FAILURES TEST TIME y = .50 Y = ,30 y = .20

(t)

7 76 ?145 1476 I gfl~

i 2.67 1.0053 ,7422 .6266
3 4 3? 15801 1 1648 9819
3 4 5(-) 16744 I ~~39 I 0142

y=,lo
I

y = .05

(Yml 0759
.5034 .4253
7862 .6618
8!11 6818

------------- -. . . .
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TABLEXA. (~er r~
., . 0..

(~wer- @J y Q (Continued)

l.OWER CONFIDENCE LIMITS FOR MTBF OON THE REJECTION BOUNDARY

TEST PLAN VII-D d=l.5, a=()=O.30

NUMBER OF TOTAL
FAILURES TEST TIME

(t)

3 I ,22
4 2.43
5 3.15
5 3.65
6 4.37
6 5.58
6 6.80

y = .50

.4562

.6856

.7501

.8322

.8743
1.0323
1.2142

y = ,30 y = .20 Y=.lo

.3374

.5245

.5824

.6511

.6908

.8263

.9736

.2851

.4513

.5052

.5671

.6050
,7283
,86! 1

.2292

.3710

.4199

.4735

.5089

.6172
,7302

y = .05

.1938

.3188
,3638
.4115
.4448
.5422
.6412

LOWER CONFIDENCE LIMITS FOR MTBF e ON THE REJECTION BOUNDARY

TEST PLAN VIII-D d = 2.0, u=p=o.30
*

NUMBER OF TOTAL
FAILURES TEST TIME y= .50 Y= .30 y = .20 y=.lo y = .05

(t)
,

3 1.72 .6432 .4757 .4020 .3232 .2732
3 3.10 1.1121 .8183 .6885 .5494 .4605
3 4.50 ‘ 1.3867 1.0011 .8298 .6451 .5268

125
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MJL-HI)BK-781

TABLE XB. (l-y) 100- ~T13~ ~
. . . . .. )

hu2.lx&Q@JIL

UPPER CONFIDENCE LIMITS FOR MTBF 6 ON THE REJECTION BOUNDARY

TEST PLAN I-D d=l.5. a.~ =010

NUMBER OF
FAILURES

6
7
8
9

10
II
12
13
14
15
16
17
!8
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
3s
36
37
38
39
40
41
41
41
41
41
41
41

TOTAL
TEST TJME

(t)

.68
1.89
3.11
4.32
5.54
6.75
7,97
9.18

10.40
11.61
12.83
14.06
15.27
16.49
17.70
18.92
20.13
21.35
22.56
23.78
24.99
26.21
27.44
28.65
29.85
31.08
32.30
33.51
34.73
35.94
37.16
38.37
39.59
40.82
42.03
43.10
44.31
43.53
46.74
47.96
49.17
49.5(-)

y= .50

.1199

.2835

.4072

.5031

.5815

.6454

.6997

.7453
,7852
.8194
.8499
.8773
.9012
,9228

.9420

.9596

.9754

.9901
1.0033
1.01s7
1.0269
1.0374
A.0473
1.0562
1.0644
1.0723
1.0797
1.0864
1.0928
1.0987
1.1044
1.1096
1 1145
1.1193
1.1236
1.1269
1,1369
1.1517
1.1691
I 188(1
1.2069
1,2120

y = .30

. I505

.3494

.495 I

.6052

.6933

.7636

.8224
,8711
.9129
.9484
,9796

1.0073
1.0311
1.0525
1.0713
1.0884
1.1036
1.1176
1.1301
1.1416
1.1521
1.1617
1.1708
1.1790
1.1863
1.1934
1.2000
1.2060
1.2116
1.2168
1,2217
1.2262
1 ~305

1,2345
1.2382
1.2410
1,2500
~,2642

1.2816
13011
1.3213
13268

y = .20

.1742

.3995

.5609

.6807

.7751

.84%

.9111
,9614

1.0042
I ,0402
1.0716
1.0992
1.1228
1.1438
1.1621
1.1786
1.1932
1.2065
1.2184
1.2293
1.2391
1.2481
) .2565
1.2640
1.2708
1.2772
1.2832
1.2886
1.2936
1.2982
1.3026
1.3066
1 3!03
1.3139
1.3172
1.3195
1.3277
1.3410
1.3580
1,3776
1.3982
14038

Y =.10

.2157

.4855

.6724

.8074

.9114

.9917
1.0567
I.109O
1.1528
1.1890
]~~o]

1.2472
1.2700
I?900

I .3073
1.3227
1.3361
1.3482
1.3589
1.3686
1.3772
1.3851
1,3923
1.3988
I .4045
I .4099
1,4148
1.4193
1.4234
1.4271
1,4306
1.4338
1.4367
1.4395
1.4420
1.4438
1.4505
1.4621
1.4777
I 4965
1.5170
i 5~~8

y = .05

.2602

.5757

.7873

.9365
1.0488
1.1339
1.2015
1.2550
] .299]

1.3350
1.3654
1.3915
1.4132
1.4320
1.4480
1.4621
1.4742
i .4850
I .4944
1.5029
1.5103
1.s170
1.5231
1.S285
1.5332
I 5376

1.5416
1.5451
1.5484
1.5513
1.5540
I .5564
1.5586
1.5607
1.562S
1.5638
1.5690
1.5786
1.5922
1.6095
I 6291
16347
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MIL-HDBK-781

TABLEXB. (1-v) 100nerc~ct _
. . . . .

(mlQjJ.uu (~~ntinued)

UPPER CONFIDENCE LIMITS FOR MTBF (1ON THE REJECTION BOUNDARY

TEST PLAN II-D d= 1.5, a=~= 0,20

NUMBER OF
FAILURES

3
4
5
6
7
8
9

10
II
12
13
14
15
16
17
18
19
19
19
19

TOTAL
TEST TIME

(t)

.24
1.46
2.67
3.90
5.12
6.33
7,55
8.76
9.98

11.19
12.41
13.62
14.84
16.05
17.28
18.50
18.78
)9.99
21.21
2].90

y=.so

.0898

.3981

.5831

.7133

.8075

.8783
,9347
.9794

1.0165
I .0468
1.0725
1.0938
1.1122
1.1277
1.1413
1.1530
1.1536
1.!675
1.1937
I.2109

y = .30

.1254

.5291

.7537

.9040
1,0081
1.0837
1,1420
1.1869
1.2232
1.2522
1.2762
1.2958
1.3123
1.3260
1.3379
I .3479
1.3483
I .M04
1.3854
1.4029

y = .20

.1563

.6369

.8902
1.0538
1.1638
1.2415
1.3000
1.3442
1.3792
1.4066
1.4289
1.4468
1.4617
1.4738
1.4842
1.4928
1.4932
i .5035
1.5266
1.5436

y=.lo y = ,05

.2178

.8389
1.1394
1.3224
1.4395
1.S186
1.5758
1.6174
1.6492
1.6732
1.6922
1.7070
1.7188
1.7282
1.7360
1.7422
1.7425
1.7494
1.7686
1.7833

.2935
1.0720
1.4185
1.6179
1.7392
1.8173
1.8715
1.9093
1.9370
1.9572
1.9726
1.9840
I .9929
1.9996
2.0050
2.0092
2.0093
2.0142
2.0277
2.0392



MIL-HDBK-781

TABLE XB. (J - Y) 100_ - co~ ~n M~F _IeCI *
.0 ,r ,..

(JQpe r - @U.Q). (Continued)

UPPERCONFIDENCELIMITSFOR MTBF OON THE REJECTION BOUNDARY

TEST PLAN III-D d=2.0, a=~=OIO

NUMBER OF TOTAL
FAILURES TEST TIME y = .50

(t)

3
4
5
6
6
7
7
8
8
9
9

10
10
II
11
12
12
13
13
14
14
15
15
16
16
16

,70
2.08
3.48
4.40
4,86
5.79
624

7.18
7.63
8.56
9<-j~

9.94
10.40
11.34
11.79
12,72
13.18
i4. iQ
14.56
15.49
15.94
16.88
I 7.34
18.26
19.65
2060

.2618

.5724

.76%

.8403

.9027

.9535

.9998
1.0383
1.0746
1.1037
1.1332
1.1556
1.1793
1.1980
1.2170
1.2319
1.2479
i .2599
1.2731
1.2831
1.2939
1.3025
1.3118
1.3187
1.3484
I 3755

y= .30

.3658

.763 I

.9986
1.0760
1.1491
1.2023
1.2542
1.2931
1.3322
1.3606
1.3913
1.4125
1.4364
1.4536
1.4724
1.4857
1.5011
1.5i16
1.5239
1.5326
1.5425
I .5497
1.5581
1.5638
1.5911
16184

y= .20

.4560

.9208
1.1831
1.2643
I .3444
1.3984
1,4535
1.4918
1.5321
1.5594
1.5902
1.6102
I 6336
1.6495
1.6674
1.6795
1.6939
1.7032
1.7146
1.7221
1.7310
1.7371
1.7445
1.7493
1.7739
I 7999

Y =.10

.6352
1,2184
1.5226
1.6079
1,6982
1.7s19
1.8106
1.8469
1.8878
1.9125
1.9423
1.9597
1.9814
1.9946
2.0106
2.0203
2.0326
2.0398
2.0491
2.0547
2.0617
2066 I
2.0718
2.0751
2.0940
? 116!

y = .05

.8561
1.5650
1.9075
1.9949
2.0930
2.1450
2.~052

2.2385
??783

2.2999
2.3275
2.3419
2.3610
2.3715
2.3849
2.3923
2.4021
2.4073
2.4144
2.4183
2.4234
24263
2.4302
2.4323
2.4453
~ 46~o

—
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MIL-HDBK-781

TABLE XB. (J-Y) 100-~F a~
., . . .

(wM.@@JIJ (~~ntinued)

UPPERCONFIDENCELIMITSFOR MTBF 0 ON THE REJECTION BOUNDARY

TEST PLAN IV-D d = 2.0 G=p=o.20

NUMBER OF

FAILURES

2
3
4

4

5
5

6

6
7
7
8
8

TOTAL
TEST TIME

(t)

,70

2.08
2.80
3.46

4.18
4.86

5.58

6.24

6.96
7.62

8.34
9.74

y = .50

I

y = .30 I y=.20

.4171

.8127

.8914
1.0284
I .0734
1.1634
1.1910
1.2478
1.2654
1.3031
1.3147
1.3763

.6379
1.1549
1.2418
1.4084
1.4541
1.5551
1.5816
1.6413
] ?654

1.6948
1,7049
1.7664

.8491
1.4606
1.5517
1.7379
1.7830
1.8891

1.9139

1.9733

1.9876
2.0232

2.0318
2.0895

Y=.10

1.3163
2.0916
2.1863
2.3998
2.4418
2.5506
2.5716
2.6267
2.6377
2.6677
2.6737
2.7203

NUMBER OF
FAILURES

TOTAL
TEST TIME

(t)

2
3
4
4
5
5
6
6
7
7

.57
2.22
3.75
3.87
5.40
5.52
7.05
7.17

8,70
10.35

y =.50

.3396

.8514
1.0993
1.1275
1.2816
1.3007
1.4030
1.4164
1.4866
i .6326

y =.30

.5194
1.2013
i .4966
1.5322
1,7020
1.7245
1.8304
1.8451
1.9142
2.0766

y =.20 y=.lo

.6914
1.5104
1.8373
1.8783
2.0557
2.0802
2.1855
2.2009
2.2666
2,4352

1.0718
2,1387
2.5110
2.5609
2.7434
2.7703
2.8695
2.8850
2.9421
3.1097

y = .05

1.9698
2.9133
3.0078
3.2402
3.2774
3.3819
3.3986
3.4455
3.4533
3.4759
3.4797
3.5124

UPPER CONFIDENCE LIMITS FOR MTBF 0 ON THE REJECTION BOUNDARY

TEST PLAN V-D d=3.0, a=~=O.10

y = .05

1.6040
2.9405
3.3478
3.4057
3.5848
3.6129
3.7010
3.7155
3.7614
3.9145
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MIL-HDBK-781

TABLE XB. (.I-V) 100 perca ~ect _
. . , . .

(MIEm. (continued)

UPPER CONFIDENCE LIMITS FOR MTBF O ON THE REJECTION BOUNDARY

TEST PLAN VI-D d = 3.0, a=~=o.20

NUMBER OF
FAILURES

TOTAL
TEST TIME

(t)
y =.50

I
y = .30

I
y =.20

I
y=.lo

I
y = .05

.2145 .3281
I .0053 1.4085
1.5801 2.2143
1.6344 2.2915

.4367
1.7602
2.7655
2.8625

,6769
2,4631
3.8626
3.9987

1.0130
3.3386
5.2207
5.4047

2
3
3
3

.36
2.67
4.32
4.50

I
UPPER CONFIDENCE LIMITS FOR MTBF ~ ON THE REJECTION BOUNDARY

TEST PLAN VII-D d=l.5, a=p=o.30

TOTAL
TEST TIME

(t)

NUMBER OF
FAILURES y =.30 y =.20

I
y=.lo

I
y =.05

I

3
4
5
5
6
6
6

1.22
2.43
3.15
3.65
4.37
5.58
6.80

.4562

.6856

.7501

.8322

.8743
1.0323
1.2142

.6375

.921 I

.992 I
I.0898
1.1335
1.3164
!.5387

.7948
1.1183
1.1927
1.3009
1.3448
1.5430
1,7939

1.1070
1.4%1 r
1.5743
I .6974
1.7402
1.9578
2.2533

1.4920
1.9450
2.0247
2.1594
2.1998
2.4286
2.7633

I

UPPER CONFIDENCE LIMITS FOR MTBF OON THE REJECTION BOUNDARY

TEST PLAN VIII-D d = 2.0, a=~=o.30

NUMBER OF
FAILURES

TOTAL
TEST TIME

(t)
y = ,20 y=.lo y = .05y= .50 y = .30

.8987
1.5594
1.9710

1.1205 1.5607
1.9473 2.7171
2.4763 34779

2.1035
3.6659
4,7114

3
3
3

1.72
3.10
4.s0

.6432
IC1121
1.3867

130
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MIL-HDBK-781

TABLE Xl. ~ of~.
.

Number of
failures

True Test
decision duration Reject Accept

Test Plan risks Discrimination (multiples (equal (equal
(percentage) ratio (d) 6#1 Ofel) or more) or less)

a D

1X-D 12.0 9.9 I.s 45.0 37 36
X-D 10.9 21.4 I .5 29.9 26 25

XLD 19.7 19.6 I .5 21.s 18 17
XII-D 9.6 10.6 2.0 18.8 14 13

X111-D 9.8 20.9 2.0 12.4 10 9
XIV-D 19.9 21.0 2.0 7.8 6 5
XV-D 9.4 9.9 3.0 9.3 6 5

XVI-D 10.9 21.3 3!0 5.4 4 3
XVII-D 17.5 19.7 3.0 4.3 3 2

TABLE X11. ~.
. . .

Number of
failures

True Test
,

decision duration Reject Accept
JCst P18n risks Dmcrimmation (multiples (C@ (equal

(percentage) ratio (d) eJBl Ofe,) or more) or less)

a P

XIX-D 29.8 30. I 1.5 8.1 7 6
XX-D 28.3 28.5 2.0 3.7 3 2

XXI-D 30,7 33.3 3.0 1.1 1 0

I
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M[L-HDBK-781

CONFIDENCE INTERVALS I
-! --

40 PERCENT 60 PERCENT 80 PERCENT
T

70
PERCENT
LOWER
LIMIT

0.801

70
PERCENT
UPPER

80
PERCENT
LOWER

80
PERCENT

90
PERCENT
LOWER
LIMIT

0.434 +

90
PERCENT
UPPER
LIMIT

9.491

rOTAL NUMBER
OF FAILURES

1

UPPER
LIMIT LIMIT

2.804 0.621 4.48 I

3.7612 0.820 1.823 0.668 2.426 0.514

+

2.722

2.293

3 0.830 1.568 0.701 1.954 0.564

4 0.840 1.447 0.725 1.742 0.599

5 0.849 1.376 0.744 1.618 0.626

6 0.856 1.328 0.759 1.537 0.647

a7 0.863 1.294 0.771 1.479 0.665

8 0.869 1.267 0.782 1.435 0.680 1.718

1.6570.796 I.400 0.6939 0.874 1.247

10 0.878 1.230 0.799 1.372 0.704

+

1.607

1.567II 0.882 1.215 0.806 1.349 0.714

12 0.886 1.203 0.812 1.329 0.723 1.533 I

I0.889 1.193 0.818 1.312 0.731 I.504

0.892 1.184 0.823 1.297 0.738 1.47814

15 0.895 1.176 0,828 1.284 0,745 1.456

16

17

18

19

20

so

0.897

0.900

0.902

0.904

0906

0.920

1.169 0.832 1.272 0.75 i

0.757

0763

0.767

() 17:

0.806

1.437

1.163 0.836 1.262 1.419

1.157 0.840 1.253 I .404

!.390 I0.8431.1s2 1.244

1 147 (-1846

1115 0.870 1.185

132
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MWHJIBK-78!

“IABLE XIV. ~
** ** .4 .

1I ,

t--==-

CONFIDENCE INTERVALS

60 PERCENT 80 PERCENT

t I

I I 70
PERCENT

70
PERCENT
UPPER
LIMIT

80
PERCENT
LOWER

80
PERCENT
UPPER

90
PERCENT
LOWER

90
PERCENT
UPPER
LIMIT

TOTAL NUMBER I LOWER
OF FAILURES LIMIT LIMIT LIMIT LIMIT

I 0.410 2.804 0.334 4,481 < 0,257 9,491

I 2 I 0.533 1.823 0.467 2.426 0.376 3.761

3 ! 0.630 1.568 0.s44 1.9s4 0,449 2.722

4 0.679 14447 0.595 1.742 0.500 2.293

5 0,714 i .376 0,632 1.618 0.539 2.055

6 I 0.740 1.328 0.661 1.537 0.s70 1.904

7 I 0.760 I.294 0,684 0.595 1.797

8 0.777 1.267 0.703 I .435 0.616 1.718

9 0.790 0.719 0.6341.247 1.Mnl 1.657

10 0,802 1.230 0.733 1.372 0,M9 I .607

I 1 1.215 0.744 1●349 0.663 1.%7

I 12 I 0.82 I 1.203 0.75s ) .329

1.312

0.67S 1.533

13 0,828 1.193 0.764 0.686 1.s04

14 0.835 1.184 0.772 1.297 0.6% 1.478

15 0.841 1.176

1,169

1.163

1,157

1,152

1 l.l-

1115

0,780 1,284 0.70s 1.456

16 0$847 0,787 1.272 0.713 1,437

17 0,852 0.793 1.262 0.720 1.419

0.856 0.799 1.253 0.727 I ,404

!9 0,861 0.804 1.244 0.734 1.390

>()

[ 30 I 0891
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MIL-HDBK-781

TABLE XV. ~ of ~ S~9

Test Plan Accept times”

IX-D TO= 4,2 TI=6.1 Tz = 7,9 T, -9.4 T,= 11.0

T,= 12.4 T,= 13.9 T,= 15.3 T, -16.6 TQ= 18,0

T,O= 19.3 T,, = 20.7 T,l = 22.0 T11-23.3 T,, = 24.5

TI$=25.8 T,b = 27.1 T,, = 28.3 T,, -29.6 T,Q= 30.8

TZO= 32.1 T~]= 33.3 Tzz= 34.5 Tti -35.8 Tz, = 37,0

T~~= 38.2 Tl, = 39.4 Tz, = 40.6 TM-41.8 TZQ= 43.0

T,0= 44.2 TJ , = 45,4 T,1= 46.6 T,, -47.8 T,, = 49.0

Tj\ = 50.1 TI, =51.3 T,, = 52.5 T,,- 53.7 T,,= 54,8

T,O= 56.0 T,l = 57.2 T,z = 58.3 T,, -59.5 Ta = 60.7

T4~= 61.8 Ta = 63.0 T,. = 64.1 ?,~ -65.3 T,, = 66.5

T~O=67.6 T31= 68.8 T~1= 69.9 T~, -71.l T<, = 72.2

4

X-D To= 3.2 T, =50 T:=66 Tj-$l T4=9.5

T$= 10.9 Tc = 12.2 T,= 13.6 T, -14.9 Tg= 16.1

T,O= !7.4 TII =18.7 T}z= 19.9 T,, -21.2 T,, = 22.4

T,, = 23.6 Tlb=24.8 TI, =26.1 T,t -27.3 Tlg = 28.4
$

.-

1 Accept at time (Tj) If U) fahres have occwcd up 10thti time.



MIL-1?D13K-781

TABLE XV. &wpL$LDcsof hed-~ Program~ 3“ t
(Continued)

Test Plan Accept times”

1X-D T20=~9.6 Tzl = 30,8 T22= 32,0 Tl, -33,2 Tl, = 34.4
(Cent’ )

Tzf= 35.6 T~b= 36.7 Tl, = 37.9 Tz’ -39. I TZQ= 40.2

T30=41.4 T,, = 42.5 T32= 43.9 T,J -44.8 T34= 46.0

T,5= 47. I T,6= 48.3 T37= 49.4 T,a -50.6 T,9=51.7

Xl-D TO=3.0 T, =4.8 T~ = 6.3 T, -7.8 T,= 9.2

T~= 10.5 T,= 11.9 T,= 13.2 T, -14.4 T,= 15.7

T ,~= 17.0 T,l = 18.2 T,z= 19.5 T,l -20.7 T,4=21.9

T,~=23.1 T16= 24.3 TI, =25.5 T,, -26.7 T,, = 27.9

Tm = 29.1 Ttl = 30.3 TZ=31.4 Ta, -32.6

XII-D TO=3.? T, = 5.6 Tl = 7.2 TJ -8.8 T,= 10.3

T$=1],7 Tb= !3.1 T,= 14.4 T, - 1S.8 TQ= 17.1

T,O= 18.4 T,, = 19.7 T,z =21.0 T,l -22.3 T14=23.5

TI<=248 T,+= 260

X111-D TO= 2.8 T,= 4.6 T~=6.1 T, -7,5 T,= 8.9

T~= 10.3 Tb= 11.6 T,= 12.9 T,- 14.1 T9= 15,4

T,O= 16.6 T, I= 17.9 T12= 19. I

1;Accept at time (Tj) if(j) failures have occured up to that time.



MIL-HDBK-781

TABLE XV. ~ of ~r s ~
. 9

(Continued)

Test Plan Accept times 1’

IX-D TO=27 T, =44 T2=5.9 T, -7.3 T,= 8.7
(Cent’d)

T$= 10.0 Tb= 1!.3 T,= 12.6

XV-D TO= 3.5 T, = 5.4 Tz = 7.0 T, -8.6 T,= 10.0

T~= 11.4 Tb = 12,8

XVI-D TO= 2.5 T,=4. I Tz = 5.6 T, -7.0 T,= 8.3

XVII-D TO= 2.2 T, = 3,8 Tz = 5.2

X1X-D TO=2.1 TI =37 TZ=5.1 T, -6.4 T,= 7.7

T<- 8.9 Tb= 102 T7=!1.4 T* -12.6

XX-D TO= 1.8 TI=3.2 Tl = 4.5

XXI-D TO=I.l
d

“ Accept at time (Tj) if(j) failures have occured up to that time.

\. -- -. –7-- -7 - --- -/-
----. .-. —- ----- ---- . ..-



MIL-HDBK-781

Standard tCSt fhM Program Manager’sassessment

Test Discrimination Producer’s Consumer’s Producer’s Consumer’s
Plan ratio risk u (VO) risk ~ (Yo) risk a (9’o) risk ~ (9’0)

1X-D I .5 12.0 9.9 10,2 10.0

X-D i .5 10.9 21.4 10.1 29.8

X1-D ! .5 17,8 22,1 20.1 20.4

XII-D ~.o 9.6 10.6 10,4 10.3

XIII-D 2.0 9.8 20.9 9.9 19,2

XIV-D 2.0 19.9 21.0 20.0 18.3

XV-D 3.0 9.4 9.9 10.0 8.4

XVJ-D 3.0 10.9 21.3 I0.2 18.7

XV1l-D 3.0 17.5 19.7 19.7 19.2
.. . ... . . . . .. . . . . . .. . . . . . . . .. . . . . . . . . . . .. . . . . . . . . . . . .. . . .. . . .. .. . . . .. . . . . . . . . . . . . . ... . . . . . . . . . . . .. . .. . . ... . . . . . . ... . . .. . . . . . . . . . . . . . . . .. . . . . . .. . . . . . . . . . .. . .

(High risk ~1ans)

X1X-D 1.5 28.8 31.3 29.6 30.8

XX-D 2.0 28.8 28.5 29.9 29. I

XXI-D 3.0 30.7 33.3 30.7 33.3
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MI L-HDBK-781

TABLE XVII. ~~
.. r t

MSeSmmL
—

Standard test plans Program Manager’s assessment

Test Discrimination Test Number of failures Test Number of failures
Plan ratio Time” to reject Time 1’ to reject

IX-D 1.5 45,0 ~ 37 72.2 ~ 55

X-D 1.5 29.9 ~ 26 51,7 ~ 40

X[-D 1.5 21.1 ~ Ig 32.6 ~ 24

XII-D 2.0 18.8 ~ [4 26.0 ~17

X111-D 2.0 12.4 ~ 10 19.1 ~ 13

XIV-D 2.0 7.8 >6 12.6 28

XV-D 3.0 9.3 26 12.8 27

XVI-D 3.0 5.4 24 8.3 :5

XVII-D 3.0 4.3 23 5.2 23

.. . . . .. .. . . .. . . . . . . .. . . . . . .. . . . . . . . . . . . . . . .. . . . . . . . . . . . . . .. . . . . .. .. . . . .. . . . . . . .. . . . . . .... . . . ..

(High risk p ans)

X1X-D 1.5 8.0 27 12.6 29

XX-D 2.0 3.7 >3 4.s 23

XXI-D 3.0 1.1 ~1 11 ~]

“ Multiples of(l,
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MIL-HD13K-781

TABLE XIX. _ ofcm-rect cm~() bo~.
.

fon o relibcu
run

Give number of subsystems.

3
Enter data starting by subsystem with smallest total time on test.
Enter data for subsystem 1
Enter this subsystem’s total time on test
14.61
Enter this subsystem’s number of failures.
2
Enter data for subsystem 2
Enter this subsystem’s total time on test
35.971
Enter this subsystem’s number of failures.
2
Enter data for subsystem 3
Enter this subsystem’s total time on test

62.542
Enter this subsystem’s number of failures.

2
Enter confidence )evel percentile.
1.282
Enter mission time.
1.0

Mission Time: 1.00000
Percentile: 1.28200

M2 = 0,1806820 W = 0.0103983
Reliability Bound is: 0,728509

If another confidence level or mission time, give 1.
1

Enter confidence level percentile.

0.0
Enter mission time.
1.0

Mission Time: 1.00000
Percentile: O.

M~ = 0>1806820V2 = ().()]()3983

Reliability Bound is: 0,850297

If another confidence level or mission time, give 1.
0
●

.
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MIL-HDBK-781

TABLE XX. -C of-et or~ AO bo~
. .

.

run
Give number of subsystems.
3
Enter data statiing by subsystem with smallest total time on test.
Enter data for subsystem 1
Enter this subsystem’s total time on test
35.971
Enter this subsystem’s number of failures.
2
Enter data for subsystem 2
Enter this subsystem’s total time on test
14.61
Enter this subsystem’s number of failures.
2
Enter data for subsystem 3
Enter this subsystem’s total time on test
62.542
Enter this subsystem’s number of failures
2

Enter confidence level percentile.
1.282
Enter mission time.
1.0

Mission Time: 1.00000
Percentile: 1,28200

M2 = 0.1400359 V2 = 0.0064862
Reliability Bound is: 0.780768

If another confidence level or mission time, give 1.
1

Enter confidence level percentile.
0.0

Enter mission time.
1.0

MissionTime: 1.00000
Percentile: 00

M2 = 0.1400359 V2 = 0.0064862
Reliability Bound is: 0.882358

It another ccmtidence level or m~ssmn ttme. gwe I

o
●
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MIL-HDBK-78J

TABLE XXI. ~,

Example run: Reference 13, page 200, line 1

ith Subsystem Total time on test Number Failures

1 9.919 4

2 15.996 2

3 26,897 2

4 26.511 3

5 62.439 3
8

vnunmr-r mmciInIL ICZSL LJIUnECZISUW-EU w-Luu. , . ., .,,...,. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . WI
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MIL-HDBK-781

“1’ABLEXX1l. ale c~
. ,.

.

run
Give number of subsystems.
5
Enter data starting by subsystem with smallest total time on test.
Enter data for subsystem 1
Enter this subsystem’s total time on test
9.914
Enter this subsystem’s number of failures.
4
Enter data for subsystem 2
Enter this subsystem’s total time on test
1s.2%
Enter this subsys(em’s number of failures.
2

Enter data for subsystem 3
Enter this subsystem’s total time on test
26.897
Enter this subsj)stem’s number of failures.
2
Enter data for subsystem 4
Enter this subsystem’s total time on test
29.511
Enter this subsystem’s number of failures.
3

Enter data for subsystem 5
Enter this subsystem’s total time on test
62.430
Enter tius subsyskrn’s number of Mures.
3

Enter confidence level percentile.
1.202
Enter mission time.
1.0

Mission Time: 1.00000
Percentile: 1.28200

Ml= 0.5946219 V1 = 0.047S423
Reliability Bound is: 0.412697

M2 = 0.5058325 V2 = 0.0491630
Reliability Bound is: 0.406101

M3 = 0.5899235 V3 = 0.0465764
Reliability Bound is: 0.415876

.--.—=.—=.--—-=-—-.=+=-----------
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MIL-HD13K-781

TABLE XXIII. ~ str~ en ~
.. v “ .

Environmental Operating Nonoperating
condition “c “c

Exposed-unsheltered -54 to+ 65 -62to +71

Exposed-unsheltered -28 to+ 65 -62to+71
(ship)

Sheltered noncontrolled
environment (shore)

Sheltered noncontrolled oto+50 -62to+7i
I

-40 to+ 50 -62to+71
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MIL-HDBK-781

TABLE XXV. ~.

DURATION
(MINUTES)

GROUND NONOPEWTING,
COLD DAY

GROUND OPERATING,
COLD DAY

TAKEOFF
CLIMB TO ALTITUDE
CRUISE
DIVE
CRUISE
CRUISE (COMBAT)
CRUISE
CLIMB
CRUISE
DESCEND TO HOT DAY
GROUND NONOPEIWTING,

HOT DAY
GROUND OPERATING,

HOT DAY
TAKEOFF
CLIMB TO ALTITUDE
CRUISE
DIVE
CRUISE
CRUISE (COMBAT)
CRUISE
CLIMB
CRUISE
DESCEND TO COLD DAY

30

30

1
3.4

18
2.6

45
5

45
2.6

18
14
30

30

1
II
18
4.25

45

5
45

7

18

13

COMPART
MENT

TEMPER-
ATURE

(“c]

-54

-54

-

-32

-19
-10
-19

-32
.

+7]

~ 7J

-

+1]

+ 71

+7]
+7]

.

+ 10
.

TEMPER-
ATURE

RATE
OFCHANGE

(“C PER MIN)

.

5.0

5.0

.
-

5.0

7.35
.

5.0
.
.

14.1
.
.
.

8.71
.

5.0

W.
(g’/Hz)

.

.

0.002
0.001
0.001
0.0019
0.0019
0.007
0.0019
0.001
0.001
0.001
-

.

0.002
0.001
0.001
0.0019
0.0019
0.007
0.0019
0.001
0.001
0,001

DEW
POINT

tEMPER-
ATURE

(“c)

NIA

NIA

NIA
NIA
NIA
N!A
NIA
NfA
NIA
NIA
N/A
NIA
31

31

IWA
N/A
NIA
NtA
N:A
TWA
NIA
N/A

NIA
NIA

EQUIP- “
MENT
OPERA-
TION

OFF

ON

ON
ON
ON
ON
ON
ON
ON
ON
ON
ON
OFF

ON

ON
ON
ON
ON
ON
ON
ON
ON
ON
ON

A
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MiL-HDBK-781

TABLE XXVI. ~~ C~S I ~
. . . . ..

TABLE XXVII.

LQmMuwm*

ALTITUDE I TEMPERATURE
( 1000 FT) cc)

o
10
20
30
40
50

55
53
40
40
30
20

HIGH
ALTITUDE PERFORMANCE
(1000 FT) ~ o.6 0.8 1.0 ~(].())J’

o 71 71 71 95

10 56 68 68 93

20 40 55 63 88

30 15 36 56 80

40 5 10 46 70

50 5 10 35 60

60 5 10 24 49

70 s 10 11 35

1 Ambient coded equ~pmen; must &eturned off for 15 mmuws afier 30 mmutes ot opcratmn at these temperatures

to comply with the Intermittent operation of MIL-E-5400.
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MIL-HDBK-781

TABLE XXVIII. Hot ~~-co~
.

● .

ALTITUDE
(1000 FT)

o 48 60 75 g~l’

10 27 38 52 71

20 6 16 29 46

30 -15 -6 7 23

40 -36 -30 -16 -1

50 -30 -19 -7 8

60 -31 -23 -II 4

70 -30 -22 -lo 5j

1’Ambient cooled Class 11equipment must be turned off for 15 minutes afier 30 minutes of operation at this

tmnpemtum to comply with the intermittent operation requirement of MIL-E-S400.

TABLE XXIX. cold ~ air cooled ~.

ALTITUDE

(1OOOFT)

o -44 -37 -15 -11

10 -18 -10 2 19

20 -36 -28 -16 -2

30 -58 -50 -40 - -?7

40 -59 -51 -41 -18

~(-1 -82 -76 -67 -55

60 -82 -75 -66 -54

70 -65 -58 -48 -35
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MIL-HDBK-781

WARM COMPARTMENT

\

MACH o .6 .8 HIGH
ALTITUDE NUMBER to to to PERFORMANCE

(1000 .59 .79 .99 ~].o
FEET)

o

2 to 10

20

8

24

16

12

29

20

19

36

27

27

44

35

30

40

50

7 11 17 24

8 12 17 24

6 9 14 21

\

MACH
ALTiTUDE NUMBER

(1000
FEET)

o

2 to 10

20

30

40

50

COOL COMPARTMENT

o
to

.59

-26

-4

-17

-32

-33

-38

.6
to
.79

-19

3

-10

-26

-27

-32

.8
to
.99

-10

13

-1

-17

-18

-24

HIGH
PERFORMANCE

~].()

2

27

11

-6

-8

-14



MIL-Hr)BK-7tll

TABLE XXXI. Jet ~ vlb~
.

.

Aerodynamic induced vibration
W,,= K(q)2, where q = Dynamic pressure (when q >1200 lbs/ft2, use 1200)
WI= WO-3 dB
(SEE FIGURE 65 for spectmm shape)

K Location Factor Equipment location w~

0.67 X 10-’ Equipment attached to structure adjacent to external surfaces that are smooth, free from
discontinuities.

0.34 x 10-8 Cockpit equipment and equipment in compa~ents and on shelves adjacent to external surfaces
that are smooth, free horn discontinuities.

03.5X 104 Equipment attached to structure adjacent to or immediately afl of surfaces having discontinuities
(that is, cavities, chins, blade antennas, and so forth)

01.75X 10-8 Equipment in compa~ents adjacent to or immediately aft of surfaces having discontinuities (that
is, cavities, chins, speed brakes, and so forth)

SPECIAL CASE CONDITIONS

Fighter bomber

Condition Equipment location w~

Takeoff Attached to or in comp-ents adjacent to stmcture directly exposed to 0.7
engine exhaust aft of engine exhaust plane ( 1 minute)

Cruise (Same as above)

Takeoff In engine compartment or adjacent to engine forward of engine exhaust
plane (1 minute)

Cmise (Same as above)

Takeoff, landing, Wing and fin tips” deceleration (speed brake) (1 minute)
maneuvers

High q Wing and fin tips”
(>]()()() Ibs/~)

Cruise Wing and fin tips”

0.175

0.I
0.025

0.1

0.02

0.01
Takeoff All other locations (l minute) 0.002

Cargohl’anspon

Condition Equipment location

Takeoff Fuselage mounted 0.01

Takeoff Internal 0.005

Takeoff Wing - afi of engine exhaust L 0.05

All Wing tip and fin tip 3’ 0.01
1/

Use wing and fin tip specuum (see FIGURE 65)

2 Excludes upper surface blown (USB) and externally blown flap (EFB)
j

Takeoff. landing. pluf 10percent of cruise rime
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MIL-HDBK-781

TABLE XXXVI1, ~e level ~ - ho~..

T

‘1’empemtureLevel Duration Weighted
(“c) “ (Minutes) duration

Low-low-low
Weighting factor = 0.10 71 145 14.5

High-1 ow-low-high
Weighting factor = 0.40 36 60 24.0

71 27 10.8
10 70 28.0

Low-low-high
Weighting factor = 0.25 71 75 18.75

23 60 15.0

Close suppo~
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

Selected levels and durations are:

MIN = IO”Cfor 43 mmutes
MAX = 71°C for 44minutes
INT = 35.8°C for 77 minutes

lNT = =71 + 36(38 )+ ~) Z751 = 35.8
27+38+12 77

TABLE 38. ~ ~. .

ITemperature Level

I

Total Weighted Duration

cc) (Minutes ) I

}0 43.0
23 27.0
36 38.0
64 12.0
71 44.05



MIL-HDBK-781

TAB1.E XXXIX. ~ level -on - CO~.
.

Temperature Level Duration Weighted
(“C?’ (Minutes) duration

Low-low-low
Weighting factor = 0.10 -26 145 14.5

High-low-low-high
Weighting factor = 0.40 -26 130 52.0

-10 27 10.8

Low-1ow-high
Weighting factor = 0.25 -26 140 35.0

Close support
Weighting tactor = 0.20 -26 70

-4 60
-27 75

Ferry
Weighting factor = 0,05 -26 ~40 12.0

14.0
12.0
15.0

1’Selected levels and durations (see 5.6.2.2)
MAX = (-10) (10.81 + (4) ~)= -6.8°C for 22.8 minutes

10.8+ 12
Mm= (,-27) (15) + (-26 ~)= -26. 1°C for 142.5 minutes

15 + 127.5

since no levels remain to select lNT \ alue
MIN = -26. 1‘C for 71.25 minutes and
INT = -26. 1°C for 71.25 minutes

TABLE XL. ~ - CO~.

Temperature Level Total Weighted
(“C) Duration (Minutes)

-27 15.0
.26 1~7,5

-10 i0.8
-4 1~.)

L I u II L I u II L I kJ I I 11 1 u II
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MIL-HDBK-781

TABLE XLV. ~for V.
.!“ /STOLti.

Aerospace induced vibration

K(q)2, where q = dynamic pressure (when q >1200 lbs/fi2 use 1200)
WO-3dB

(K) Location factor Equipment location

0.67 X 10-8 Equipment attached to stmcture adjacent to external surfaces that are smooth, free from
discontinuities

0.34 X 10-8 Cockpit equipment and equipment in compartments ~d on shelves adjacent to external
surfaces that are smooth, free horn discontinuities

3.5X 10-8 Equipment attached to structure adjacent to or immediately aft of surfaces having
discontinuities (that is, cavities, chins, blade antemas, and so forth)

1.75 X 10-8 Equipment in compamnents adjacent to or immediately aft of surfaces having
discontinuities (that is, cavities, chins, speed brakes, and so forth)

SPECIAL CASE CONDITIONS

Condition Equipinent location

Takeoff”

Takeoff 1’

Attached to or in compartments adjacent
to structure directly exposed to engine
exhaust aft of engine exhaust piane
(I minute) A

In engine compartment or adjacent to
engine forward 0.1 of engine exhaust
plane (1 minute) 2

All other locations (1 minute) z

1/
Takeoff or landing

WO(HOR) ‘;

0.7

0.1

0.002

WO(VERT)“

VISTOL

A
0.05

0.17

0.02

ES
B

0,60

0,04

0,02

2 0.5 minutes

~i
Horizontal

*!
Vertical

for vertical mode
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MXL-HDBK-781

TABLE XLVH. ~ tw~
. .0 . . . . .I J

Mission” Percent Utilization Rate

Ground Attack, Training 40
Ground Attack, Combat 20
Defensive Maneuvers 20
Search and Rescue 10
Functional Check 5
Training Cycle 5

T

1’ Since the first three missions, as a group, total 80 percent of the utilization rate, these three mission profiles
would be selected for combined environmental testing. If any of the other missions are determined to include
extreme or sustained environmental conditions not encountered in the first three missions, then those missions also
should be selected, thereby adding the most diversity to the test cycle. If the first mission selected is utilized twice
as much as the other two missions, then Mission 1 should be run twice as much per cycle. (See MIL-STD-8 10,
Table 520.0-1)

161
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MIL-HDBK-781

TABLE XLVIII. ~#VL~ level ~ ~
. . . .

.
lct~ en romvi

EQUATION
i

(NUMBER)

1,

2.
3.

4.

5.
6.

7.

8.
9.

AIR-LAUNCHED I grins (OVL)

MISSILES AND
ASSEMBLED
EXTERNAL STORES
CONDITION
OF CONFIGURATION
y ~

FACTOR FOR
BASELINE
MAXIMUM
PREDICTED
ENVIRONMENT
lfz{

COMB=
MULTIPLE-USE ALL
STORE (BASELINE)
SINGLE STORE
CLUSTER MOUNT

1.00

0.88
1.28

~)
MULTIPLE-USE
ALL STORES
SINGLE STORE
CLUSTER MOUNT

0.96

0.83
1.25

Am
MULTIPLE-USE
ALL STORES
SINGLE STORE
CLUSTER MOUNT

I .07

0.97
1.38

MINIMUM
DYNAMIC
PRESSURE (q)
BELOW WHICH
~, (OVL) = 1.3
(CONSTANT)

FIGURE
NUMBER
APPLICABLE

250 I 132

284
195 I
260133

302
201

I

259

182

134
I

I
1’ THE MAXIMUM PREDICTED ENVIRONMENT (AS DETERMINED FROM MNDOM V1BUTION

STATISTICAL ANALYSES) IS DEFINED BY + 6 dB LOG-LOG g- (OVL) VERSUS q LEVEL
EQUAL TO OR GREATER THAN THE 95TH PERCENTILE VALUE AT LEAST 50 PERCENT OF
THE TIME. SEE FIGURE 132 FOR THE BASELINE g#ERSUS q FOR ALL STORES.

~1
CLUSTER MOUNT VALUES ARE ONLY VALID FOR CAPTIVE- FLIGHT CONDITIONS.

3’ EQUATION OF LINE, grins VERSUS q (6 dB/OCTAVE ON LOG-LOG):
(FROM i = 1 TO 9) [gm$(OVL)],=(10‘En]) ] (BASELTNE)

[exp] = [log,~q)-(2.28533)]

[gin, (OvL)], = (FAcTOR), [grmi(OvL)] I (BASELINE)

-..— ——. - -—-, ~
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INDUCED
THERMAL

1-

MIL-HDBK-781

TABLE L. ~ o~~
of 5 ve@. (Continued)

—
FLIGHT EVENT

COMPARTMENT
LOCATION

EXTERNAL
SURFACE

(“c)

INTERIOR
AIR
(“c)

RADOME
PAYLOAD (FWD)
PAYLOAD (AFT)
RECOVERY
FUEL TANK
FMS

FAIRINGS
FINS
ACTUATOR
COMBUSTOR

421

357
329
366
360

393

382
382

N(A
449

71
13-J

132
143
164

192
N/A
N/A
246
N/A

ViBRATION
(ALL 3 AXES)

FLIGHT EVENT

20- 150Hz 0.012g2LHz

150-500Hz + 3dB/OCTAVE

500-1500HZ o.04g2/Hz

1500-2000Hz - 3dB/OCTAVE
OVERALL: 8.24%,

DURATION: 1 HOUR PER AXIS

FREE ~u~
(FORWARD OF INLETS)

20-500 + 3dB/ocTAvE

500-2000 o.08g2/’Hz

OVERALL: 11.8 &
DURATION: 2 MINS, 15 SECONDS

{AFT OF INLETS)

20-2000Hz 0.43 gl’Hz

OVERALL: 29.2 ~,

DURATION: 2 MINUTES



MIL-HDBK-781

TABLE LI. ~ . .
US NAVY

AN EXAMPLE
SUMMARY CHARTS FOR THE

LOGBTJC LIFE CYCLE
ENVIRONMENTS

FORA
LIFE OF 5-YEARS

(43800 HOURS)

SUMMARYOF
E CY~ PH~

1. ~

IN-ROUTE MOVEMENT/
STORE TRANSPORT HANDLING
(5 YEARS HOURS HOURS

auxuma (EE.Rcmn (IZKmm

AN EXAMPLE 1667 809
(3.81) (1.85)

2. m
SPECIFIED
EQUIVALENT

ITEM AMPLITUDE

1. 35G
2. 30G
3. ‘ 25G
4. 35G (LONG)
5. 50G (J’ERT)
6. 15G
7, 25G
8. 300
9, I FOOT DROP

ON CONCRETE
10. 18 INCH DROP

ON CONCRETE
(EDGEWISE
DROPS)

HOLD/DELAY
AND DUMP

HANDLE STORAGEhfAINT STORAGE
HOURS HOURS
(EIKEMLl ~

40 6120
(.09) (13.97)

NOMINAL

I!ms
llms
Ilms
18ms
6ms
2 ms

Ilms
IOms

ACCELEWTION
ITEM LEVEL

WklBHii.id

ASSUMED
FREQUENCYRANGE
@l

HOURS
(~

35141
(80.23)

MAXIMUM
PROBABLE

ESTIMATED
VIBRATION
DURATION
TOTAL

3.0
23
23

3.6
70

6
1
3
~

4
4
1
4
3

1

ESTIMATED
DURATION
IN-RESOURCE

30.
28
~~

33.
48

CAPTIVE
AND FREE
FLIGHT
H()[JRS
(EEKENl)

22.68
(.05)

STORE
STATUS

CONDITION

I
2
5
1
6
6
6
6
1

2

STORE
STATUS

ON

1
I
I
1
i

171
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MIL-HDBK-781

TABLE LI. ~ CV
●

~ (Continued)
U.S. NAVY

AN EXAMPLE
SUMMARYCHARTSFOR THE

LOGISTIC LIFE CYCLE
ENVIRONMENTS

FORA
LIFE OF 5-YEARS

(43800 HOURS)
(CONTINUED)

4. ~PTIVEF~ ~ND@l) - POW~

NOMINAL
FLIGHT PERCENT SAFETY

ITEM CONDITION MISS1ONS FACTOR

~ ~ ~ -v~L

1, MEAN
2. MAX .g
3. CLIMB~ESC.
4. DIVE/PULLOUT
5. HIGH BUFFET
6. T(O./LANDING
7/. FREE-FLIGHT

5. u.MPF~ .

TEMPERATURE

(Rlxm

160
140
120
100
70
32

0
-25
-45
-65

(70.1)

(60.0)
(48.9)
(37.8)
(21.1)

(0.0)
(- 17,8)
(- 31.7)
(- 42.8)
(- 53.9)

85.0 1.5
1.5 1.5
9.0 1.5
2.5 1.5
1.0 1.5
1.0 1.5

100.0 1.0

6. ’7’-”
-.

~)

MAXIMUM
ITEM LEVEL

1. +J1.()

2. -4.0
3. + 12.0
4. -12.0

NOMINAL
RELATIVE

y-J

31
40
47
49
43
34
25
16
3

AVERAGE
EFFECTIVE
MAXIMUM

rsL&Hzl

0.040
0.090
0.025
0.02 I
0.291
0.023
0.200

DIRECTION

LIFETIME
DURATION
EXPECTED
AT MAX. pm

i .4 Hrs
15 Mins
9.1 Mins
2.5 Mins
1.0 Mins
1.0 Mins

488.0 Sea

STORE
STATUS

DIT1~

5
5
5
5
5
5
6

PROBABLE
OCCURRENCE TIME

10N

-)-)

293.
1720,
5367.
8163.

843.
229.

38.
4.
1.

STORE
STATUS

LONGITUDINAL
LONGITUDINAL
RADIAL
RADIAL

6

6
6

—

u



ITEM

I.
2.
3.
4.
5.

8. SAIJX&U

ITEM

1,

2.

9. luQuxK

ITEM

1.
2.
3.
4

MXL-HDBK-781

TABLE LI. Me c-v~ro
.

_ (Continued)
U.S. NAVY

AN EXAMPLE
SUMMARY CHARTS FOR THE

LOGISTIC LIFE CYCLE
ENVIRONMENTS

FORA
LIFE OF 5-YEARS

(43800 HOURS)
(CONTINUED)

MAXIMUM
ALTITUDE
(FEET)

35000.
>40000.
>30000,
>20000.

5000.

MAXAMUM
ALLOWABLE
EFFECT

MAXIMUM
PROBABLE
DUWTION
(TIME )

17. Hrs
l.Hrs

5. Hrs
9, h
33. SK

ALLOWABLE CORROSION
LEVEL EQUIVALENT To
0.007 INCHES OF HOT
ROLLED STEEL DISSIPATED
PER 5 YEARS LIFE CYCLE.
SAM5 EXCEPT 0.001 IN.

ASSUMED
MAXIMUM FREQUENCY
LEVEL IUNGE

Ovw

110 20-20000
120 20-20000
160 20-20000
163 20* 20000

DIRECT
EXPOSURE
DUR/iTJON
EXPECTED
(DAYS)

STORE
STATUS FLIGHT
~m

50.

5.

MAXIMUM
PROBABLE
DURATION

j ,1 AIR FREIGHT
5 CAPTIVE FLIGHT
5 CAPTIVE FLIGHT
5 CAPTIVE FLIGHT
6 FREE FLIGHT

33. Hrs
9. Hrs
1.Hrs

488. Sec

STORE
STATUS

TIOh(

I .3.4

2,5,6

STORE
STATUS

173
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MIL-HDBK-781

TABLE LI. -cle ~
.I (Continued)

U.S. NAVY
AN EXAMPLE

SUMMARY CHARTS FOR THE
LOGISTIC LIFE CYCLE

ENVIRONMENTS
FORA

LIFE OF 5-YEARS
(43800 HOURS)
(CONTINUED)

10. ~

EXPECTED
MAXIMUM
LEVEL

MR)

ITEM
Nw.lw3

MAXIMUM
PROBABLE

STORE
STATUS
C’ONDIT~

1.
2.
3.
4.

2
2

80, Hrs
1. Hrs
3. Min

160. Sec

1
2
s
6

2
2

11. -

EXPECTED
MAXIMUM
LEVEL

)

ITEM
Num

MAXIMUM
PROBABLE

STORE
STATLIS

C~~~ON

!.

2.
3
4.

10
10

10

10

64. Hrs
l.Hrs
2 Mm

128.Sec

1

2
5

6

MAXIMUM
PROBABLE

VEI .

MAXIMUM
PROBABLE

STORE
STATUS

ITIO~
ITEM
NIJ-

1. 45 MPH WIND.
0.001 TO 0.125 TNCH
DIAMETER PARTICLE SIZE
SAME

38. Hrs 1

2. l.Hrs 2,5,6
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MIL-HDBK-781

TABLE L]. w cvtivlr~
o

(Continued)

tURO#tAN SCtNARIO (NOMINAL)
US NAW STORES LOGISTICLIFECYCLE

(NOMWALPARAMETERS)
S-YEAR LIFE CYCLE

DURATION AND LEVELS OF EXPOSURE TO ENVIRONMENTS
APPLICABLE TO AN EXAMPLE

A) FACTORY 1SASSUMED C) SEE EXPLANATORY NOTES
AT END OF TABLE

B) I RT CONUS-AB/AC-CONUS
TO BE IN CENTRAL CONUS 2 RT AB/AC-EURPOE

I I I I I
c

~
. ...-.——
rvcml N.of MOT

MUD
——
;TUL
MSS4PNC0
m

--....- -—... -
;NW DUST

—..
STATLM

—-—
[Su
MOT1o)

T

T

Y-

(At

7(*.)

PROBMLI
PSROSNT II u u? 1

~.-.—--
INMR SuMn
[Pm (Pen

TSAR) nAn) T
Wn m

Wto Du

L rhcroav
woouanobi

! ~ACTOR?BC.

.
I

..

Iw w

Houns (2)19 cl*- “ ZY(0 S(A Ltvu
18”MS

$4 Nouns ($b)uc Scc So[w)-lo(i) u

noTKs b Nom
*MD J ●

.u

f

.

Ito 4B M To

ls,ooo”

.
I

.
#onK MAr40Llw

*

2 (u z ($Z

Pllmt?u?u
&Nvz4 MVZ4

msnns
Mm- NW+

.

. .

6$

48
). TnMsPoal
roomol

.
O.twms

o MOURS (20)10611. - Ibis StA LWCL $4
$$”Ms 79

z Mvs . $0(4$)-35 i SCA LCKL 6$

1. TRM4SPORT .
“1”

1

1

-+-
1 10) 4s

bOMs SCAL(WL 6*
6

.. 1.
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MIL-HDBK-781

TABLE LI. ~~ ]ro~
.t (Continued)

KUROPG4N SCLNARJO (NOMOJAL)
US NAVY STORES LO(NSTIC LIFE CYCLE

(NOMINAL PARAMETERS)
S-YEAR LIFE CYCLE

D1JRATION AND LEVELS OF EXPOSURE TO ENVIRONMENTS
APPLICABLE TO AN EXAMPLE

A) FACTORY 1SASSUMED B) 1 RT CONUS-AB/AC<ONUS C) SEE EXPLANATORY NOTES

kctii --

l=
----.-

7. DCPOT

NvLaw
$. DCPOTTUT

6uiiai&f ‘“-iuiou“ Wh& 7CW

— .----- . .
rLCWL ●R q M DC
MS(CS (PROC6DLC

MouRs)

3140(ms (1) m ,11-W . 2s0)

n
TO BE IN CENTML CONUS 2 RT AB/AC-EURPOE DEPOT-AIYAC ‘ AT END OF TABLE

.. ..- .- .-. . ____
fiimix Iuwuw McUmMlONlK-&ti-i- .. ...-

ii?iiLM- 660USTICS 6AOr - Sw ~~ “Wsl sl~lu:

. @l. - 5&+!fL . . . . . . . . . ,
%iiiiii Tu.) 40 olz iiihii wiiii— MPH m

.—.
iscc

●ROMBLC DtsslPArcD# (PtR (Pm WWD DIA ?4011$;
Psnosm YSAR VsbR) ?CM)

●

SCAINC1 M . . . . . . . J

rNDUN6

kTRAMP*?

6

Fw. SMw?uw

RMSPORT

OofaJs)

I 1:
1

w -s (2)?C*WW” - )O(l)ls (l)
MS

}44 ~ (OL)su Su 54(4s)-34($]

NOTCSAAUD MOTCe

J

B* HOURS (tb))4qwl’ +.4qB-s4(l$)-20(l)
tls(u24 55 u

-s)

SChUVSL 44 w . 6
Wsum
WDsmcc
or

m4ww

St ALWCL 04 1

?9

CCALSUL M . ●.U9 . 1(U m (u . 1

44 w ?WU
AwTt4 NW 14
FIRS ms
mom- Nor+

w UWJ
44 69 ●.us - noutolo z m 44(u

49 *,W - m
MY t4 hm 24
Mns *S
MOM. mom.

—
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MIL-HDBK-781

TABLE LI. ~ (Continued)

WRLM%AN !AkiNAbUO (NOMINAL)
US NAVY STORES LOGISTICLIFECYCLE

DURATION

(NOMINAL PARAMETERS)
5-YEAR LIFE CYCLE

AND LEVELS OF EXPOSURE TO ENVIRONMENTS
APPLICABLE TO AN EXAMPLE

A) FACTORY 1SASSUMED
TO BE fN CENTRALCONUS

B) 1 RT CONUS.AB/AC-CONUS
2 RT AB/AC-EURPOE DEPOT-AIVAC

C) SEE EXPLANATORY NOTES
AT END OF TABLE— — — —— —.——. . . _———

[KNT ounATw- S1400K WBM. tcl’w ALTIWOC MLmmtv AootuMt Iort m. W*T rutwus Rooustms RiiW Smow’ Am “Wsl Slatu
(*T ___ _ __ _-_”_... :gLQ ---- ---- .- .-..— —— —..——. _- .——. -. .. . —----- .

c-UVSL PCR ● Hz 4 -rctT rcW.) a
,— ----

Mz M ikak” I’4?M IN [Sci
Mncs (PROMBLC PROMBLt olsslPAlcof (?CR (PCR WINO DIA. ?$01[0

HoWs) ●cnccril WAR WAR) VcAn)
*

R. HAMOLW6 UWLms (4) SIC NOTE - >O(z)ts(z) SCALtVtL $4 . . . . . . . t
?*

D. w a6 MM . t4(z4).t* StA LCKL Co .
maTAT

e.us - . Ztla *(u 1
(2) 4C

KAPOM
Msw IllNt
AmM NW84
14Rs MM
mom-lwtt-
IML) IML)

MTR&4s- QzMoms (M)Stc S(C Co(d) .zo(l) SEALEVCL b9 t (u

WRT Nm

W(ll

moms &

1

w MOlta

.

44 09U 84W
MRIVU Al d w 24 m 24

XFel *S *S

* m.

InAL) P(u)

6. mm mm 24WS (lb) lsQil. - M (4) SMLCWL 84 . . No

WmuMal

. .

w“ us

. . 1

Wsw
)cPol Cv?ocmo

au

Wwws
amwlM

& MPol M4Mwns ( x) Scc SU B4(s)-m(t) SCA UVCL $* . .

‘RMSPORT

. . 1

ROWS a Af’m MOTC*

.

a

‘o AmMsc J

Pc
ARNCR

0
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TABLE LI. ~ cvtivlr
.

~ (Continued)

EUROPEAN SCENARJO (NOMINAL)
[)S NAW STORES LOGISTIC LIFE CYCLE

(NOMINAL PARAMETERS)
5-YEAR LIFE CYCLE

t’XHtATION AND LEVELS OF EXPOSURE TO ENVIRONMENTS
APPLICABLE TO AN EXAMPLE

A) FACTORY IS ASSUMED B) 1 RT CONtJS-AB/AC<ONUS C) SEE EXPLANATORY NOTES
TO BE IN CENTRAL CONUS 2 RT AB/AC-EURPOE DEPOT-AB/AC

ONMCMT I 1 1 I I

I “-”t ‘-l’F=iTlsuiT-’i’’l%L
I MouRs) ●tMmw

1?. MOLW M OATS - S4(Z$)40 StALt?KL $$
ML*V (2) 49
TnMsPonr
DIPOT TO

~sc on

94. OWol 1$sOms . 94(t4$)-ts SCA LCVCL co
sl~ ($4) a
(~t)

W.mMsu u W(ms (:)lBQn. >0(?) 15 (1) SCALWSL w

$O”HS t-l ?9

b4MMlm6 I lroolDnoPl 1 II
ON

m.WC6POMS 1$Motms(u)t9Qll- - >Q(3) 19(2) St& LtVCL cd

stoat AMA w“ MS ?$
m. msP,

sursPR4T

..-. .,iiiti.

1-DCSSIMTCO

.

I

I

AT END OF TABLE

I I (

‘--”ma=

T
.

1“

T
2 (u 14(4z
Pwt Ht4t

M72 AHY24

nnsw
wmom-
WQhL) w)

T1 (u w($2

Wmu

Ntva MV24

Ioms m

IMa+ *

d-
~1 ,.-.
pMD Iousr EM

f

I*M m [sit
IWalo ma Note0]

U*o.oot 1

100.U,
WCMCS

T4sMPMo.04tt10O.us

Mews

1
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.MIL-HDBK-781

TABLE LI. ~
●

(Continued)

LUROPMN SCkNAAW (NOMINAL)
US NAW STORESLOGISTICLIFECYCLE

(NOMINAL PAFMMETERS)
5-YEAR LIFE CYCLE

DURATION AND LEVELS OF EXPOSURE TO ENVIRONMENTS
APPLICABLE ~ AN EXAMPLE

A) FACTORY IS ASSUMED B) I RT CONUS-AB/AC<ONUS C) SEE EXPLANATORY NOTES
TO BE IN CENTRAL CONUS 2 RT AB/AC-EURPOE DEPOT-AB/AC AT END OF TABLE

~T *T Smav \
Cvsrn -ma snoou w8n6- ?n’@ ALTITWC HWmItT aWLMA~ 111.wml

—4 .— . —..
n#maJs AOWSWS RAW S?toW w Wsl STATUS

(M#lBms] Tw (AT

— -.
wLWSL Q ‘HZ 9C ‘— tom rscT WIP.) StKL

——.
40 Hz IWHn Irunn *H m wci –

●m ttscos (P~LC ●DBaBLs WSamtsw mm mm -0 Dw. non.)
moms) ●CRC[NT Vtm UAa) mm)

●

2L,Tws. $R.t. (SUCVCNT81lMWU@420AWMOlCS LMOM) (SCECVCMISIT*-ZO MMOTCSL*M)

IixX-l I I

mm
U.Uswms u-s t8)t94n. . 38(2)s (t) Sra S4 . . .

STOM MCA

. . 1
w“ Ms (See LIVSL ?*

14. Uwe 043 MW . . so (UM) - 81A 6$ . b.as m 1(Q *(U 4s*Mo,0bt 1

DCAD Zo (U*) LCVtL 4$ tvlosmc HJu flau too.us
‘u -M mm ~
ruruius w *S

1111111 lll=llx;lx;lll
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TABLE LIo~ ●

(Continued)

tURWtAN SCENAIW (NWJIINALJ
US NA\’Y STORES LOGISTIC LIFE CYCLE

(NOMINAL PARAMETERS)
5-YEAR LIFE CYCLE

I. XMMTIONAND LEVELS OF EXPOSURE TO ENVIRONMENTS
APPLICABLE TO AN EXAMPLE

A) FACTORY IS ASSUMED B) 1 RT CONUS-AWAC-CONUS C) SEE EXPLANATORY NOTES
10F TABLE“AB/AC-EURPOE DEPOT-Al

I I

‘AC AT Eh
ruT Smw I

TO BE n
Iswuwwlmt

I CENTRAL CON(

I

2fi

+w OLmlWusnos Met’

Eas.●smmlc

1 1

Mlmm Imwttm boosLLMno@
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MSLCS IF
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1
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T
4nwns (4) Su
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W Ws (Src
NOtt J)

.

I
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I
t4. TnMwLn

1

5CA LtVLL t?
?>
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CLhUVLL $4
M

T
w
CWDLmct
w
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aRouTR

. . .
10onGa4az&-

rlalu
mMmM140s
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I 7-

t

141mms (s) fs*w49
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30 (2)s (2)
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TABLE L1. ~ c@g en~
●! (Continued)

H.JliW%AN &CbNAKW (NOMINAL)
US NAVY STORES LOGISTIC LIFE CYCLE

(NOMINAL PARAMETERS)
S-YEAR LIFE CYCLE

DUiWTION AND LEVELS OF EXPOSURE TO ENVIRONMENTS
APPLICABLE TO AN EXAMPLE

A) FACTORY 1SASSUMED B) 1 RT CONUS-AB/AC<ONUS C) SEE EXPLANATORY NOTES
TO BE IN CENTRAL CONUS 2 RT AB/AC-EURPOE DEPOT-AB/AC AT END OF TABLE

mwmomu 7N v !
I., . . . . ... .-- . . . .. ,.. .--.-— ~ ---------- .— ...— .- . . ..- .-. .- . . . . . ---- --- .

Cvcki-” Dti$iATloi4“ Sltiu% “- -“ TS*-” ALmua MtHDfw MaLsM m IOt.otl$ot nmats MOusnos Msr S?iow ~ ‘rWl SJATUS
W!!&m___ -_(W_____ —... –- -..----- - .. ---— ---- . — ..-
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sT-

arwno.ool 2
40 PUMOO Pam(to

(SCCMOTCK]
?00.S2s

Va m lNOtas
rolu) ?Otu)

>t. ●Cnlmic 23 Mouns . 40(1)0(1) SK& LtWL 01 . m . >..4
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MIL-HDBK-781

TABLE L]. ~
,

(Continued)

kURWtAN !iCtNAIUO (NOMINAL)
US NAVY STORES LOGISTIC LIFE CYCLF

(NOMINAL PAIU4METERS)
5-YEAR LIFE CYCLE

DURATION AND LEVELS OF EXPOSURE TO ENVIRONMENTS
APPLICABLE TO AN EXAMPLE

A) FACTORY IS ASSUMED B) 1 RT CONUS-AB/AC-CONUS C) SEE EXPLANATORY NOTES
TO BE IN CENTIWL CONUS 2 RT AB/AC-EURPOE DEPOT-AIVAC— — —

twm@omsMT
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mm oLmAnoN Imoou ?mn& rmP — Mnnms 00Lwlun17
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AT END OF TABLE
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TABLE L1. “
o

~ (Continued)

13JROMAN SCENAAMI (NOMINAL)
US NAVY STORES LOGISTIC LIFE CYCLE

(NOMINAL PAWMETERS)
5-YEAR LIFE CYCLE

DURATION AND LEVELS OF EXPOSURE TO ENVIRONMENTS
APPLICABLE TO AN EXAMPLE

A) FACTORY IS ASSUMED B) I RT CONUS-AB/AC<ONUS C) SEE EXPLANATORY NOTES
TO BE IN CENTW CONUS 2 RT AB/AC-EUR.POE DEPOTAB/AC AT END OF TABLE

1 I I 1 1 I Isul sPMr I I i I iWimmii
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mFYii%-
LIOUT
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m LTmNt
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I I
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TABLE L]. ~ C~~ (Continued)

kUWPEAN SCENARIO WOMINAL)
US NAVY STORES LOGISTIC LIFE CYCLE

(NOMINAL PA~METERS)
5-YEAR LIFE CYCLE

DURATION AND LEVELS OF EXPOSURE TO ENVIRONMENTS
APPLICABLE TO AN EXAMPLE

A) FACTORY IS ASSUMED B) I RT CONUS-AB/AC<ONUS
TO BE IN CENTRAL CONUS 2 RT AB/AC-E

hmmaoualI I I I I 1 1
I 1 I I I I 1
}Wtmo!1~ Iw--ltr- kf?lwchwmm PocuMnm

Mrlrm)

‘t .. . .

EPOT-ABIA

=!==

+XF’

C) SEE EXPLANATORY NOTES
- END OFT/
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TABLE LI.

MIL-FiDBK-781

(Continued)
AN EXAMPLE

NOTES TO ACCOMPANY
U,S. NAVY STORES LOGISTIC CYCLE

DUIUTION AND LEVELS OF EXPOSURE
TO ENVIRONMENTS

FOR A LIFE OF 5-YEARS (43800 HOURS)

GENERAL -- NEGLIGIBLE RESPONSE CONDITIONS ARE INDICATED BY A DASH. STORE STATUS
DEFINITION SHOWN IN ACCOMPANYING CHART TO NOTES (STORES LOGISTJCS
STATUS CONDITION. NOTE O)

- AB/AC ISAIRBASE OR AIRCRAFT CARRIER

* - ASSUMED ENVIRONMENTAL LEVEL

● * - RE-ENTRY POINT lN LOGISTIC CYCLE FOR REUSABLE STORE (EVENT 26)

● ✘☛ - ASSUME EACH TAKEOFF ISA CATAPULT, EACH LANDING AN ARRESTMENT

A 25g FOR 11 TO 18 MILLISECONDS (LONGITUDJNAL)
1 FOOT DROP TO CONCRETE (CORNER DROPS)
(ASSUME MAXIMUM OF 1 OCCURRENCE PER 6 EVENTW 5 YEARS)
3,5g FOR 25 TO 50 MILLISECONDS (VERTICAL AND LATERAL)
(ASSUMED 4 OCCURRENCES PER EVENT/S YEARS)

B- lgFROM lHz TO 10Hz
2g FROM 10Hz TO 20Hz
3g FROM 20Hz TO 60Hz
5g FROM 60Hz TO 500Hz

C - 25g FOR 11 TO 18 MILLISECONDS (EACH AXIS)
I FOOT DROP TO CONCRETE (CORNER DROPS)
(ASSUME MAXIMUM OF 1 OCCURRENCE PER 6 EVENTS / 5 YEARS)

D - ASSUMED NOMINAL LIFE LOADING/UNLOADING EACH TWO FLIGHTS
(2 HOURS LOADING AND 1.5 HOURS UNLOADING) AND NUMBER OF FLIGHTS
(AVERAGE 1.50 HOURWFLIGHT)

APPROXIMATE NOMINAL TOTAL

kllwmwwmumsmmm EuQiQmslummmms
AN EXAMPLE 7 22.50 23

E - THE APPLICABLE MISSILE BUFFET/SHOCK LEVELS (COMBAT MISS1ONS) ARE 2 ~$
(LONGITUDINAL). 4.5 AS (VERTICAL AND LATERAL) 10Hz TO 60 HZ (ASSUMED)
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TABLE LI. ~ (Continued)
AN EXAMPLE

NOTES TO ACCOMPANY
U.S. NAVY STORES LOGISTIC CYCLE

DURATION AND LEVELS OF EXPOSURE
TO ENVIRONMENTS

FOR A LIFE OF S-YEARS (43800 HOURS)
(CONTINUED).

F - SEE APPLICABLE M1SS1ONPROFILE(S) FOR CAPTIVE CARRIAGE FOR
A-6 P-3
FIQF-4 DC-130
F/A-18

NOMINAL CAPTIVE FLIGHT VIBWTION LEVELS (ASSUMED)

(FOR SPECIFIC STORE FLIGHT HOURS, SEE INDIVIDUAL STORE DURATION AND LEVELS OF

EXPOSURE TO ENVIRONMENTS.)

0.024 g2/Hq 20 TO 250 Hz
0.004 g2/HL 250 TO 1500 i+Z

0.012 g2/Hq 1500 TO 2000 Hz (MEAN CAPTIVE FLIGHT)

0.096 g2/H~ 20 TO 250 Hz
0.016 g2/HL 250 TO 1500 Hz
0.048 g2/HZ 1500 TO 2000 Hz (INTERMITTENT MAXIMUM)

BUFFET LEVELS (ASSUMED AT 1 PERCENT OF FLIGHT TIME)

10 Hz - 30Hz
0.1 g2/l+z
30 HZ -200 Hz
-6 dBKICTAVE

G - SEE APPLICABLE MACH NUMBER VS. ALTITUDE FOR RECOVERY TEMPERATURE AND
MISSION PROFILES OF APPLICABLE CARRIER AIRCIUFT
A-6 P-3
FIQF-4 DC-130
F/A- 18

H - 15g. 11 TO 18 MILLISECOND (ASSUMED -4 OCCURRENCES I 10 UNLOADTNGS)
18 IN. DROP TO CONCRETE (EDGEWISE DROP)
(ASSUME 1 OCCURRENCE PER 10 UNLOADING)

I - ASSUME 12 HOURS EACH FOR STORE ASSEMBLY~ISASSEMBLY AND MAINTENANCE.

MAINTENANCE, INSPECT, TEST,
NOMINAL ANNUAL AND ASSEMBLY/DISASSEMBLY

[JENCY ASS[JW OIJRS)
AN EXAMPLE 6 584

J - ASSUME I S}{OCK EACH 1 HOIJR AND 30 MINUTES IN DEPOT AND
ASSENIRI. Y’DISASSEMBI.Y AND EACH 4 HO{JRS H,4NDI,INC TRANSPORT AND TFST

I cnn -nnn

186

[1 Ilxo ,’H7 I



MIL-IIDBK-781

TABLE LI. ~
.

(Continued)
AN EXAMPLE

NOTES TO ACCOMPANY
U.S. NAVY STORES LOGISTIC CYCLE

DURATION AND LEVELS OF EXPOSURE
TO ENVIRONMENTS

FOR A LIFE OF S-YEARS (43800 HOURS)
(CONTINUED).

K - ASSUME I DAY FLIGHTLINE STORAGE PER 4 FLIGHTS, READY/ALERT 4 HOURS PER FLIGHT, AND LIVE
STOR4GE AT ONE DAY PER LOADIJNLOAD. AS FOLLOWS

LIVE FLIGHT LINE READY
MISSILE NAME STOWGE STOIWGE ALERT

AN EXAMPLE 10 7 120

L - ASSUMING DELIVERY. EMPLOYMENT, AND REPAIRJREWORK LIFE FREQUENCY. THEN THE
REMAJNING PORTION OF LIFE SPENT TNDEAD STORAGE..

RECYCLE CONUS RECYCLE TO
MISSILE NAME FACTORY/DEPOT EUR. DEPOT

IN DAYS IN DAYS
(PERCENT) (PERCENT)

AN EX44MPLE 265 145
(14.52) (7.95)

TOTAL TOTAL
DURATION LIFE DEAD
IN ACTIVE STOJL4GE

STATUS IN DAYS
IN DAYS (PERCENT)

(PERCENT)

52 1363
(2.85) (74.68)

M - SEE INDIVIDUAL STORE LISTING FOR QUANTITIES.

N - \’!RRATION (RANDOM) 4CCEI.F.R.ATION SPF,CTR.A1,DENSITY LE\’ELS FOR All STORES TNFREE FIIGHT
(ASSUMED)

NOMINAL

RANDOM VIBWTION @2/tiz)
B= Hz

0.024 0.o1 0.006 20-250
0.135 0.08 0,025 250-1500
0.012 0.02 0.003 1500-2000

APPROXIMATE MAXIMUM FREE-FLIGHT EVENT TIMES (IN SECONDS)

E~D~ FR~~ FJM.

AN EXAMPLE 9.10 165.00 FREE-FLIGHT
FUSING ASSUMED
AT 5.20 SEC
FROM lMPACl-

187
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TABLE L]. ~.
.

AN EXAMPLE
NOTES TO ACCOMPANY

(Continued)

U.S. NAVY STORES LOGISTIC CYCLE
DUIWTION AND LEVELS OF EXPOSURE

TO ENVIRONMENTS
FORA LIFE OF 5-YEARS (43800 HOURS)

(CONTINUED)

o-

EVENT
NUMBER

1
2
3
4

5
6

7

8

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

STATUS
CONDITION*

1
1
I
1
1
1
3
6
I
1
1
1
1
!
1
1
1
1
I
I

1,3,6
1
I
1

EVENT STATUS
NUMBER CONDITION”

25 3
26
27 2
28 2
29 5
30 2
31 3,4
32 2
33 4
34 2
35 2
36 2
37 5
38 2
39 2
40 5
41 2
42 2
43 6
44 6
45 6
46 6
47 6
48 .

* STATUS COND1TION

1. INOPEWTIVE IN CONTAINER
2. INOPERATIVE OUT OF CONTAINER
3. VISUAL. DESICANT, HUMIDITY (INOPERATIVE IN CONTAINER)

4. INOPERATIVE - CONTINUITY/BIT (l?WOUT CONTAINER)
5. PARTIALLY OPERATIVE
6. F[JLLY OPERATIVE
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TABLE LI1.~
● ,.r.

Low ~t. (2 HOURS, 10 Mn4UTES)

EVENT TR~C ) TR(”C )
EVENT TIME MACH (ST:N- TR(°C ) (HOT (COLD
NUM- (MIN- ALTITUDE NUM- DARD (STD DAY) DAY)
BER UTES) (FEET) BER DAY) DAY) 10% DAY 10% DAY REMARKS

o -15 0.O 0.0 0 15 45 “54 GROUND RUNUP/TAXI
1 IS I,Ooo 0.673 646 36 68 -35 TAKEOFF/CLIMB/RUN-OUT
2 25 30,000 0.582 149 -31 1 -53 CLIMB/CRUISE
3 15 8.000 0.672 4% 21 48 -13 DESCEND/ON-STATION
4 2 3,000 0.832 918 44 77 -23 DIVE/ATTACK
5 4 8,000 0.752 622 27 55 -8 CLIMB/LOITER
6 2 3,000 0.832 918 44 77 -23 DIVE/ATTACK
7 2 8.000 0.752 622 27 55 -8 CLIMB/RECONNOWER
8 2 3.000 0.832 918 44 77 -23 DIVE/AITACK
9 7 5.000 0.668 549 27 57 -23 CLIMB/DEPART STATION

10 23 47,000 0.619 76 -42 -14 -55 CLIMB/CRUISE (BACK)
11 23 4,000 0.584 436 24 55 -33 DESCEND/CRUISWLANDING
12 10 0.0 0.0 0 15 45 “54 TAX1/PARK

-. .~ (2 HOURS, 10 MINUTES)

EVENT TR (“C) lll~c)
EVENT TIME ALTITUDE MACH (STh- TRt’C ) (HOT (COLD
NUM- m- mm ~- DARD (s-m DAY) DAY)
BER UTES) BER DAY) DAY) 10% DAY 10% DAY REMARKS

o -15 0.0 00 0 15 45 -54 GROUND RUNUP/TAXI
I 7 5.000 (145 249 16 43 -33 TAKEOFF/CLIMBIOW

-27 5 -50 CRUISE
2 18 30,000 0.65 186 30 58 -8 CLIMB/ON-STATION
3 4 10,000 0.85 736 4 21 -28 DESCEND/HIGH ATTACK

4 6 20,000 ().80 436 36 64 -3 CLlh4i3/MITER
5 2 10,000 092 862 -3 13 -34 DESCEND/HIGH A’lTACK
6 8 20,000 070 334 -16 42 -21 CLIMWLOITER

7 16 10,000 0.65 430 38 71 -33 DESCEND/HIGI-l ATTACK
8 13 1,000 0.70 700 26 56 -30 DESCEND/ON-STATION
9 3 5.000 0.65 520 58 93 -19 CLIMWINITIAL RUN-IN

10 2 500 0.93 1,263 43 76 -26 DIVE/A’ITACK
II 4 2*000 0.80 881 51 85 -25 CLIMIVRECONNOITER
12 2 500 0,85 1,0s5 26 58 -40 IXVWATTACK
13 6 2,000 0.55 417 47 81 -26 CLIMB/RECONNOITER
14 3 1.000 082 960 16 42 -21 DIVE/A’ITACK
15 19 10,000 0.65 430 24 55 -39 CLIMWCRUISE (BACK)
16 7 3.000 055 40 I 15 45 -54 DESCEND/CRUISE/LANDTNG
17 10 00 00 0 TAXI/PARK

1 OR MAXIMUM AS AVAILABLE (NOT LESS THAN 71”C~
l’~ - RF(.’OVERY TEMPERAT[ IRE
T~ (“R)= Tm ~R) II + 0.178 (MACH N(],]z]
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TABLE 1.111.~r {~~.
. 4 s. 1 I

(Continued)

A J’wfINIMUMOF FOUR TEST ITEMS AT 325 HOURS OF TESTING PER TEST ITEM (THAT IS, NOT
LESS THAN 1300 HOURS OF TOTAL TESTING 1S RECOMMENDED).

THE TEST CYCLETllME FACTOR 1S DETERMINED BY DIVIDING THE TOTAL TIME ALLOCATED
PER TEST ITEM BY THE TOTAL TIME PER TEST CYCLE (? 325116.017 = 20.291. OR 2.03 TIME
ADJUSTMENT FACTOR FOR EACH TEST EVENT FOR 10 CYCLES).

USE TO EXPAND THE PROFILE TIME SCALE OF FIGURES 143 THROUGH 148 AND THE
CORRESPONDING TABLES (THAT 1S. 2.03 TIMES EACH MANEUVER DURATION FOR TESTING
lhl EXAMPLE PROFILES).

ONE SIMULATED LAUNCH PER TEST ITEM (ASSUMED 325 HOURS CAPTIVE FLIGHT I LAUNCH)

SEE 5.9.3. I FOR SCHEDULING SHORT-TERM AND LONG-TERM ELECTRICAL INTERRUPTS.
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TABLE LV. ~d free-~low-low~. V*
. . . .

(Continued)

GENERAL FREE-FLJGHT NOTE

Based on the approximate relationship of a constant boundary layer pressure ratio with flight dynamic pressures and
aerodynamically-induced random vibration (Reference 23, pages 21 and 58) and the relationship of WO= K(q)2(the
spectrum relationship between equipment locations and surface discontinuities). the free-flight (grms)2 acceleration,
(hence, the level relationship for the PSD versus frequency) is assumed to vary in direct proportion to the jet aircrafl
smooth surfaces flow and discontinuity surfaces flow coefllcients.

)
K (discontinuity) K (captive flight)

or, [WO]

free = \ (w.) - =(0.1914) [Wol
flight K (discontinuity) high speed

captive PSD
where:

q(M = 0,45) ~q~q(M = 2.0)

and,

WI = Wo-3dB

These limits are based on Reference 23, pages21 through 25 and the initial assumptions of the
Ms 0.45 and qs 250 lbs/ft2the minimum level of WOfor testing. then.

[grin’(q, WO)J = (0. 1914)2 [gml, (% w(l)]
free high speed
flight captive data

or,

km (%Wo)l = (0.4375) km (%Wox
free high speed
flight captive data

where,
the gm$relationship is shown in FIGURES 132 through 134
q(MIN) s q ~ 5930 lbs/ft2

qMIN is listed in TABLE XLVII1 for FIGURES 132thru 134
MACH (MAX) = 2.0
V@= 1116.89R./second; (for Mach = 1.0 at sea level)

q(MAX = 5930 !bsIfiz (for Mach = 2.0 at sea Ieve!)
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● 445
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FIGURE 1. Duane Plot —
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FIGL~RE6. MTBF assurance test (cur\’e 1).
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Decision Risks (Nominal) 10 Percent
Discrimination Ratio (d) 1.5:1

(

auml

ACCWT

TOTAL TEST TIME(IN MULTIPLES OF LOWER TEST MTBF, &~

Chargeable Standardized termination time, # Chargeable Standardized termination time, ?
failures Reject at t~s Accept at t~ failures _Rejcct at ~ Accept at t~

o N/A 6.95 21 18.50 32.49
1 N “.4 8]7 z? 1980 33.70
2 NIA 9.38 23 21.02 34.92
3 N/A 10.60 24 22.23 36,13
4 IWA I I .80 25 23.45 37.35
5 hJ/’A 13.03 26 24.66 38.57

I

6 0.34 14.25 27 25.88 39,78
7 1.56 15.46 28 27,07 41.00

8 2.78 16.69 29 28.31 42.22

9 3.9g 17.90 30 29.53 43.43

10 5.~o 19.11 31 30.74 44.65
1! 6.42 20.33 32 31.% 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 23.98 35 35.61 49.50

15 11.29 25.19 36 36.82 49.50

16 12.50 26,41 37 38.04 49.s0

17 13.72 27.62 38 39.26 49.50

18 14.94 28.64 39 40.47 49.50

19 16.15 30.06 40 41,6g 49.50

20 17.37 31.27 41 49.50 N/A

“ Total test time is the summation of operating time of all units included in test sample.
“ TO determine the actual terminaticm time, multipl} the standardized termination time (t) by the lower test

MTBF(8, )

FIG(JRF 9. Test P~ I-D,
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OC CURVE
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FIGURE 9. Test Plan 1-D (Continued)
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REJECT

I

A I

s ?0 Is a a

TOTAL TEST TIME (IN MULTIPLES OF LOWER TEST MTBF, 91$’

Chargeable Stanciarditi termination time, ~ Chargeable Standardized termination time, #,
failures Reject at tRS Accept at t~ failures Reject at t~ Accept ●t t=

o N/A 4.19 10 8.76 16.35

I IWA 5.40 11 9.98 17.57

2 WA 6.62 12 11.19 18.73

3 .24 7.83 13 12.4! 19.99

4 1.46 9,05 14 13.62 21.21
5 2.67 10.26 15 14.84 21.90

6 3.90 11!49 16 16.05 21.90
7 5.12 12.71 17 17.28 21.90
8 6.33 13.92 18 18.50 2I .90
9 7.55 15.14 19 21.90 NIA

Accept-reject criteria

1 “Totaltest time K the summation of operating time of all units included in test sample.
2’ TL, detemlne the ~ctua] ~eminatjon ~lme- ~ultlp]} the standardized te~ination time (t) bj the ]ower test MTBF

.
(0,)

FIGURE 10. ~, .
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OC CURVE
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a = 20 percent
@ = 20 percent
d - 1.5:1

‘o
1.0 el 4.5 (I1

TRUE KTBF EXPRESSED AS MULTIPLES OF O., 01

EXPECTED TEST TIME CURVE
#

●

7
l\ &I

b

m

t 1 1*,.*m..*,l*.t*.tl1l]
1.0 3.0 o~

1.0 e~

TRUE WBF EXPRESSED

2.0

AS MULTIPLES

4.5 q

OF O., 01

F1GURE1O. Test Plan II-D (Ccmtinued)
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Decision RM (Nominal) 10Wrccnt
Di$cfimifution R8tio (d) 2.0:1

10L_
AC@T

s to ?s ?0 2s

TOTAL TESTTW (M MULn~ W L- =-F, 61) !/

TOTAL TEST TIME (IN MULTIPLES OF LOWER TEST MTBF, 8,+’

Chargeable Standardized termination time, ?’ Chargeable Standardized termination time, #
failures Reject at ~ Accept at t& failures Reject at K Accept i3t t*~

o NIA 4.40 9 9,02 16.88
1 NIA 5.79 !0 10.40 18.26

2 WA 7.18 s] I 1.79 19.65
3 .70 8.56 12 13.18 20.60
4 2.08 9.94 13 14.56 20.60
5 3.48 11.34 14 15,94 20.60
6 486 12.72 15 17.34 2060
7 6.24 14.10 16 20.60 N/A
8 7.63 1s.49

Accept-ilqcct criteria

~’Total test time is the summation ot operating time of all units included in test sample.

:1’0 determine ~he actual (mnlnation time. multiply the standardized termination time (t) hy the lower test MTBF ( 61)

FIGUKE 11. lest P~.
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I I 1 I

TRUE

a= 10 percent

P= 10 percent
d m 2,0:1

1.0 2.0 3.090

LO el 6.001
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FIGURE 11. Test Plan HI-D (Continued)
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Decision Risks(Nomirwi) 20 Pwcmt
Discrimination Ratio (d) 2.0:1

RU~

ExFwddUid0a80ht

TOTAL TEST TIME (IN MULTIPLES OF LOWER TEST MTBF, O,F

4

Chargeable Standardized termination time, #
faiiures

r
Reject at t~ Accept at t~

o N/A 2.80
1 N/A 4.18
2 .70 5.58
3 2.08 6.96
4 3.46 8.34
5 4.86 9.74
6 6.24 9.74
7 7.62 9.74
8 9.74 N/A

●

Accept-reject criteria

‘ Total test time is the wmmaticm of operating time of all units included in test sample

“ To determine he actual termination time, multiply the standardized termination time it) bj k lower test MTBF
( 6,)

FIGLJRE 12. W( Plan I\“-D.

‘7?<---



MI L-HDBK-781

.- (IC CURVE

. u

.9 ‘

.6 ‘ I

.5
[

ox’’’’ ~’’’’’’’ ~’ l”” ““J
1.0 2.0 3*O

1.061

TRUE MTBF EXPRESSED AS MULTIPLES
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FIGURE 12. Tes[ Plan IV-D (Continued)
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Dechion Risks (Nominal) :{P:rcent
Discrimination Ratio (d) . :

RHECT fONTIWJE
ml

ACCEPT

b

TOTAL ?’ESTTIME (IN MULTIPLES OF 10WER IEST MIBF, &)l/

TOTAL TEST TIME (IN MULTIPLES OF LOWER TEST MTBF e,?’

Chargeable Standardized termination time, #.
failures Reject at t~~ Accept at t~

o NIA 3.75
1 N/A 5.40
2 .57 7.05
3 2.22 8.70
4 3.87 10.35
5 5.52 10.35
6 7.17 10.35
7 10,35 WA

Accept-reject criteria

I’eta! test time IS the summation Of operating time Of all unns included in test sample.

TO determine the actual terrninaticm time. multiply the standardized termination time (t) by the lower test MTBF

e,)

FI(;URE 13. ~
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10 percent
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FIGURE13. Test Ph.nV-D(Continued)
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Wcition Risks (Nominal) 20 Pwcant
Dkrfmlrwlcm Ratio (d} 3,0: t

3

2

1

0
.7s

aEJEa

8.?% 4,s0

ACCEPT

TOTAL TEST TIME (IN MULTIPLES OF LOWER TEST MTBF, O,p

Chargeable
failures

o

1

2
3

Standardized termination time, #

Reject at t& I Accept at t~

N/A 2.67
N/A 4.32

.36 4.50
4.50 NIA

Accept-reject criteria

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) b} the lower test

MTBF ( 0,)

FIGLJRE 14. Test Plan VI-Q.
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.4
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1.0
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2.0

AS MULTIPLES OF
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‘o
‘1
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20 percent
3:1

FIGLJRE 14. l’est Plan Vl-D(Contin[]cd)
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MIL-HDBK-781

kiskn Risk (Nominal) 30 Porctnt
Discrimination Ratio (d) 1.5:1

4 ‘

I

4

2<

9

1 2 3 4

1

s
TOTAL TEST TIME (IN MULTIPLES OF LOWER TEST MTBF, 0,#

Chargeable Standardized termination time, #’
failures Rejeet at t~ I Accept at t~

4

5

6

WA
N(A
NfA
I .22
2.43
3.65
6.80

3.15
4.37
5.S8
6.80
6.80
6.80
N/A

Accept-reject criteria

7

1uld lest lIIIIC is dw sunlnwioil 0! operdlmg lIIAK uftiil unltb m~kied m Ml sampk.
To determine the actual termination time, multiply the standardized termination time (t) b} the Io\ver test MTBF
0,).

FIGURE 15. ]’est Plan VU-Q.
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AS MULTIPLES OF
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3.090

4.5 el
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Ad ma

2.5
—
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0 .
1.0
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TRUE HTBF EXPRESSED

2.0

AS MULTIPLES
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4.501

OF 9*, q

30 percent
30 percent
1.5:1

FIGURE 15. Test Plan VH-D(Continued)
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1

0

IVIIL-HDBK-781

REJECT

.-14 24 B# 498 $.0

TOTAL TEST TIME (~ MULTIPLES OF LOWER TEST MTBF, 01#

Chargeable Sta.mkiized termination time, #
failures

1
Reject at t~ I Accept at t~

o NtA 1.72
I TWA 3.10
2 NIA 4.50
3 4.50 ?WA i

Accept-reject criteria

1’ Total test time is the summation of operating time of ail units included in test sample.
2’ To determm“ e the actual termination time, multiply the standardized termination time (t) by the lower test MTBF

( 01).

1 I
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OC CURVE
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1 1. J
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m
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FIGLIRE 16. Test Pkm \7111-D(Continued)
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REJECT

CONTIHUE
TEST

.4

TEST TIME (MULTIPLES OF 01)

FIGURE 17. l’ixed-duration test plan (example)



MIL-HDBK-781

100/s CONSUMER’S RISK m TEST PLANS

f

,4
EXAMPLE:

TEST PLAN
IO-6

ACCEPT AT
TES;2$IME

.

t
t I

!

I
I

FOR
PRODUCER’S
RISK OF

6 t
,

I I 1 I I
o 4 8 12 16 20 24 28

TOTAL TEST TIME (IN MULTIPLES OF LOWER TEST MTBF. 0,)

TEST PLAN NIIMBER OF FAILIIRES TOTAL TEST TIME (T) ACCEPTABLE DISCRIMINATION RATiO, (fl@, FOR

NUMBERS (MULT’!PLES OF (MULllPLES OF PRODUCER’SRISK

ACCEPTED REJECTED e,) 0,) a=30°/o a =20’?/0 a=10%

1o-1

10“2
Io-3
104
10-5
10-6
I o-7
10-8
Io-9
1o-1o
IO-II
10-12
10-13
1O-I4
10-15
10-16

1O-I7
1O-I8
10-19
10-20

0
I
2
3
4
5
6
7

8
9

10
11
12
13
14
IS

16
17
18
!Q

T
2
3
4
5
6
7
8
9

10
11
12
13
14
Is
16
17
18
19
~~

230
3.89
5.32
6.68
7,99
9.27

10.53
11.77
12.99
14.21
15.41
16.60
1778
18.96
20.13
21.29
2245
23.61
2475
?~ 9fl

230+
I ,94+
177+
1.67+
I .59+
1.55+
I so+
1.47+
1.43+

! .42+
I .40+
1.38+
I .37+
! .35+
1.34 +
133+
1.32+
1.31 +
I 30+
I 29+

646
3.s4
2.78
2.42
2.20
) .95
I 95
1.86
1.80

1.75
1.70
1.66
1.63
1.60
1.56
1.56
1.54
1.52
I 50
I Au

1032
4,72
347
2.91
2.59
2.22
2.22
2.11
2.02
1,95
1.89
1.84
179
1.75
1.72
1.69
1.67
1.62
! 62
1 m

2185
7.32
4.83
3,83
3.29
2.70
2.70
2.53

2.39
2.28
2.19
2.12
2.00
2.00
I .95
I 91
187
1.84
I 78
I TM

FIGURE 18. 10 P~. t



MTBF (X(e[) )
Is,

10

e

6

4

ACCEPTABLE
OBSERVED
MTBF ~ 7

LOWER TEST
MT9Fe I ~

MIL-HI)BK-781

200/. CONSUMER’S RISK (#) TEST PLANS

4 8 12 16 20 24

TOTAL TEST TIME (IN MULTIPLES OF LOWER TEST MTBT, e})

TEST PL.4!! !(LhtBEROFF/tlLURES TOTAL TEST TIME (T) ACCEPTABLE DISCRNIINATION R4TIO, &’0, FOR
NUMBERS (MULTIPLES OF (MULTIPLES OF PRODUCER’S RISK

ACCEPTED REJECTED 0,) 01) a=30% a -209/, a=] 00/0

lo.]

20-2
20-3
204
20-s
20-6
20-7
20-R
20-9
20-10
20-1 I
20-12
~o.!3

20-14
20- I 5
~o-]6

20-17
20-18
~f-1.lo

20-20

0
I
2
3
4
5
6
7

a
9
10
11
12
13
14
]~

16
17
!R

19

1
2
3
4

5
6
7

8
9

10
!1
12
13
14
15
16
17
18
19
~(j

161
2.99
428
5.51
6.72
791
9.08

10.23
11.38
12.52
13.65
14.78
1590

17.01
18.12
19.23
20,34
2144
?? <~-.
23,63

1,61 +
1.s0+
I ,43 +
1.38 +
I ,34+
1.32 +
I .30+
1.28 +
1.26 +
1.25+
! .24 +
1.23 +
1.22 +
1.21 +
1.21 +
1.20 +

1.19+
I !9+
118+

1.18+

4,51

2.73
224
I .99
1.85
I 75
I .68
I 62
1,?7

1.54
1.51
1.48
1.46
I .44
1.42
1.40
I .39
I 38
1 l?
].35

7 Z-J

3.63
2,79
240
217
2.03
1.92
1.83
177

1.72
1.67
I .64
1.60
1.58
1.55
1.53

1.51
149
I 48

I 46

1S.26

5.63
388
3.16
2.76
2.51
2.33
220
2.WJ
2.01
194

1.89
I a4
1.80
176
1,?3

1.70
167
I ()<

163

FIGURE 19. ~ lest PIUIS.. 1 .
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MT8F (X (et))

10

e

6

4

ACCEPTABLE
08SER ED

&MTBF _
z

LOWER TEST
MTBF 61 ~

o -4 8 12 16 20 24

TOTAL TEST TIME (IN MULTIPLES OF LOWER TEST MTBF, (3,)

J-EST PLAN NUMBER OF FAILURES TOTAL TEST TIME (T) ACCE)7ABLE DISCRIMINATION RATIO. (&#tll FOR
NUMBERS (MULTIPLES OF (MULTIPLES OF PRODUCER’S RJSK

ACCEPTED REJECTED 0,) 0,) a=3~ a =2&/’ a= 1&/.

30-1
30-2
30-3
304
30-5
30-6
30-7
30-8
30-9
30-10
30-11
30-12
30-13
30-14
30-15
30-16
30-17
30-18
JO-19
30-20

0
1

2
3
4
5
6
7

8
9

10
11
12
13
14
Is
16
17
Im
19

I

2
3
4
5
6
7

8
9

10
ii

12
13
14
15
16
17
18
19
20

1.20
244

3.62
4.76
5.89
7.00
8.1]
9.21

10.30
11.39

12.47
13.55
14.62

15.69
1676
17,83
1890
1996

2102
2208

1.2W
I .22 +
1.20+
1.19+
1.18+
I 17+
1 16+
1.15+
1.14+
1.14+
1.13+
1.13+
I 12+
J,JJ+

I 12+
111+
1.11+
1!1+
)1!+

1.10+

3.37
2.22
1.89
1.72
1.62
I 55
1.50
1.46
1.43
I .40
1.38
I 36
1.34
1.33
I 31
1.30
1,29
I 28
] ~?

1.27

FTGI.JRE20. 30 Pe co~ Test P@.

238

5.39
296
2.35
2.07
I 9!
179
1.71
1.65
1.60

1.S6
1.53
I 5(I

1.48
1.45
I 43
1.42
I 40
1 ?9

138
I 36

1I .43
4.59

3.28
2.73
243
2.22
2.08
I 98
1.90
1.83
1.78
I 73
169

I .66
163
1.60
I 58
1 56
] 54

I 52

r L- = 1 . --. = : —-- —. -, .> _. ._-— : -.
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MiL-HDBK-781

CONFIDENCE

----

2.00 ‘

CONFICIENCE

U(J ●

( INTERVALS
r

.70 -80%

.60
,

.4Q

,30)

1 5 678910 20 30

TOTAL ?WM8ER OF FAILURES
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CONFIDENCE
LIMITS

10.00
9.0
8.08
7.00
6.00
5000

4.00

3.00

2,00

1.00
●90
.80
.70
.60
.50

.40

●30

.20

1

u — -(

COMFIDE!iCE
INTERVALS

1

I
1 1

L
70%b — — - - w

1 2 34 5 678’910 20 30

TOTAL PUi?4BEiOF FAILURES

-Ill lx -l,? r = I ,* m,.- –,—–.––.––
-1 – 1*–1- 1 1
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90 m

Standard

45.00 J

‘ stand~d fixed-duratim t.st pkm
with early re~ection

40.00

3s.00

30.00

& f I

M.WI //
S’o.oo i

.00

.00

//
I

fixad-duration twt plon

Om 1.00 200 3.00 4,00
TRUE MTBF (IN MULTIPLES OF LOWER TEST MTBF)

PRO(3WM MANAGER’S ASSESSMENT

FIGURE23. WI P~IX-D
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OC CURVE

.00 . so 1*W 1.50 2.00 2.50 3.00 00

.00 .75 1.50 2.2s 3.00 3.75 4.50 o~

m HW EXPUESSCOAS HIJLTI?LE W O.,O1

FIGLIRE23. ‘-~-D. (Cmtinued)

~4~

a = 10 percent
B“ 10 percent
d = 1.5:1

—
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30.00

2s.00

to.oo

1s.00

moo

S.oo

0.00

MIL-HDIIK-781

plon

Wondord fhmd-dumtlon -t plan

Stondord f ixed-durotlon test

with Qori y rejtdkfl

~ Early-accept test plan

1.00 %00 4.00

TRUE MT6f (IN MULTIPLES OF LOWER TEST MT9F)

PROCRAM MANAGER’S MSSWIUT

FIGl~RE 240 Test Plan X-1).

*> -1,111 i 1 0,-1
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k

:
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,00

(
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I
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d a 1.5:1

.al .50 l.m 1.50 Z.m 2.s0 3.m ~
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FIGURE24. ~est~ . (Continued)
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too

0.00

MiL-Hl.)BK-781

~ Standotd f iaod -dmtion test plan

=Stondord fked-duration test plan

with early r.joction

~ Early-accept test plan

Loo ).00 Loo no 4m

TRUE MTBF (IN MULTIPLES Of LOWER TEST MTBF)

PROGRAM MANAGERS ASSESSMENT

FIGIJRE 25. ~ X1-D
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(IC CLIRK

‘“”r
00l--

t]

1

/

1 1 1

.m .50 1.00 1.50

.00 ●75 1.50 2.25

TulK Mm txmtssm As

Z*OO

3,00

MULTIPLE

I 1 I
4

2.50 3.00 Q.

3.75 4.59 el

OF o~, (j

a = 20 percent
@ = 20 percent
d m 1*5:1

alwlll F-,Bm- 1 -1 I I I I { I
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1$.00

k mooo

8.00

4.00

tQo

0.00

T

MIL-HDBK-781

~ Stmdard fix.d-dumfb test plan

ftxed- durotlon test
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Eariy-ac~@ test plan

aoo 100 tm 4.00 8.00 6.00

TRUE MTBF (tN WLTIPLES OF LOWER TEST MT6F]

PROGRAM MANAGERS ASSESSMENT

FIGUW 26. Test P~.
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OC CURVE
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/
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FIGURE 27. ~,
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OC CURVE
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FIGURE27. ~t Pw -Il. (Continued)
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1.OO

0.00
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20
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s

o
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7

REJ~

f“●0.72T-I.SO

.

Bouy’’EMv

s 10 Is m 2s

TEST TlhmE(lN MULTWLES Of LOWER TEST ~, @I

TOTAL TEST TIME (m MULTIPLES OF LOWER TEST MTBF,81)

Chargeable Standardized test time, t 2 Chargeable Standardized test time, t2I
failures Reject line Boundary line failures Reject lme Boundary lme

o NIA 4.40 9 9.02 16.88
I N/A 5.79 10 10.40 18.26
2 N/A 7.18 11 1I .79 19.65
3 .70 8.56 12 13.18 21.04
4 2.08 9.94 13 14.56 22.42
5 3.48 11.34 14 15.95 23.81
6 4,86 12.7? 15 17.33 ~5.19
7 6.24 14.10 16 18.72 26.58
8 7.63 15.49

1 Total test time is the summation of operating time of all units included test sample..
: TO determine the actual test time. multiply the standardized test time

(see 4.8,.l 3 t

ALL-~QL;lPMENTPRODUCTIONRELI,ABILIT}’

FIGURE 35. ~est PIw XYIII Q.? -

(t) b) the lower test IMTBF (0,).

,4CCEPTANCE “1’EST PLAN.
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so

40

so

20

to

o
10 20 30 40 so &

TOTALTEST M (M MW$ OF LOWER TWTMT8f, & )!(

TOTAL TEST TIME (iN MULTIPLES OF LOWER TEST MTBF, (),)

Chargeable

failures

o
;
3
4
5
6
7
8
9

10

:;
13
14
15
16
17
18
19
20

Standardized test time. t Z
Reject line

lWA
FJ’A
NIA
NIA
NIA
NfA
0.68
1.89

3.11
4.32
5.54
6.75
7.97
9.18
10,40
11.61
12.83
14.06
14.94
15,27
17.37

Bound& 1“me

6.60
7.82
9.03

10.25
11.46
12.68
13.91
15.12
16.34
17.55
18.77
19.98
21.20
22.41
23.63
24,84
26.06
27.29
~8.50
29.72
30.93

,0

0

00WDARV
LtMt

Chargeable Standardized test time, t =
failures Reject line I Boundary line

21
22
23
24
25
26
27
28
29
30

;;
33
34
35
36
37
38
39
40
41

18.92
20.13
21.35
22.56
23.78
24.99
26.21
27.44
28.65
29.85
31.08
32.30
33.51
34.73
35.94
37.16
38.37
39.59
40.82
41.69
43.25

32.15
33.26
34,58
35.79
37.01
38.22
39.44
40.67
41.88
42.22
44.31
45.53
46.74
47.96
49,17
50.40
51.61
52,83
54.38
55.26
56.48

Accept-reject criteria

“ Total test time is the summation of operating time of all units included in test sample.

—

; r“odetermine the actual test time, multiply the standardized test time (t) by the lower test MTBF (9,).
(See 4,8,3.3.)

FIGURE 37. ~
. ! - .
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buwalwksa- #-w@of-
DtscrimlnatkmRD@o(d) 1.$:1

“rlz=r

aaMcT ,0 DowoMv / /

LINE/ MC /

T,= law - ‘--

! TBmlJlW+&lS9

!i 18

‘-””v COMTWU1 =1 1

Chargeable

faihres

o
1

2
3

4

5

6
7

8

9

TOTAL TEST TTME(TNMULTIPLES OF LOWER TEST MTBF, e,+’

Standardized test time, t z

Reject line I Boundary line

N/A
NJA
N/A
IWA

0.705

1.92
3.14
4.35
5.57

6.79

4.16
5.38
6.59
7.81

9.02

10.24
11.46

12.67
13.89
15.10

Chargeable

failure

10
II
12

13

14

15

16

17
18
19

Standardized test time, t z

Reject line I Boundary line

8.00
9.z2

10.43
1I .65
12.87
14.08
1529

16.51
17.73
18.95

16.32
17.54
18.75
19,97
21, i8
22,40
23.62
24.84

26.05
27.26

Accept-reject criteria

1 rual (W lmw IS the summatwn oi”operatlng IIme 0/ ail unm mciuded m test sample.

J To determine the actual test time, multiply the standardized test time (t) by the lower test MT13F(Ol).
(See 4.8.3.3 )

I’lGIJRE 38. ~11-~ _ derived ~.

~70



1.0

.4

.3

.2

.1

0

MIL-HDi3K-781

(x clJRvE

,9

.8

.7

m

D

m

w

.6 ‘
m w

.5 “ 4

m k

P

m

D

I

m

.25 .5 ,75 1.0 1.5 2.0 2.5 3.0
TRUE HTBF AS MULTIPLES OF 01

FIG1.’RE]8. ;~lka$cst ~ dc~i~.cdfrom 11-Q.(Continued)



MIL-HDBK-781

20

15
.—

!!&

1

10

s

0

DhcrimitwtiomRStIO(d) -

~

I KEcl

I

s 10 1s a 2s
TOTU TEST-(N WLTWU$ W LOWIR TC$? MT8F,@t W

TOTAL TEST TIME (IN MULTIPLES OF LOWER TEST MTBF, 8,$’

Chargeable Standardized test time. t z
failures Reject line

4

5

6

N/A

NA

N/A

N/A
!,!5

2.536
3,922

I 7 I 5.308

I 8 I 6.69
L I

Bound& line

4.39

5.78
7.166

8.55

9.938
I 1.324

12.71

14.096
15.48

Chargeable

failures

9
10
11
12
13
14
15
16

#
0

/
0

0
MUUOAW

Uc

Standardized test time, t ~ I
Reject]me

8.08
9,47

10.85
12,24
13.63
15.01
16.39
17,78

Boundary Ime I

16,86
18.25
19.64
~ I.03

22.40
~3.79
~518
26.57

Awepl-rqectcrmna
- lotal WI time ISthe summation of operating time rrfall uni~sincluded in test \amplc
‘ To Awmlne the UCIUOItest twnc, mult@y the standardizedtest time (t) by the lo~cr lCS[MTt3F (01)
(SCC4113.1)
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aEJKT

AC-

2 4 $ 8

TOTAL TEST TIME (IN MULTIPLES OF LOWER TEST MTBF e,+’

Chargeable Standardized test time, t 1

failures Reject line

o
1

2
3
4
5
6
7
8

WA
WA
WA
I.39
2.77
4.16
5.54
6.93
8.32

Boundtuy line

2.77
4.16
5.55
6.93
8.32
9.70

I 1.09
12.48
13.86

Accept-reject criteria

0°
00

●

BcNJn&RY

u

* TOdetemnme the actual test time, multiply the standardizedtesttime [t) by the lower tesl hlTBF (f), )
(%X483;)

FIGURE40. ~i}c~t Pk 1
. .. \’-D.
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mmcr

T@=144*- 3.296

TOTAL TEST TIME (IN MULTIPLES OF LOWER TEST MTBF e,+’

Chargeable Standardized test time, t w

failures Reject line I Boundmy line

o
I

2

3
4

5
6
7

NIA
N/A

o
1.65
3.30
4.94
6.59

8.24

3.30
4.94
6.59
8.24
9,87

11.54
13.18
14.83

Accept-reject criteria

I (Nai (esI Iime I\ the summaflon ot operating time of all units Included In test sample

4 To determine the actual test time, multiply the standardized test time (t) by the lower test MTBF (01),
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3

2

?

o

OhcrlabblathnROtiO(d) 34:1

I REKcr

/

7
/

,0

/

l—

IKw&nv

/

1 2 3 s 7

IOTAL TEST TIME (IH MULTIPLES OF LOWER ~T MTSF, #1)~

TOTAL TEST TIME (IN MULTIPLES OF LOWER TEST MTBF, e,+’

Chargeable Standardized test time, t d
failures Reject ]me Boundary Ime

o lWA 2.08

1 WA 3.73

2 I .22 5.38

3 2,87 7.o~

Accept-reject criteria

~’Total test time is the summation of operating time of all units included in test sample.
: ‘TLIJc[crn]inc I}~c t,JLtu~i tcs[ LIIIIC. n]ultipiy lhe windardlztd test [Ime (t) by the lower test M I BF (ti: I

(See 4.8.3 .3.)
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6

5

4

3

2

1

0

0—---

v.ml~lw.

EJECT

z 4 6 8 10

ToTMTE$TTmE(tu mmnPLEsoFLm TEsTmu?, U,pt

TOTAL TEST TIME (IN MULTIPLES OF LOWER TEST MTBF, e,#

Chargeable Standardized test time, t Y
failures Reject line Boundary line

o NiA 2.54
I NiA 376

N/A 4.97

: 1.106 6.19

4 2.32 7,40

5 3.54 8.62

6 4.75 9.84

. .
Accept-reject criteria

* “1’otal test tlmc is the summation of operating time of all units in~iudcd In tCSI WnPIC

: ‘1o determine the actual test time, multiply the standardized test time (t) h} the Icnver test MT13F ((3,)
(six.l!ll.3)
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TOTAL TESTTWE (WIJMULTIPLES OF LOWER TEST MTBF,81)Y

TOTAL TEST TIME (IN MULTIPLES OF LOWER TEST MTBF, fll~

Chargeable
failures

o

1

2
3

Standardized test time, t 2 I
Reject Ime

IWA

tWA

1.077
2.46

1.70

3.08
4.47
5.85

Accept-reject criteria

!’T(~tal~est time is the summation of operating time of all units tncluded in tesi sample
: lo determme the actual test ttme, multlply the standardized test time (t) by the lower test MTBF (01)

BOIJNOARV
WE, 0

0
0

0
0

(%24.8 .3.3.)
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NOTES:

1. Rate of chamber temperature change shall be a minimum of 5°C per minute, unless otherwise
specified or approved by the procuring activity.
2. Moisture level to be sufficient to cause visible condensation, frosting and freezing
3. Hot soad and cold soak are optional
4, Vibration, electrical stms, duty cycle OFF

FIG(’RE 47, ~
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*MIL-HDBK-781

TIM (mums)

Mission Type

Low-Low- LOW

Ftq

Chamcteristics
1 11

ATTACK AIRCRAFT

Altitude (1000 R) ().1 7

Mach No. (M) 0.6 0-4
Duration (mm.) 2 60

Altitude (1000 ft) (-).32

Mach No. (M) 0.6
Duration (mm.) 10

ANTI-SUBMARINE WARFARE AIRCRAFT

Altitude ( 1000 ft) 0-40 40
Seek & Attack Mach No. (M) 0.6 0.6

Duration (mm,) 15 60

Altitude ( 1000 R) o-
Surface sumeillance Mach No. (MJ 0.6

Duration (mm,) 5

Altitude (1000 ft) O-38
Ferry Mach No, (M) 0.6

Duration (mm. ) 14

ELECTRONIC COUNTERMEASURES AIRCW4FT

Altitude ( 1000 R) 0-35
f:tm Nlach NO {M) [) 6

Durution (mm ) 13

F_IGURE 57.
. .

le ~ for sI~
. .

ral “.
. .

Phase
1!1 Iv

9 2
0.68 0.4

8 67

32
0.69
285

40 40
0.65 0.6
265 55

11
0.25
448

38
0.6
565

v

2-0
0.4
3

32-O
0.4
10

40-0
0.4
20

1“o
04
7

38-O
0.4
21

35-0
f)4
~o

aft tvpes d twelv~

I =——- =T. I XZ. =1-A, l.- 1 --=,-- 1- -.. r- Imn=l ..na~l nl I m
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Mission Type Characteristics Phase
Ill

1
0.7
5

35
0.7
23I

I
0.69

10

38
0.74
244

5
0.44
60

15
0 q~

58

Iv vI 1[

FIGHTER AIRCIUFT

Altitude (1000 ft) o-1 I
Mach No. (M) 0.7 0.s
Duration (mm.) 2 68

Altitude ( IO(IOR) o-35
Mach No. (M) 0.7
Duration (mm.) 12

RECONNAISSANCE AIRCRAFT

1
0.5
72

I -0
0.s
3

Low-Low- LOW

35-o
0.s
17

Ferry

Altitude ( 1000 R)
Mach No, (M)
Duration (mm.)

o- I
0.7
2

I
0.49
63

5
0.44
40

15
058
24

1
0,49
67

I -o
0.5
3

Low- LOW- LOW

Altitude (1000 ft)
Mach No. (M)
Duration (mm. )

O-38
0.7
13

38-O
0.5
18

Feny

TANKER AIRCFbWT

Altitude (1000 R)
Mach No. (M)
Duration (mm. )

o-5
0.6
4

5
0.44
37

5-0
0.4
6

Low-Low- Low
refueling

A!titude ( 1000 R)
Mach No (M)
Duration (mm.)

0-15
06
0.7

15
0.58

19

Is-o
(-)4
II

Strike refuel

FIGURE 57. es *elVg

~. (C’cwttinued)
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I

1.

Mission Type

Close
support

High-Low-High

Investigation
and Attack

Contact
Investigation
and Intermediate

Mine
I.aying

Characteristics

Altitude (IOOOR)
Mach No. (M)
Duration (min. )

Altitudc(1000ft)
Mach No. (M)
Duration (min. )

Altitude(1000ft)
Mach No. (M)
Duration (min.)

Altitude ( 1000 R)
Mach No. (M)
Duration (min. )

Altitudc(1000ft)
Mach No. (M)
Duration (min. )

I 11 111 Iv

ATTACK AIRCRAFT

O-32 32 32-5 5
0.607 0.68 0.40 0.73

5 62 7 61

0-32 32 32-1 I
0.60 0.68 0.85 0.84

s 55 4 5

Mw

p

VW

Phase
v’

5
0.837

7

NIA
N/A
N/A

ANTI-SUBMARINE AIRCRAFT

O-38 38 38-0.5 0.5 WA

0.6 0.6 0.4 0.25 WA
6 155 9 I 20 WA

0-20 20 20- I I NIA
0.6 0.7 0.4 0.4 NIA
4 86 6 211 NJA

O-36 36 36-1 1 NI,4
0.6 0.6 0.4 06 N JA

6 140 9 ~o NfA

VI

NIA
NIA
NIA

NIA
NIA
NIA

NIA

NIA
NIA

N/A
NIA
N/A

34>’[1
NIA
N/A

VII

5-40
0.70

4

I-40
0.70

5

0.5-40
0.7
5

I -40
0.7
5

1-40
07
5

VIII

40
0.68
63

40
0.68
51

40

0.6
I40

40
0.6
108

40
07
1~7

lx

40-0
0.40

!7

40-0
0.40
18

40-0
0.4
10

40-0
0.4
10

40-0
04
8

—
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Mission Type Characteristics Phase
I 11 111 Iv v VI

ELECTRONIC COUNTERMEASURES AIRCWFT

Penetration

Standoff

Escort

High-Low
Low-High

close
support

High-Low
High

I{igh-Low-
High refuel

Altitudc( 1000ft)
!vlach No. (M)
Duration (mm.)

Altitudc(1000ft)
Mach No. (M)
Duration(min.)

Altitude (1000ft)
Mach No. (M)
DurakJ(aain.)

Altitude (1000ft)
Mach No. (M)
Duration(min.)

Altitude ( 1000ft)
Mach No. (M)
Duration(rnin.)

Altitude(1000ft)
Mach No. (M)
Duration(min.)

Altitude (1OOO!I)
Mach No. (M)
Duration (mm. )

o-34
0.6
10

0-33
0.60

10

0-35
0.7
8

0-30
0.7
7

0-30
0.7
7

34 34-1 I
0.57 0.85 0.50
32 5 29

33 33-30 30
0.70 0,60 0.67
42 1 49

FIGHTERAIRCRAFT

35 35-1o 10
0.7 0.9 I .0
87 3 7

30 30- i I
0,7 0.85 0.8
57 5 II

30 3-5 5
0.7 0.85 0.42
69 3 59

1
0.80

5

NJA
NIA
N/A

NiA
NIA
NiA

I
0.85

7

NIA
NIA
N/A

RECONNAISSANCE AIRCRAFT

o-33 33 33-1 I NIA
0.7 0.75 0.89 0.7 NIA
8 75 3 17 lWA

TANKER AIRCRAFT

o-35 35 35-5 5 IWA
0.6 0.7 0.4 065 NfA
12 40 9 61 WA

1
0.50
29

N/A
NIA
NIA

N/A
NJA
hiiA

I
0.85

9

NIA
NIA
~1,~

NIA
FUA
N/A

NIA
NIA
N/A

VII

1-36
0.70

8

30-35
0.70

I

I 0-40
0.8
7

I -42
0.85

6

5-40
0.85

4

I -40
0.9
9

5-40
0.7
7

VIII

36
0.58
29

35
0.70
41

40
0.7
75

42
0.7
66

40
0.7
74

40
0.75
86

40
0.72

39

lx

36-o
0.40
12

35-o
0.40
16

40-0
0.5
17

42-O
0.5
19

40-0
0.5
17

40-0
0.5
17

40-0
0.4
18
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Mission Type Characteristics Phase
1 11 111 Iv v VII

ATTACK AIRCMFT’

Altitude (1000 ft) O-28 28 N/A NIA
High-High-High Mach No. (M) 0.6 0.75 TWA WA

Duration (mm, ) 8 60 NIA NtA

28-43
0.7
4

43
0.8
56

43-o
0,4
28

ANTI-SUBMARiNE WARFARE AIRCRAFJ

Altitude (1000 R) O-38 38 NIA WA
High-High-High Mach ?do. (M) 0.6 0.6 N/A N/A

Duration (mm.) 15 I 05 WA NIA

38-40
0.7
6

40
0.6
104

40-0
0.4
15

FIGHTER AIRCRAFT

Altitude (1000 R)
High-High-High Mach No, (M)

Duration (mm.)

o-35 35 35 NfA
0.7 0.7 0.9 TWA
7 46 5 NIA

35-40
0.8
I

40
0.7
43

40-0
0.5
13

Akmdc ( 1000 R)
Air Dcfensd Mach No. (M)
Capture Duration (mm.)

0-35 35 35 35
0.7 0.7 0.67 1.35
7 16 60 4

35-40
0.8
I

40
0.7
19

40-0
0.5
12

Altitude(1000 ft)
Low-Low-High Mach No.(M)

Duration (mm.)

o-2 ~ 9 N~e~

0.7 0.5 0-9 N/A
1 69 3 N/A

2-35 35
0.7
57

35-o
0.5
Is5

FIGURE 59.
,. . .

~kLblrmHMM&S~
MWQIIS

300
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Mission Type Characteristics

MIL-HDBK-781

Phase
1 11 111 IV V VI VII

RECO?WAISANCE AIRCRAFT

Altitude (1000 R) o-2 2 2 NiA 2-40 40 40-0
Low-Low-High Mach No. (M) 0.7 0.75 0.9 N/A 0.9 0.75 0.5

Duration (mm.) 1 52 10 WA 7 60 13

Altitude (1000 ft) o-35 35 35 WA 35-40 40 40-0
High-subsonic Mach No. (M) 0.7 0.85 0.9 NA 0.85 0.5

Duration (mm.) 7 58 16 WA 2 64 13
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~

W- num r - 0.7S
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so

to

o

50

10

0

0.60M

1‘W O.SIM 0.66M

0.66M

M6M

1 1 I 1 1 1 1 J
40 m 120 160 200 240 2s0

TIME (MIMES)

FIGURE 105. me A V/STO~ w“””

0.66M
0.60M

\ 0.66M

O.WM

1 1 1 1 1 1 i 1

30 60 90 120 1s0 m 210 240 2m ~

TIME (MINUTES)

FIGURE 106. ~ A V,’ST~e war~
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0.66M

t 1 1 1 1 1 1 1 1 1 1 1 1 1 1 J I 1 1 1 #
15

1 I f
30 u 60

J
7s ,a too IN

TIME (MWJI’ES) !

FIGURE 107. Qpg A V/STOL CO~
. . . ,.

OA7M 0.47M

OM(HOWRj

n Om am
4 \; , x 1

10 20
L 1

so 40 50 00 70 80

nm (wwrEs)

FIGURE 108. MC A V,’STO~
. . .. .. ,.
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FIGURE 109. Me A V/ST~ . .

MM r
O.S,M

M 9M

O~lM

I 1 1 1
0

1 1
30 60

!
w 120 159 lm 216—.-

1

FIGl~RE 110. Qpe a \’,/sT~L ~ . .

347

I



MIL-HDBK-781

40 -

O-MU
b

t

t

Do -

e .

!! oMM

- am

? - “
$

10

m

o 1 1 I 1 I I I 1
0 40 90 120 940

1
160 200 m 320

TiME (Mmn’ES)

FIGURE 111. & A V/STOL V~
. . . .

O.ou 0.7M

1.4M

0.7W

1.07M

Am 9.4M

TwE (MMults)

1 19

348

I —r I



,MXL-HDBK-781

1AM

o 5

FIGURE
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0 40 00 Iao 1s0 200 240 2$0
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MIL-HDBK-78i

LINEEOUATIO?JIS:

IEx?l ) (FACTa) IWM (OVL) ~ (10 {WTOR)l-- SEE TABLE 48

[E-” x ILOGlo(@, - (2.2@S3U~ Q(U) A q S q (MAX)

NOTE : THIS WURE USED IN CONJUNCTION WITH TABLE 48,
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I AIR-TO-AIR
1).- .-. . I

— — -.

. I x

.-

I I I 1~11 I ~x!’!-.!

-

SLOPE
of CURVES
6 All/ (!XWAVF

LIMEEOUATIONS:

MOTE : THIS FIOURE USED IN CONJUNCTION WITH TABLE 49.
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(o) WING AND FIN-TIP _NSQNLY ON A=

[~1

\ 1=1

W. m(1.6$) iii(@C TAUE 49)

Wo

1. I
Iv- -M KU OCTAVS

I
A, 1

fz= W rigid body wing-
fy&=@ml=$?tw8~,Moncy

f~(mIn) ● 20&Hz, f~
(mat) - 9W t4z

gtnw(OVN “ IL 4 D1~ (cm~~

iml

(SEE FIGURES 132 THROUGH 134)

w,
I Aa I
I I

4 1 I
I I
I I

)

[

UOTE”
iJiE FOR ALl DVMAMiCMESSiJRES(q)AT AU LWTWW, EXCEPTAS L#MW’SDBV (s) ABOVE.
WMMUM ~t (O?M) = 1.S (SW TAM U) I
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(SEE FIGURES 132 THROUGH 134)

A,

t, f* t,

mwcv m

Mm’s;
Usa h cm@nct&n dth the Bolts shown in ftGURE 13S (a). Rwq *q (mIn) (m TABLE U) andMach
SO.4S,rninhum km (Ovu =103

I ,- L — I ,, -r I
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Ill
N

grin, (am - E 4

iml

ff=slfz

f~ = Fiti r@d body wi
?-

pylo*StOra fr@qWnCy (Hz)
Othorwlso, $1sf~ s $

fq f~ f#
FUEQUEUCY (Hz)

~ost durtikm _ qn $8conds (minimum ~
tirnc forooch mission pdh = W mds
whom:

)(0 Nm* of bufht rnmmmm minimum of 3.

Z%$’:!hxmmdsi%z
: “%dhm&C#mtW.s4

S!xsgu%uu
68 Avmge hduad buffet k seconds.
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(tflOtl-LOW-MIOtl)

STANOARD DAV
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W#m 8 wk8dovLP Vlbmthl factcu
(No weight redwtion factor) ●

o qs250 M@ ,ahchsms

L 2s.3 x 10=4 Wing ●ad fin tip htstalltions
-~‘“1 I

5 100

“ dWOCTAVE

REFEUE~: TMLE 49.

only

FREQUENCY (Hz)

5 ASSEMBLED STORE HIGHSPEED
W~~ •=~gmg(OVL~ vhratlon factor

- ~AVE

w.-

8ot92xlM WE:
a,- Foruaaonall ing8@-ti

i 1 qooxc@ptforqs250 IMW.* s
I I 0.4S, as l~mkod by FIGURE 13S (8).

IgnRs(oW•1.0 I
I I
I I

b
20 150 SO0600

Frequoncie% should be determined by M@Iod 514.3 of MJLoSTD -810, as applicable.
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C. ON-BOARD EQUI?MENT HIGH S?EEO

’99 FwuaE13s (A) forwing andfh dp M8htbm WI ~$~ •w~(~ (ovL)p Vbratbn factor
othorwho, usc ti ●ll dyrwmlc pr4s9ums, q. W~s~ =~t (~ (OVL)P dbmtlon factor

s
(No Wdght I’oductbl factor) For: qz2S0 IMW., Mach●0.45
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O020C

O030C
O040C
0050
z3(20),
0060
0070
O080C
O090C
01Ooc
0110
0120 5000
0130
0140
0150 5010
0330C
0340
0350
0360 5050
0370
0380 5060
0390
0400
0410 5070
0420
0425c
0430
0440
0445 5040
0450
0460 10
0470C
0480c
0490C
0500C
0510C
0520c

0530
0540
0550

Approximately optimum Reliability bounds

read m3, v3, m2, v2, ml, v], s(20), c(20), tm, z(20), 22(20),

& z4(20), tk, sum 1, sum 2, sum 3, sum 4, sum 5, r
integer k, ~20), n,1

Input # systems, time on test, # failures

print 5000
format (2x, “Give number of subsystems.”)

read (5,6060)k
print 5010

format (2x, “Enter data starting by subsystem with smallest total
time on test.”)
dol Oi=l,k
print 5050,i

format (2x, “Enter data for subsystem’’,i4)
print 5060

format (2x, “Enter this subsystem’s total time on test.”)
read (5,6060) z(i)
print 5070

format (2x, “Enter this subsystem’s number of failures.”)
read (5,6060) nf(i)

if(nfli) .gt. O)go to 10
print 5040

format (2x, “Zero failures: analysis impossible.”)
go to 105

continue

Second part:
Calculation of M and V

Preliminaries:

Do 20 i= 1,k
zl(i) = 1.O/z(i)

z2(i) = 1.O/(z(i)*z(i))
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0560
0570
0580 20
0590C
0600cc
O61OCC
0620 5080
0630cc30
0640c
0650c
0660C
0670
0680
0690
0700
O71OC
0720
0730
0740
0750

z3(i)= 1.O/(z(i)**3)
z4(i)= 1.O/z(i)**4

continue

Do 30 i-l,k
print 5080,z(i),zl (i), z2(i),z3(i), z4(i)

format (2x, f 12.3, 2x4 (f 12.9,2x))
continue

More than one failure/subsystem

Suml = 0.0

sum2 = 0.0
surn3 = 0.0
surn4 = 0.0

Do 40i = 1,k
n = nf(i)- 1
S~ 1 = wn 1 +(n*zl(i))
sum 2 = n*z2(i) + sum2
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0760
0770
0790 40
0795CC
0800 5090
0860C
0870c
0880C
0890
0900
O91OCC
0920 6000
0930C
0940C
0950C
0960
0970
0972cc

0974 6005
0980c
0990C

1Oooc
1010
1020
1030
1040 50
1050
1060
1070
1080
1090
1100 60
1110
1120
1125cc

sum3=n*z3(i)+ sum3
sum4 = n*z4(i) + sum4

continue
print 5090,suml, sum2, sum3, sum4

format(4 (f10.6,2x))

Original paper (1972)

ml =suml + sum3/surn2
vi = sum2 + sum41sum2
print 6000,ml,vl

format (2x,”MI = “,f10.7,3x,”VI = ,f10.7)

Modified version (1974)

m2=suml+zl (l)
v2=sum2+z2 (l)
print 6005, ti, V2

format (2x, “M2 = “,f10.7, 3x, “V2 =“,f10.7)

The Case of Only One Failure:

Tk = 0.0
Do50i=l,k
k = tk + nf(i)

continue
tk = Wfloat (k)
do 60i = 1,k
n = n~i)+ 1
s(i) = (z(i)-z( 1))/(tk* *n)
s(i)=z(i)-s(i)

continue
do 701= 1,k
c(i) = nf(l )-1 + ((z(i)/(k*s(i))) **2)
print 60 I“,i, s(i), i, c(i)

FIG(JRE 153, ~.
. . .
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1130 70
1140 6010
1150C
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1290 80
1295cc
1300 6020
131OC
1320
1330
1332CC
1334 6025
1340C
1350C

continue
format (2x, “s(’’,i3,”)= “,f10.5,2x,”c (“,i3,” = “, f10.5)

Suml =0.0
sum2 = 0.0
sum3 = 0.0
sum4 = 0.0
sums = 0.0
do 80i = 1,k
n = nf(i)-1
suml =rh(i)+suml
sum2 = n/(s(i)*s(i)) + sum2
sum3 = sum3r(c(i)/(s(i) *z(i)*i(i)))
sum4 = sum4 + (c(i)/((s(i)**2 )*(z(i)* *2)))
sum5 = sum5 + (c(i)/(z(i)**2))

continue
print 6020, suml ,sum2, sum3, sum4, sums

format (2x,5(f10.7,3x))

m3 = sund +sum3/sum5
V3= sum2 + sum41sum5
print 6025,m3,v3

format (2x,-M3 -, f10.3,2x,--V3 =-, flo,7)

Calculation of bounds

FIGURE 153. ~ F(XKIMN PKSUWDI.IL
. . .

- Continued.
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1360c
1370 500
1375
1380
1390 6030
1400
1410
1420 6035
1430
1432
1434
1435
1436 6032
1437
1438 6036
1439
1436 6037
1440C
1445C
1450C
1460
1465
1470
1475
1480c
1485c
1490C
1495
1500 6040
1510
1520 6050
1510
1520 6050
1530
1532
1540
1545
1550

continue
print 6037
print 6030

format (2x,’’Enter confidence level percentile.”)
read (5,6060)p
pring 6035

format (2x, “Enter mission time.”)
read (5,6060)tm
print6037
print 6037
print 6032, tm

format (2x,’’Mission Time:’’,fl 0.5)
print6036,p

format (6xJ’percentile:’’,fl 0.5)
print6036,p

format (3x)
callresult(ml,v l,tmp,r)
print6000,ml,vl
print6040,r
call result (m2,v2, tm,p,r)
print 6005, m2,v2
print 6040,r
print 6037
calI result (m3,v3,tm, p,r)
print 6025,m3,v3
print 6040,r
print 6037

format (2x,’’Reliabi1ity Bound is:’’,flO.6)
print 6050

format (2x, “Reliability Bound is:’’,fl 0.6)
print 6050

format (2x, “If another confidence level or mission time, give 1.“)
read (5,6060)1
print 6037

if(l.eq.1) go to 500
format (v)
continue



1560
1570
1590C
1590
1600
161OC
1620
1630
1640
1650
1655
1660
1670

MIL-HDBK-781

stop
end

subroutine result (m,v,tm,p,r)
real m, v, tm, p, r

r = p*(sqrt(v))/(3. O*m)
r = 1.O-(v/(9.O*m*m)) + r
r=r**3
r = ~*m*r

r = exp(r)
return
end
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