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editign\1.0. Furthermore, comments from IEC TC 56 experts are provided to expla

INTERNATIONAL ELECTROTECHNICAL COMMISSION

METHODS FOR PRODUCT ACCELERATED TESTING

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international

Puljlicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publicatien(s)”)
preparation is entrusted to technical committees; any IEC National Committee interested in the subject de
may participate in this preparatory work. International, governmental and non-governmental organizations
withh the IEC also participate in this preparation. IEC collaborates closely with the International~Organiza
Stapdardization (ISO) in accordance with conditions determined by agreement between the two organiza

Thqg formal decisions or agreements of IEC on technical matters express, as nearly as possible, an intern
conjsensus of opinion on the relevant subjects since each technical committee, has”representation f
intgrested IEC National Committees.

IEQ Publications have the form of recommendations for international use and)are accepted by IEC N
Committees in that sense. While all reasonable efforts are made to ensurejthat the technical content
PuRhlications is accurate, IEC cannot be held responsible for the way/in which they are used or
misjnterpretation by any end user.

In ¢rder to promote international uniformity, IEC National Committees undertake to apply IEC Publi
trarjsparently to the maximum extent possible in their national and.regional publications. Any divergence b
any] IEC Publication and the corresponding national or regionahkpublication shall be clearly indicated in thg

IEQ itself does not provide any attestation of conformityslndependent certification bodies provide con
asspssment services and, in some areas, access to |IEC ‘marks of conformity. IEC is not responsible
seryices carried out by independent certification bodies,

All bsers should ensure that they have the latest edition of this publication.

No [liability shall attach to IEC or its directors, €employees, servants or agents including individual expe
members of its technical committees and IEC \National Committees for any personal injury, property dan
other damage of any nature whatsoever, “whether direct or indirect, or for costs (including legal feq
expenses arising out of the publicatien,)use of, or reliance upon, this IEC Publication or any oth
Puljlications.

Attention is drawn to the Normativereferences cited in this publication. Use of the referenced publica
indispensable for the correct appli¢ation of this publication.

IEQ draws attention to thetpossibility that the implementation of this document may involve the ussg
patent(s). IEC takes no pasition concerning the evidence, validity or applicability of any claimed patent r|
respect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s
may be required to implement this document. However, implementers are cautioned that this may not re
the|latest informatioh,*which may be obtained from the patent database available at https://patents.iec.
shd|ll not be held xesponsible for identifying any or all such patent rights.
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green text, deletions are in strikethrough red text. Experts' comments are identified by a
blue-background number. Mouse over a number to display a pop-up note with the
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IEC 62506 has been prepared by IEC technical committee 56: Dependability. It is an
International Standard.

This second edition cancels and replaces the first edition published in 2013. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) references have been updated;

b) symbols have been revised;

c) erforsin 5.7.2.3 and Annex B, mainly, have been corrected;
d) cTcuIation errors in the examples of Annex B and Annex F have been corrected,

The tgxt of this International Standard is based on the following documents:
Draft Report on voting
56/2000/FDIS 56/2016/RVD

Full information on the voting for its approval can be found in the-report on voting indicated in
the above table.

The language used for the development of this International Standard is English.

This document was drafted in accordance with |SQ/IEC Directives, Part 2, and developed in
accorflance with ISO/IEC Directives, Part 1 and |SO/IEC Directives, IEC Supplement, avgilable
at www.iec.ch/members_experts/refdocs. Thesmain document types developed by IEC are
descr|bed in greater detail at www.iec.ch/publications.

The cpmmittee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC<website under webstore.iec.ch in the data related {o the
specific document. At this date, the-document will be
e refonfirmed,
e withdrawn, or

e repised.

IMPORTANT — The "colour inside" logo on the cover page of this document indidates
it contains colours which are considered to be useful for the correct understanding
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INTRODUCTION

Many reliability or failure investigation test methods have been developed and most of them are
currently in use. These methods are used to either determine product reliability or to identify
potential product failure modes, and have been considered effective as demonstrations of

reliability:
e fixed duration,
e sequential probability ratio,

o reliability growth tests,

o te

Such
has td
produ
are sk
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There
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e th
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poten
is as
estim
use o

Accel

software. Different types.of reliability testing, such as fixed duration, sequential test-to-f
success

candi
used
plan

dtandards such as IEC 61123, IEC 61124, IEC 61649 and IEC 61710.

sts to failure, etc.

ests, although very useful, are usually lengthy, especially when the product reliabili
be demonstrated is high. The reduction in time-to-market periods as wellras comp
ct cost, increase the need for efficient and effective accelerated testing. |Here, the

ation of repetitive stresses, thus facilitating a quicker assessment.and growth of p
lity through failure mode discovery and mitigation.

are two distinctly different approaches to reliability activities;

b first approach verifies, through analysis and testing,“that there are no potential {
pdes in the product that are likely to be activated. during the expected life time
bduct under the expected operating conditions apd\usage profile;

b second approach estimates how many failures‘can be expected after a given time
b expected operating conditions and usage profile.

brated testing is a method appropriate forboth cases, but used quite differently. Th

lial faults that eventually-might cansresult in product field failures. The second app
sociated with quantitative accelerated testing where the product reliability m
hted based on the results of ac€elerated simulation testing that can be related back
the environment and usagelprofile.

brated testing can be applied to multiple levels of items containing hardware—4d

s test, reliabilityydemonstration, or reliability growth/ or improvement tests c
jates for accelerated methods. This document provides guidance on selected, com
hcceleratedutest types. This document should be used in conjunction with statistic

eIative merits of various methods and their individual or combined applicabi

y that
ptitive
tests

ortened through the application of increased stress levels or by incréasing the spg¢ed of

oduct

ailure
bf the

under

e first

ach is associated with qualitative accelerated testing, where the goal is identificafion of

roach
hy be
to the

r and
nilure,
hn be
monly
| test

ity in
uding

thation

of methods. For each method, conS|derat|on should also be given to the test time results
produced, credibility of the results, data required to perform meaningful analysis, life cycle cost
impact, complexity of analysis and other identified factors.

In this document the term "item" is used as defined in IEC 60050-192 covering physical products

as we

Il as software. Services and people are however not covered by this document.
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METHODS FOR PRODUCT ACCELERATED TESTING

cope

This document provides guidance on the application of various accelerated test techniques for
measurement or improvement of-preduct item reliability. Identification of potential failure modes
that—eould can be experienced in the use of-a—preduetf an item and their mitigation is

instrumental to ensure dnpnndnhili‘ry of an item

The opject of the methods is to either identify potential design weakness or provide-information

on item—dependability reliability, or to achieve necessary reliability/ and--avail

ability

improvement, all within a compressed or accelerated period of time. This document addresses

accel

sequgntial tests, fixed duration tests and reliability improvement/growthtests, wher

meas

This document also extends to present accelerated testing or production screening mg
that would identify weakness introduced into the-predust itera’ by manufacturing error,

could

not cqvered by this document.

2 N

The fgllowing documents are referred to in the text in such a way that some or all of their ¢
constitutes requirements of this document. For dated references, only the edition cited af
For yndated references, the latest edition of the referenced document (including

amen

IEC 6

availgble at http://www.electropédia.org

rated testing of non-repairable and repairable systems. It can be used-foen probabilit

ire of reliability-may can differ from the standard probability of failure occurrence.

can compromise-product-dependability item reliability.cServices and people are ho

[ormative references

dments) applies.

D050-192 — International Electrotechnical Vocabulary (IEV) — Part 192: Dependd

y ratio
e the

thods
which
wever

bntent
plies.
) any

bility,

IEC 6

itions_and statistical test principles

D300-325;" Dependability management — Part 3-5: Application guide — Reliabilit

0605-2, Equipment reliability testing — Part 2: Design of test cycles

0721 (all parts), Classification of environmental conditions

IEC 61014:2003_P ; o !

IEC 6

1123:2019, Reliability testing — Compliance test plans for success ratio

IEC 61124:201422023, Reliability testing — Compliance tests for constant failure rate and
constant failure intensity

\EC 641632 Reliabili , Dart 2: £ .
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IEC 61649:2008, Weibull analysis

IEC 61709, Electronie Electric components — Reliability — Reference conditions for failure rates
and stress models for conversion

IEC 61710, Power law model — Goodness-of-fit tests and estimation methods

IEC 6R429, Reliability growth — Stress testing for early failures in unique complex systenjys

3 Terms, definitions, symbols and abbreviated terms

3.1 Terms and definitions

For the purposes of this document, the terms and definitions“given in+EC-60050-191:
I[EC 6p050-192 and the following, apply.

ISO apd IEC maintain terminology databases for <us& in standardization at the following
addrepses:

e |ELC Electropedia: available at https://www.&lectropedia.org/

e ISP Online browsing platform: available\at https://www.iso.org/obp

NOTE | Symbols for reliability, availability~\and maintainability—and—safety measures follow thgse of
1EC-50P60-194:14990 |IEC 60050-192, where available.

3.11
activation energy
Ea
empirjcal factor for estimiating the acceleration caused by a change in absolute temperatjre

Note 1 [to entry: Activation energy is usually measured in electron volts per degree Kelvin.

3.1.2
detection screen
low stress level exposure to detect intermittent faults

3.1.3
event compression
increasing stress repetition frequency to be at considerably higher levels than it is in the field

3.1.4

highly accelerated limit test

HALT

test or sequence of tests intended to identify the most likely failure modes of the product in a
defined stress environment

Note 1 to entry: HALT is sometimes spelt out as the highly accelerated life test (as it was originally named in error).
However, as a non-measurable accelerated test, it does not provide information on life duration, but on the magnitude
of stress which represents the limit of the design.
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3.1.5

highly accelerated stress audit

HASA

process monitoring tool where a sample from a production lot is tested to detect potential
weaknesses in a product caused by manufacturing

3.1.6

highly accelerated stress screening

HASS

screening intended to identify latent defects in a product caused by manufacturing process or
control errors

3.1.7
item
subje¢t being considered

Note 1|to entry: The item may be an individual part, component, device, functional unit, equipment, subsystem, or
system

Note 2 fto entry: The item may consist of hardware, software, people or any combination thereof.

Note 3o entry: The item is often comprised of elements that may each be individually considered. See "sufy-item";
definitipn191-41-02 (IEV 192-01-02) and "indenture level"—defirition194+-44£06(IEV 192-01-05).

Note 4 [to entry: |EC 60050-191:1990 (now withdrawn; replaced by IEC 60850-192:2015) identified the term ['entity"
as an Hnglish synonym, which is not true for all applications.

Note 5[to entry: The definition for "item"-given-in-thefirsteditieg INMEC 60050-191:1990 (now withdrawn; rgplaced
by IEC[60050-192:2015) is a description rather than a definitions This new definition provides meaningful subgtitution
throughout this document. The words of the former definition ferm the new Note 1 to entry.

Note 6 |to entry: In this document people and services aré/excluded.

[SOURCE:—EC-606050-191+— —definitions494+-41-04—f4H IEC 60050-192:2015, 192-01-01,
modifled — Note 6 to entry has been addé&d.]

3.1.8
life time
<of a hon-repairable item> time interval from first use until user requirements are no longe¢r met

Note 1Jto entry: The end ofhfe'time is usually called failure of the component.

Note 2 |to entry: The end-ef life is often defined as the time where a specified percentage of the componen{s have
failed, for example stated as a B, or L,, value for 10 % accumulated failures.

3.1.9
precipitation screen
screeping, profile to precipitate, through failure, conversion of latent faults into—permanent
reveateafauHs

3.1.10
step-stress

step-stress test
test in which the applied stress is increased, after each specified interval, until failure occurs or
a predetermined stress level is reached

Note 1 to entry: The ‘interval’ could be specified in terms of number of stress applications, durations, or test
sequences.

Note 2 to entry: The test should not alter the basic failure modes, failure mechanisms, or their relative prevalence.

[SOURCE:HEC-60050-1914-—-definition194-49-10 [EC 60050-192:2015,192-09-10]
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3.1.11

test acceleration factor

ratio of the stress response rate of the test specimen under the accelerated conditions, to the

stress

response rate under specified operational conditions

Note 1

Note 2
rate of

[SOU

3.1.14
time ¢
remo

purpo

to entry: Both stress response rates refer to the same time interval in the life of the tested items)

to entry: Measures of stress response rate are, for example, operating time to failure, failure intens
ear.

RCE: IEC 60050-192:2015,192-09-09]

compression
al of exposure time at low or deemed non damaging stress levels from a test f
se of acceleration

ty, and

br the

Symbols and abbreviated terms
| | . \
accelerated degradation_test(ing)

acceleration, acceleration factor

AFtest  oOverall acceleration in a test

I e =t

CALT calibrated accelerated life testing

Bqg life tifge; the time where 10 % of the items have failed
C cenfidence

CD compact disc player in a HiFi equipment
DL destruct fimit

DSL design specification limit

FIT failure-te in time (failure per 109 hours)
HALT highly accelerated limit test

HASA highly accelerated stress audit

HASS highly accelerated stress screening test
HAST highly accelerated stress test

L load

L, life time ratio

LDL lower destruct limit

LDT lower destruct temperature
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LOL lower operating limit

LOT lower operating temperature

LRTL lower reliability test limit

MTBF mean operating time between failures
MTTF mean operating time to failure

oL operating limit

OVL operation vibration limit

Pp acceptance probability

PDF probability density functions

PWB printed wiring board

RG_ liabil

R(2) reliability as a function of time; probability of survival to the time ¢
NOTE-EGC-60050-194+1990definition191-12-01uses-the-general-symbol-pb—Time-may-be-substit{itad-by

NOTE ln—reliabiitvarowth-testina—the-same-svmbol-nermalhv
NOHEFX—HR-FeHabtty-growth—testihgthe-same-Symbol-Rormatty

edusea

RTL reliability test level
S strength
SL specification limit

SPRT] sequential probability ratio test

SPRT ol probabili .
- ‘ od of i i product d "

to time denoted time 0

L duration-of-a-predetermingd a specified time, e.qg. life
THB temperature humidity bias test

TTF time to failure

uDL upper destruct limit

ubDT upper destrict temperature

uUoL upper operating limit

uoT uppetéoperating temperature

URTL| upper reliability test limit

uuT unit under test

VDL vibration destruct Timit

A(S) failure rate as a function of a stress
A(t) failure rate as a function of time

4 General description of the accelerated test methods

4.1 Cumulative damage model

Accelerated testing of any type is based on the cumulative damage principle. The stresses of
the-product item in its life cause progressive damage that accumulates throughout the-preduet
item life. This damage-may can, or-may not, result in-apreduct’s an item’s failure in the field.
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The strategy of any type of accelerated testing is to produce, by increasing stress levels during
testing, cumulative damage equivalent to that expected in the-preduet's item’s life for the type
of expected stress. The determination of-—product item destruct limits, without reliability
estimation, provides information on whether there exists a sufficient margin between those
destruct limits and-preduet item specification limits, thus providing assurance that the-produet
item will survive its predetermined life period without failure related to that specific stress type.
This technique-may—er—may can, but not necessarily, quantify a probability of-preduet item
survival for its life, and just provides assurance that the necessary adjustments in-preduct item
strength would help eliminate such failure in-preduct item use. Where sufficient margins are
determined unrelated to the probability of survival, the type of test is qualitative. In tests where
this probability of survival is determined, the magnitude of the stress is correlated to the
probability that the-produet item would survive that stress type beyond the predetermined life,
and this test type is quantitative.

FigurI1 depicts the principle of cumulative damage in both qualitative and\quant|tative
accelerated tests.

In Figure 1, for simplicity, all stresses, operating limits, destruct limits, etc. are shown as
absollite values. The specification values for an item are usually givensin_both extremes, jupper
and Ipwer, thus the upper and lower (or low) specification limjt{)UJSL and LSL with the
corregponding design limits (DSL), UDL and LDL, the upper and léwer operating limits| UOL
and LOL, and also the reliability test limits, URTL and LRTL. The.rationale is that the opposite
(negative stresses),-may can also cause cumulative damage“probably with a different {ailure
mechg@nism, thus the relationship between the expected andyspecified limits can be illusfrated
in thg same manner as for the high or positive stress: As an example, cold tempefrature
extremnes-might can produce the same or different faildire’ modes in-apreduet an item. To|avoid
cluttef, the positive and the negative thermal or any.other stresses are not separately shgwn in
Figure 1, thus the magnitudes of stresses are either positive or negative, and thus repredented
as abgolute values only as upper or lower limits;
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Figure 1 — Probability*density functions (PDF) for
cumulative damage;j degradation, and test types

The graph in Figure 1 shows the required strength of-a—preduet an item regarding a stress for
the dyration of its life time, from beginning of life (e.g. time when the-preduct item is made), ¢,

through the end of life, 7. Thestrength and stresses in tests are also assumed to hjave a
Gaussian distribution.

The dfifferent types of accelerated tests can now be illustrated using Figure 1 as a concgeptual
mode]|.

Functjonal testing is carried out within the range of the requirement specification and pt the
level ¢f the specification. In this area no failures should occur during the test; design is valldated
to allqw operation within the upper and lower specification limits. Accelerated testing of [Types
B andq €4(4.2.3 and 4.2.4), i.e. accelerated degradation testing (ADT) or cumulative dgmage
testing can be iMusirated as the distance between the design specificationtevel imit (DSL) and
the level where the reliability demonstration test should be performed (RTL). When the
degradation reduces the performance below the requirement specifications, the—product item
can be declared as failed, if this behaviour is defined as a failure. When testing the—product
item at time ¢y no failures should be expected for stress levels up to and including the design

specification-evel limit (DSL).

The-predusct item design specification should take into consideration certain degradation during
the-preduet's item’s life which is resultant from the cumulative damage of the stresses expected
in life, thus its limit is the design specification limit (DSL) which is higher than the requirement
limit (RL) in order to provide the necessary margin. After—produet item degradation resultant
from the cumulative damage caused by expected stresses, the reliability test provides
information on the existing margin between the test level (the remaining strength) and the
requirement. This margin is a measure of reliability at the end of required period, ¢, .
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The ultimate strength of the design is considerably higher than the design specifications and
this is the level determined in the qualitative accelerated test where the goal is to identify design
weaknesses which-eeuld can compromise-product item reliability, i.e. the weaknesses that-could
can occur in the-proeduet's item'’s life span, as the-produet item degrades. Thus, the strength in
the qualitative test is demonstrated at operating limit (OL).

The destruct limit is above (beyond) the operating limit, and is denoted as DL. This is where a
permanent failure is observed. If the OL or DL are close to the DSL or the standard deviation
of the OL or DL distributions are high, then the test will indicate a potential weakness in the
design as indicated in Figure 1.

em reliabllity 1S a Tunction or time, usually predetermined life time, 7 . A

The dumulative normal distribution of the margin (difference of stress means div@,e by their
common standard deviation) between the specified strength (use condj s) which is
represented by the requirement and the reliability test level (RTL) determ —produet item
reliab|lity. The test level and its duration are chosen so as to cause cumulative damage ¢uring
testing corresponding to the degradation due to cumulative damage in ) ‘s item)’s life
span.| The calculated value produces—product the item required r lity, which is then a
quantjtative measure. (“O

A summary of listed tests and the mapping of their applicatiq\n&o the-product item life cycle is
presented in Table 1. o

Table 1 — Test types mapped to theweéa item development cycle

N\
Design Integration Validatig\‘\ Acceptance
FMECA HALT \‘Qv

~Ruliability Growth Reliability
Test Qualification Test

Type B/C :
Component

Type A : Assembly
an/or Subsystem

37
Q~ e EHC Type B/C : System

Type A: Compofien

Assembly

Table 1 provides the users of this document a synthesis in order to get a better understanding
of the different methods as and when required during the whole life cycle-preduct of the item.

4.2 Classification, methods and types of test acceleration
4.2.1 General

Based on the cumulative damage model, the information expected from the test and the-product
item use assumptions, the accelerated test methods may be divided into three groups:

o Type A: qualitative accelerated tests: for detection of failure mode andfor phenomenon;

e Type B quantitative accelerated tests: for prediction of failure distribution in normal use;

e Type C: quantitative time and event compression tests: for prediction of failure distribution
in normal use.
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4.2.2 Type A: qualitative accelerated tests

Type A accelerated tests are designed to identify potential design weaknesses and also
weaknesses caused by the manufacturing process. They can therefore be induced at levels
considerably higher than OL, as shown in Figure 1. The goal of this type of test is not to quantify
produet item reliability, but to induce or precipitate, during the test, the-product’s item’s overall
performance issues which are likely to take place in the field some time during the—product's
useful item’s life t|me and result ma#predaet an item failure. Improvement of thepreduet item

or more robust-product item, expected to be more reliable in the field even under extreme or
repetifive stresses as outlined in the design specifications.

Type |A tests may be applied also to detect other weaknesses or latent failyres not only for
reliabllity but also for other dependability attributes.

Predyet Item development processes using this type of test increase=product item religbility
through the mitigation of failure modes and by increasing—produsct |item robustness wlithout
demopstrating a reliability target or measuring reliability improvement. These tests are|often
made|with such high stress levels that, ideally, failures should,'be observed (DL in Figure 1)
well beyond design specification limits. The purpose is to identify the failure modes, the|weak
links In the design and the margin between the functional dimits, operating limit (OL) and the
destryct limit (DL), as shown in Figure 1. The margin between the specification limit and the
operafing limit ensures that the weaknesses are identified in HALT (see 5.1.1) and afe not
expedted to occur as failures during the expectedproduct item life, 7 .

NOTE | Other tests of type A are marginal tests and overstress tests.
4.2.3 Type B: quantitative accelerated tests

Type B tests use cumulative damage methods to determine-preduct item reliability projegted to
the ehd of the expected-product™item life. The necessary margin between the expgected
cumulative damage and the requirement produces a reliability measure. These tests arI then
accelgrated to achieve the required cumulative damage in considerably shorter time than the
eredjeks item’s expected life”" Type B accelerated tests use quantifiable acceleration factors
which|are based on the physics of specific failures (or failure modes) and provide a relatignship
betwegen the exposure(time to the specific stresses during testing and in use environmenit. The
failure, or failure mode distribution, is determined from information gathered through se;I:arate
accelgrated tests«.Such test information provides the basis for a functional life model and can
be used to qudntify test acceleration for various reliability calculations, as necessary and/er
applidable. Invthis way,—preduct item reliability can be estimated through estimation pf the
reliabllity orsprobability of occurrence of individual failure modes for any level of exgected
stresqes/ [f-reeded necessary for data anaIyS|s usmg other test types (e.g. rel|ab|I|ty growth or
reliabli , S S , , = . sed to
recalculate t|mes to fallure data from accelerated tests SO as to represent t|mes to failure
occurrences in the use environment, and use the results for reliability calculations. In Figure 1,

these tests are shown as reliability test levels (RTLs).

Another way of getting information from this type of test is to test to failure samples of items for
the specific failure modes and the specific environments. This permits determination of
applicable failure distributions and appropriate acceleration factors which can then be used for
calculation of the probability of occurrence of the particular failure mode. This information-may
can be useful for future tests as well as WeiBayes tests (1 parameter Weibull; see IEC 61649).
The stress level of the Type B tests can be illustrated in Figure 1 as being higher than the
requirement, but below the stress level that would be applied in HALT. The stress level can be
between the design specification limit and the stress level of DL. The duration of the stress
application shall be sufficient to cause cumulative damage with a margin over the cumulative


https://iecnorm.com/api/?name=adc4a3daa201534f213c37a823219cdd

IEC 62506:2023 CMV © IEC 2023 -17 -

damage produced by the expected life stresses during the-preduct item life.-This-margin-then
olde ¢ o bili . : R )

Test time reduction is often achieved through an increase in operational or environmental stress
beyond those specified for use. The increased level of these stresses produces a cumulative
damage effect equivalent to that expected in the-preduet item life, but in a considerably reduced
time period.

The accelerated degradation test (ADT) is a method where the degradation of an item is
measured as a function of time or stress cycles. The degradation is plotted and extrapolated
until the parameter reaches an unacceptable level (failure). This method is very useful for
failurgs that are not sudden failures, but develop gradually. The stress levels applied intHe test
may e the nominal or worst case operating limits expected in the field use or the test nmay be

accel¢rated by increasing test stresses as described in [1]7.

4.2.4 Type C: quantitative time and event compressed tests
4.2.4/1 Use of Type C tests

Type [C tests are mostly used for estimation of the life time of compaonents where wear-out in
activg use is the dominating failure mode, for example switches, keyboards, relays, conngectors
or bearings. The data from these tests are often analysed usingthe Weibull distribution, and
often jn the form of the so-called "sudden death test" (see IEC'61649).

Type [C time compression tests are also often used to_identify:

¢ system integration issues (such as software and:hardware integration or interaction);

o fallure modes that are specific to the operating state, for example operating cycles for any
mechanical and electrical cycling event;

o fajlure modes specific for environmepts 'where the range of stress is broad, but therne is a
thfeshold defined such that stress>exposures below the threshold will not confribute
significant damage to the-preductitem.

With fhe time compressions or.event compression, the stress is accelerated by the durafion or
frequéncy of its application butyhot by the increase of its level.

Each pf the above acceletated test methods is further described in Clause 5.

4.2.4Pp Time compression

Time pompression is a test acceleration that can be applied in some circumstances, whefre the
tests fake~ifito consideration only the time that-apreduct an item is actually operatiopal or
operaJing in’a state that produces significant damage (also known as removal of "non-damnaging
expodures"). The circumstances in which this type of acceleration may be applied are [those
where the operational stresses and their cumulative damage are significantly higher than those
in other operational modes, for example non-operational or standby;-ete. To apply this rationale,
the accumulated damage during the lower stress periods should be insignificant compared with
the damage accumulated during the high stress periods, which physically-may will possibly not
be easily justified (see IEC 60605-2).

4.2.4.3 Event compression

When a stress is repetitious, such as ON/OFF cycling, then the test can be accelerated by
speeding up the repetition of stress (event compression). This is especially useful in cases
where the test cannot be accelerated by increasing the stress level itself. In this manner, the
number of operations remains the same as does the effect of the cumulative damage. Care

1 Numbers in square brackets refer to the Bibliography.
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should be taken that the higher repetition rate of the stress does not cause failure modes that
would not occur in normal operation. Examples are self-heating in a plastic part, vibrations that
do not dampen out before the next load and software sequences that do not finish before the
next signal.

5 Accelerated test models

5.1 Type A, qualitative accelerated tests

5.1.1 Highly accelerated limit tests (HALT)

51.1M General

Each type of commonly applied accelerated test method is presented in this document with its
advarjtages, disadvantages and necessary application cautions.

Type A tests are not only the classical HALT but there are also other highly accelerated test
types|such as the autoclave, thermal shock, marginal tests, over-stfess tests and|other
quantjtative accelerated tests (see JESD47B [2] and [3]).

NOTE A classical HALT uses only thermal and vibrational stresses.

The model shown in Figure 1 illustrates the relationship between the specifications, the design
limits [and the test strategies of the HALT.

NOTE P The acronym HALT was inadvertently spelt out in the past as highly accelerated life test. By its nature of
being g qualitative accelerated test, however, HALT does not measure the life of an item, even though the term "life"
is impljed by ensuring that the failures in HALT would notiberexperienced in the life of the tested item. The test
effectiviely tests the strength limits of-a—preduct! an item, thus the word "limit" is appropriately used in the spelt-out
acronym.

When| reliability demonstration or reliabjlity' growth tests are accelerated, there is a nged to
demopstrate a margin between the cumulative damage induced by the applied stresses dluring
testing and the cumulative damagescaused by stresses expected to take place during the life,
or any other predetermined time for Which reliability is to be demonstrated. The favourable test
results for the applied margins provide information on—preduct item reliability in that
predetermined time as expre'ssed by strength versus stress criteria. Demonstrated strength is
shown through the test results, while reliability is the complement of the area common tq both,
load and strength curves;ishown in Figure 2 (the area common to both-eurvesrepresenis-the
areaWhere-afailure-eceurs stress and strength distributions are associated with the probpbility
of failure of the item; the larger this area, the greater the probability of failure will be).

In Figure 1 the requirement specifications are translated into design specifications. The ffigure
further illustrates how the design margin is verified by the HALT.

In orderio estimate the margin between the design specifications and the unit undertest (UUT)

it is necessary to increase the stress levels until failure occurs during Type A tests. The margins
verified in these tests are illustrated by a HALT operating stress limit (OL), as well as a destruct
limit (DL). This also indicates the margins for the variations in the materials and manufacturing
processes during manufacturing.

5.1.1.2 Main principles of HALT

The methodology of HALT is to quickly precipitate failures to identify and mitigate design
weaknesses in-a—produet an item in order to increase robustness during the-preduet item field
use. This type of accelerated test is not intended to measure, but to increase—preduct item
reliability through the elimination of failure modes with the lowest margin between the field
stress (load) and-preduct item strength (Figure 2 and Figure 3). This type of accelerated test
only identifies potential failure modes and guides the development and improvement processes
for the chosen stressors. It is from the experience of HALT that most products are very robust
for the applied stresses, but that a few components or design details are significantly weaker
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than the rest. The idea of a HALT is to find those few components or design details and make
them as strong as the rest of the-product item.

Figure 2 illustrates the interference between the strength and stress distribution. It is assumed
that the stresses in the field from different applications, climatic conditions, etc. can be modelled
by a-stress load distribution. It is shown here as a normal distribution. The strength of the
preduets items will vary due to variations in raw materials and manufacturing processes. This
can be modelled by a strength distribution which in Figure 2 is also shown as a normal
distribution.

The area common to both-stress load and strength distribution;—measures is associated with

y . g .
will bg. The graph in Figure 2 shows the classical design margin, stress versus strength-cijiteria,
but in the context shown in 5.1.1.2, it does not account for the cumulative damage model;
therefore, it is—net applicable to the initial short duration test that would measure ‘the ulfimate
strength of the-preduct item design. Also, if the extensive-preduet item quality_¢ontrol maiptains
a very narrow strength distribution (which-may can be a very expensive andtime conspiming
measire), then the distributions would not overlap, meaning that the field failures for the specific
failure mode would be unlikely.
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This text is changed to make the figure easier to understand.
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Figure 3 illustrates the importance of design margins. The design margin not only have to cover
the reduction in strength due to ageing, wear and fatigue, it also has to cover the variations in
strength caused by the raw materials, components and manufacturing and assembly processes.
Figure 3 a) illustrates a case of insufficient design margin, Figure 3 b) a case with sufficient
design margin. The load curve illustrates the loads used during testing, representing the loads
in the field. The strength curve is a PDF curve that covers all produced items from early test
samples to mass produced items. The test samples are often manufactured in a special
prototype test laboratory with optimum manufacturing conditions and maximum management
attention. They are therefore typical of average strength or better (light blue circles). Later when
the items are mass produced variations in strength from raw materials, components and
manufacturing processes often cause the produced items to be of lower strength (the left "tail"
of the strength distribution — the dark blue circles). When looking at the acceptance test of the
desigh in Figure 3 a) the test level is H1 — the maximum stress expected in the field._The test
samples (light blue circles) pass this test and the design is approved. However, oncg'thelmass

Figure 3 b) no failures are seen even at stress level H4. The conclusipnds therefore thjat the
desigh in Figure 3 b) has a sufficient margin, while the design in Figure~3“a) has an insufficient
margip. This would not have been detected if a HALT test had not been made.

This is the rationale behind the application of tests such as step-stress tests and HALT, to
ensurg an appropriate margin over the expected stresses inllife-is-ensured. In this way,|these
tests [can be performed on a considerably smaller number’of test samples than needed for
convedntional testing.

Overlap due to insufficient' margin

Strength (S)

Weak lot from
mass production

Test samples

Load (L)

a)

!
H1 H2 H3 H4 Stress
_

HALT SUSSS 1BVel ()

b) Load (L) No overlap Strength (S
due to
sufficient
margln

H1 H2 H3 H4 Stress

IEC 1381/13

HALT stress level (H) EC 1350115
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Figure 3 — How HALT tests detect the design margin

HALT|is an explorative, qualitative designh improvement test and should be accepted as|such.
It identifies the weakest link failureimode in the design for the related stress type(s). [f this
failurg mode is related to the stress in the-preduct item use environment, the stress leve|s can
only He estimated by an engineering judgement, considering the margin between the logdd and
strength curves and including’the additional margin for the expected variations in both the
manufacturing process and, the expected use environment. The comparison between HALT and
a conyentional accelerated test is illustrated in-TFable-C-4 Table A.1. A step by step progedure
can bg found in Clause A.2 and examples in Table A.2, Table A.3 and Table A.4.

With the weakesttink failing first, HALT is applied further to detect the second, third, and| other
consegcutive weak links. This takes place until no more relevant failure modes are obseryed or
until the technological limits of the tested system are reached.

HALT 15 designed 1o far exceed the—proguet Item USe environment as well as the design
specifications. The stresses are applied in short durations, and the goal is to precipitate
transition of faults into failures, and strengthen the-preduct item as much as it is economically
and technically feasible. HALT identifies failure modes, but not their time dependency.

The UUT-has-te shall be functionally monitored during the test in order to detect the loss of its
functions. If continuous monitoring is not possible, the-produet item functions have to be tested
while the stress level is kept constant. A typical procedure for a HALT is shown in Annex A.

The stress magnitude is not the focus of HALT; the real focus of an effective HALT programme
is on-preduct item improvement activities and organizational response to failures. The-preduct
item improvement should be continued to the point of a cost-effective rugged-produet item
where no part of the design is significantly weaker than the rest of the-product item. The goal
is to keep improving the-produet item to the level justified by the business case and utilization
of cost-effective technology.
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The operating and destruct limits for the-produet item can be pictured as distributions on a
stress axis, as illustrated in Figure 4, for both stress extremes, high and low (LOL, UOL, LDL,
and UDL).

Operating| Design | Operating
margin specification margin
B e

Destruct margin Destruct margin

— LDL

— LoL
UOL,|

— UDL

LDL LOL oL uDL
Stress
IEC

Figure 4 is an example where both limits>0f the stress affect an item. This example-cou
be th%

and Id
thoug
relate|
distril
HALT
these

Even
applig
exist
stress

thermal stress where both, high'and low temperatures, affect the performance

item. It is possible that thesé effects-may will not be symmetrical, as the limits fo
w temperatures-may can belat a different distance from the nominal design stress.
h these tests are performed on early prototypes they can provide information on ¢
d failure modes. As shown in Figure 4, all of these limits can vary as indicated
utions. These distributions may have different standard deviations, and to det
is to give an indjeation of the margins that allows the final-preduet item to accomm
variations without-failures in the field.

though Figure 4 depicts the temperature stress, other stresses may also be succeq
din a HALT. In the case of other stress types, it is possible that lower limits-may W
hs for \example is the case for mechanical stresses, but they-may can exist with
es such as electrical stress and humidity.

igure 4 — PDFs of operating and destruct limits as a function of applied stres$
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5.1.1.

The p

3 Stress types and application

rimary or typically applied stresses in HALT are as follows:

e temperature;

e thermal cycling;

e vibration/ or shock;

e VO

e CO

ltage;

mbination of vibration/ or shock and thermal cycling.

Other—produet item-specific stresses can also be applied such as clock frequency for the
microprocessor, voltage or power variations, contaminants or solvents, or a combination of

these

[3].
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Verification of margins and-preduct item improvements made in response to HALT serve to
increase the likelihood that the-preduect item will be robust and reliable in the field.

An example of typical stress levels is shown in Annex A. Ideally, the HALT stresses are applied
as described in 5.1.1.2 until the predetermined maximum stresses are achieved. These
maximum stresses are determined as follows:

e by the material limits and technological limits of the used materials and components;

e by the maximum stress achievable with the available methods and equipment.

It should be noted that the applied stress levels should not exceed the ultimate material limits
whergthe physical or chemical characieristics-right can change.

It is nprmal to expect that there are some fragile elements in the UUT that are not@designed for
the sfress levels normally applied in HALT. Those fragile elements should if, possiljle be
proteg¢ted during HALT or disregarded in the test data evaluation. Fragile elements mjay be
protegted for example by applying cooling air to them, by isolating them against cold air, by
suspgnding them outside the UUT in order to isolate them from vibratiop.'and shock or eyen by
moving them outside the HALT test chamber and extending their connéctions to the restjof the
UUT. |Fragile elements that have been protected during the HALT test then have to be {ested
by a deparate test for example a component test or a survival test.

Each [failure observed during the HALT should be investigated ‘and root cause failure anfalysis
shouldl be performed (see IEC 62740 [4]). If the identified, failure mode is likely to occur fin the
field where the stress level is expected to be considerably lower than in a HALT, a corrective
actior] should be proposed and implemented in_accordance with engineering as wgll as
manafgement decisions.

5.1.2 Highly accelerated stress test (HAST)

This fype of testing may be consideredcto be a cross between the qualitative, Type A, and
quantjtative, Type B, tests. This test type is very popular in the electronic components ingdustry
whergq it is widely used as a more efficient (shorter) alternative to the much longer temperature
humiqity bias test (THB), i.e. a ‘pressure cooker test, which has a duration of 1 000 H. The
stresdes in these tests consistiusually of temperature and humidity where corrosion df vias
(metal conductors) in dies and.thin film resistors-may can occur. The components are nofmally
voltage biased during the test. Even though these tests do not yield numerical religbility
estimates, they are usgd as effective re-qualification tests to provide certainty that reliabjlity of
the cpmponents is fiot"compromised by any changes introduced in the componentg, see
JESDP2-A110 [5]. The duration of a HAST in the electronic component industry is usuallyjabout
100 h} and thestress levels for temperature and humidity are usually 130 °C and 85 % RH,
respeftively.

51.3 Highly accelerated stress screening/ or audit (HASS/ or HASA)

5.1.3.1 Prineiple Applicability and-extent principle of HASS/ or HASA

HASS and HASA are not classified as tests. Yet, both are included in this document because
they apply accelerated stress for defect detection/ or screening. HASS is used for screening of
production units using stresses considerably higher than those expected in normal use or in
shipping, but with lower levels than those that-might can significantly reduce-preduct item life
in the field. These levels are determined based on the finding from the HALT programme. The
screening may be performed on all (100 %) production units or on a sample. The purpose of
screening is to detect any latent manufacturing defects that would eventually appear in the
normal use of the-produet item. Detection of latent defects, followed by failure analysis and
necessary corrective action (verified through a test designed to detect the specific failure
mode), reduces the number of faults. The resulting field reliability improvement is due to the
reduction in the number of field components with latent manufacturing defects and not due to a
change in the inherent design reliability. HASS is ideally suited to pilot production or production
ramp-up, i.e. when production rate is slow and 100 % screening can easily be accomplished.
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HASS may continue during normal production for very critical items that are manufactured in
small volumes.

The stress levels in HASS/ or HASA are used for defect precipitation screening. The
precipitation screen consists of combined stresses with their levels barely inside the operational
limits. The purpose of this screen is to precipitate manufacturing defects into intermittent or
permanent failures. To detect the failures, it is recommended to monitor the functions of the
UUTs during screening as it is possible that some operational abnormalities-may will not be
discovered in the post test operational checks. Further, it is not known when, during the
precipitation screening, the possibly intermittent functional failure-may can be detected. The
precipitation screen may combine several different stress types and stress levels. As with HALT,
e Do i _ . : o i o0 4).
sible.
Covelage and effectiveness of the monitoring should be optimized prior to beginning pf the
screep development process. The monitoring process should facilitate root cause ‘analysjs.

A typital precipitation screen itself will require a relatively short stress application time sych as
from 3 min to 1 h of stress. Additional time will be required for the test and monitoring equipment
set-up.

HASA is a process monitoring tool where a sample ffom a production lot is exposed o the
precipitation screen to detect possible defects. HASAds often performed before the prodjiction
lot is|released. HASA often supplants HASS when the manufacturing process reachges its
maturjty. HASA is further reduced and even eliminated when the effectiveness of prodlction
contrgls is established.

51.3p Selection of stresses and their magnitudes

Stresses should be selected so as.not to compromise functionality, material properties, pr the
life off non defective hardware. The initial levels are determined from information gained in
HALT

The plrecipitation screen_is.performed with stress levels a little lower than the operating|limits
since [the UUT have ta"be monitored for function during screening. Typically, the tempefature
stresq is reduced By)5 °C and the vibration level by 2 g RMS (19,62 m/s2). Before the
precigitation screenis used for HASS/ or HASA it should be verified that the precipitation gcreen
does hot signifieantly reduce the-preduct item life in the field. This can be tested, for exgmple,
by exposing ‘one sample to the precipitation screen 10 times.

514 Engineering aspects of HALT and HASS

5.1.4.1 Advantages of HALT and HASS
The advantages of HALT and HASS are as follows:

o verified and selectively increased design margins for reliability improvement;
e sample size for determination of a specific failure mode is small;

e quick determination of dominant failure modes for specific stressors and easily combined
stresses (the duration of the test is typically three days);

o efficient trade-off analysis information and determination of necessary corrective actions;
e quick verification of corrective actions;

o efficient short-term production screening;
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e elimination of weak or defective components (HASS) from the main population (quality and
reliability improvement).

5.1.4.2 Disadvantages of HALT and HASS

The disadvantages of HALT and HASS are as follows:

a) possibility of stimulating failure modes that would not normally be observed in-product item
use;
b) potential for over-improvement of design margin (over-design);

c) resultant reliability not known;

d) nd statistical confidence in the test result (over- or under-estimation of the design maingins);
e) testing does not address all interactive effects of multiple failure modes;

f) imlpractical for very large-produets items, very smallpreduets items and-preducts itemjs with

diyerse fragility;
g) IirIited number of stress types (primarily temperature, vibration, shock-and thermal cygling);

h) inability to evaluate the design limits for a stress influenced by synergy with other stress
types not provided by the HALT types.

5.2 |Types B and C - Quantitative accelerated test methods
5.2.1 Purpose of quantitative accelerated testing

The purpose of quantitative accelerated tests is to estimate one or more measures of religbility,
for edample failure rate, probability of failure or survival, or time to failure (TTF). Oftgn the
purpose of quantitative accelerated testing is to determine the life time of components with a
limited life (wear-out), or to determine (quantify)-and improve the reliability of systemjs and
comppnents. For this, Weibull analysis is very~useful (see IEC 61649).

5.2.2 Physical basis for the quantitative accelerated Type B test methods
5.2.21 General

The doal of Type B accelerated testing is to measure the reliability and verify acceptable
reliabllity performance of the—preduet item within a short period of time. Thus, the gpal in
accelgrated testing is to accelerate the damage accumulation rate for relevant repetitive stress
and wear-out failure mechanisms (a relevant failure mechanism is one that is expected to|occur
under] life-cycle conditions).

In order to accelerate tests, it is necessary to have a thorough understanding of the potential
failurg mechanisms and the operational and environmental stresses of the-produect item or
systefn. This.can also be achieved through failure mode analysis of the designed-predugt item
assodiated-with the intended-produet item usage profile, for example using an FMEA (see
IEC 60842 [6]). Effective measures can then be taken not only to prevent their manifestation
under predetermined life or usage stresses, but also to precipitate them effectively during
accelerated testing for-preduct item improvement. Accelerated wear-out or reliability testing has
been recognized to be a valuable activity to assess the reliability of high reliability electronics,
electro-mechanical and mechanical systems. The application of elevated stresses is usually for
the purpose of:

a) making the design more robust and improving the manufacturing process through
systematic step-stress testing and increasing the stress margins through corrective actions
(reliability growth testing);

b) conducting accelerated life tests in the laboratory to measure and verify in-service reliability.

The extent of acceleration, usually termed the acceleration factor (4F-er+4), is defined as the
ratio of the life under use conditions to that under the accelerated test conditions. This
acceleration factor is needed to quantitatively extrapolate reliability measures (such as time-to-
failure and failure rates) from the accelerated test environment to the usage environment, with
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some reasonable degree of confidence. The acceleration factor depends on hardware
parameters (e.g. material properties,—product item architecture) of the UUT, usage stress
conditions, accelerated stress test conditions and the relevant failure mechanism. Thus, each
relevant failure mode (assuming it is a result of one failure mechanism) in the UUT has its own
acceleration factor and the test conditions (e.g. duty cycle, stress level, stress history, test
duration) shall be tailored based on these acceleration factors.

The physics of failure approach means that each failure mode is addressed separately and the
margin to the life time or to the required reliability is verified for each of them.-ln-seme-cases
the-result-is kept-qualitative- With this approach, each of the failure modes has its own failure
distribution and failure rate. In other cases, the result is combined to an estimated reliability for

the whele—preduetiterm-

When| planning a test the potential failure modes in the item should be listed. The-test i then
planngd with stress levels and durations so that the failure modes should be obsefved jin the
test iff they are present in the—preduct item. For this planning, empirical factors from prgvious
wedﬂfts items, from the component suppliers or from literature, can be used to estimage the
accelgration factor of the test. After the test is performed the actual failute .modes are khown,
and the test can be analysed for each failure mode separately. It is recomimended to use|a test
set-up where the empirical factors can be estimated from the test)itself. See Annex E and
Annex F.

Type B tests can be run by increasing the level of a variety of.|loads such as thermal loads (e.g.
tempgrature, temperature cycling, and rates of temperature change), chemical loads (e.g.
humidity, corrosive chemicals like acids and salt), electrical loads (e.g. steady-state or trapsient
voltage, current, power), and mechanical loads)(e.g. quasi-static cyclic mechpnical
deformations, vibration, and shock /impulse/ or impact). The accelerated test environment may
include a combination of these loads. Interpfetation of results for combined load$ and
extrapolation of the results to the life-cycle conditions requires a quantitative understanding of
the refative interactions of the different test stresses and the contribution of each stress type to
the oyerall damage.

5.2.2. Advantages of the Type(B test

The dcceleration stress test provides quantitative information on the reliability of the {ested
produgt item:
o this test type can besdesigned

— | for selected failure modes (e.g. from FMEA) to assess, with reasonable confidence,
overall reliability;

— | for combined stresses also to simulate the interactive effects of those stresses jand a
realistic-assessment of the-product item reliability;

o arn aeceleration test can be effectively carried out to enable the test to represent cumylative
dgmage in use.

5.2.2.3 Disadvantages of the Type B test

o A risk that the stress acceleration-may can exceed the physical properties of-preduet item
materials and cause unforeseen damage.

e A risk that the acceleration of combined stresses-may can cause additional unforeseen
damage to the-preduet item that would not have happened in actual use.

e The base line for-aceceleration accelerated testing is not a single stress but is generally a
multiple stress that varies with user and location.-Fhis-reedsto-be-taken It is necessary to
take this into consideration when quantifying the results.
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5.2.3 Type C tests, time (C,) and event (C,) compression
5.2.31 Type C, tests

5.2.3.1.1 General

Time compression is achieved by eliminating "OFF-time" (e.g. non-operating time or time with
low stress levels) by compressing the duty cycle through addressing just the ON time.
Furthermore, when-preduets items are exposed to a wide range of stresses, it is typical that the
highest stresses (the primary stresses) will induce the most damage, and that there are some
levels of usage stress that, compared to the primary stresses, are assumed to produce
negligible damage. Any exposure below a chosen damage threshold stress can be assumed to
produce negligible damage and can be eliminated from the test programme. This is partigularly
true fpr mechanical fatigue and is often applied in accelerated structural fatigue testing (see
IEC 6p605-2).

An example of duty cycle compression is when the test duration is 24 h per‘day, whereas the
produet item in its actual use environment operates for only 8 h per day. This results in a time
compfession factor of 3. Each day of test time is equal to three days of@ctual use time.

5.2.3./1.2 Advantages of time compressed tests

Proddets Items with a minimal or short operating use time compared with calendar time dan be
tested within a very reasonable test time relative to its required life (e.g. office equipment| cars,
harvepting machinery). For example, a snow plough is used only in one season, once a| year,
and ophly when there is a reasonable accumulation of-snow to justify its use. Even when|used,
it is expected to be on for 2 h to 3 h on average. There are several primary damaging stresses
such ps vibration, stress in the motor, wear-out of blades;—ete. For the rest of the yeay, it is
stored in a shed, and protected from extreme weather conditions. Thus a snow plough that has
a required life of ten years, but effectively s used four times a month for three months, for
duratipns of 2 h, can be tested for a required usage duration of 240 h. Therefore, a test of
approximately 300 h would provide a gogd margin to prove the snow plough’s reliability.

With & relatively short test duration-at nominal stresses, there is no reason to increage the
stresqes, and therefore, there .is"n0 need to determine stress acceleration factors; othgrwise
there jis a risk of overstressing the UUT.

5.2.3./1.3 Disadvantages of time compressed tests

Concentration exclusively on operational time means considering the operational envirohment
only with its assogiated failure modes, while the failure modes occurring in the "non-operafional”
envirgnments,may be neglected. Such failure modes-coeuld can even be more damaging [to the
produet item;\since they are a result of stresses that are perhaps considerably lower than|those
when |the{fproduct item is in use, but are applied for a considerably longer time to produg¢e the
same|ofigreater cumulative damage than the stresses applied in use.

Considering the same example of the snow plough, there are 87 600 h in its ten-year lifespan
when the snow plough is exposed to extreme cold temperature for approximately 20 000 h,
leading to the failure mode of embrittlement of materials; very high temperatures for
approximately 6 000 h, leading to ageing of plastic parts, paint, adhesives, thermal cycling;
approximately 7 200 cycles causing multiple structural damage; and humidity, applied for a
minimum of 30 000 h per year, causing corrosion. Testing only under operational conditions
would disregard the influence of non-operating environments.

For-preduets items where active time is considerably shorter than the passive (OFF time), it is
necessary to combine time accelerated testing for the operational periods with tests that
accelerate the passive periods, for example corrosion tests, humidity tests;—ete. In some cases
the-product item can be preconditioned before the time compressed tests by applying some
stresses from the passive periods, for example moisture, cold storage, solar radiation or
mechanical loads like vibrations and shocks simulating the non-operating conditions. The
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purpose of such preconditioning is to simulate the inter-relationship of the failure modes of
active use with the failure modes expected in storage, which in turn highly affect the failure
modes in use. As an example, corrosion of the snow plough would highly affect the influence of
applied vibrations on the-preduct item structure.

5.2.3.2 Type C, tests

5.2.3.21 General

The event compression tests apply repetitions of events with considerably higher rates than
those applied in actual-preduet item use. As an example, the ON/OFF cycling of the above-
mentis he-showplough)ca pressed-to—a-testof several-hours—b pplying
the ON/OFF cycling repeatedly. Therefore, the 120 required ON/OFF cycles in the 10-ye
with g sufficient margin to demonstrate reliability would be a very short test.

Type [C, tests can be combined with the time compression tests for further tést’accelerfation.

This-sray can result in a very short test with "high reliability" demonstration) however, several
imporfant precautions shall be taken when carrying out this combined: acceleratiorn. For
example, the rapid application of repetitious stresses-may can influence test results by varying
cumulative damage.

The ejent compression tests may also be combined with the stfess acceleration tests to further
shortgn the test time. Caution should be exercised when preparing such tests, as thg time
compfession—-may can influence the stress acceleration. For example, fast ON/OFF dycling
resultp in a very short time in the OFF condition, which.does not then allow the UUT to prpperly
cool down. This can then result in additional thermal accéleration of the UUT’s degradatign and
precipitation of failures. Also, this type of acceleration-may can neglect the failures due t¢ non-
use, quch as material deterioration.

5.2.3.2.2 Advantages of the Type C, test

The advantage of the Type C, test is that in a short time, by speeding up the stress repdtition,
the cymulative damage can be repreduced within a much shorter time than in regular useg.

5.2.3p.3 Disadvantages of the Type C, test

This type of testing-maycah also produce some negative effects by applying continuous stress
and ip a manner that.precipitates failures that normally would not occur. For example, in
mechanical parts with“a wear-out mechanism induced by friction during operation, continuous
frictioh-may can~produce heat that would further precipitate a failure that would normglly be
delayed by perigds of cooling. Another example-could can be the metal fatigue caused by stress
repetition, if.applied without allowing time for the material relaxation.

5.3 |Failure mechanisms and test design

The importance of correct failure analysis shall be strongly emphasized. Understanding the
failure mechanisms is essential for designing and conducting successful accelerated life test or
other test as advocated in physics-of-failure based reliability design and prediction
methodologies (provided that the predictions are done using the physics of failure approach).
To achieve this, a rational method shall be identified to relate the results of accelerated tests
quantitatively to the reliability or failure rates in use conditions, using a scientific acceleration
transform. The amount of test-time compression achieved in an accelerated test-shall need to
be determined quantitatively, based on the physics of the relevant failure modes. Accelerated
life tests attempt to reduce the time it takes to observe failures. In some cases, it is possible to
do this without actually changing the equation for the instantaneous failure rate. However, if the
hazard function changes, it is termed a "proportional hazard model." Mathematically, the
differences between these two can be seen in the following two equations for a Weibull
distribution in which H)y, (¢) is the cumulative hazard function for accelerated life, Hpy(?) is the

cumulative hazard function for the proportional hazard model, 4F is an acceleration factor due
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to some sort of stimulus and (#/7)# is the unmodified cumulative hazard for a Weibull distribution
(¢t = time, n = characteristic life and g = shape parameter).
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5.4.2

Step-by-step procedure

The following procedure-shal-be-applied is applicable:

a) identify the relevant stress factors from the field, including storage and transportation (see
the IEC 60721 series);

b) determine which stress types-have-te that will be accelerated, which will be nominal and
which can be omitted, for example because they are covered by other tests;

c) determine if the stresses can be applied simultaneously to include stress interactions or
whether they will have to be applied sequentially, for example in a test cycle (see

IE

C 60605-2);

d) determine if the acceleration factor (44F) can be estimated from the test or estimate the
acceleration factors based on relevant acceleration equations and relevant empirical
factors;


https://iecnorm.com/api/?name=adc4a3daa201534f213c37a823219cdd

-30 - IEC 62506:2023 CMV © IEC 2023

e) determine the sample size (see IEC 61649, IEC 61123 and IEC 61124);
f) perform the test (see IEC 60300-3-5);
g) perform failure analysis;

h) analyse the test — each failure mode separately (see IEC 61649, IEC 61710 and

15
i) re

5.5

C 61124);
port test result (see IEC 60300-3-5).

Multiple stress acceleration methodology — Type B tests

In cases where two or more stresses are the cause of reactions affecting the component or

using
the fg

models appropriate for those stresses. In these cases, failure rates representing-e
ilure mechanisms are individually accelerated and the overall reliability (R)vor f

probapility (F)-shal should be estimated separately. This can generally be expressed/as fo
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represents the influence of a stress i on the reliability of the UUT when stresse
independent;

represents the reliability of the UUT;
is the total number of independent stresses.

becific case of competing risks is-déscribed in IEC 61649:2008, Annex G.

time to failure of all the components or items can be modelled by the expon
ution this can be simplified-as follows:
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In the case of Weibull distribution where all of the failure modes distributions have the same
shape parameter, the scale parameter of an item under combined stresses is as follows:
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A number of equations are retyped due to change of symbols and correction of errors.
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Ng 1
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where

p is the shape parameter of the Weibull distribution;

Mtem IS the item scale parameter for the combined individual stress;

# 1y| is the base scale parameter;

#17; are the individual stress scale parameters.

For different shape parameters, the resultant distribution-may can be differentito Weibyll and
the cqmplexity of the relationships increases beyond the scope of this document.

It is t¢ be noted that the Weibull rationale may be used only when accelerating single failure
modef because it expresses dependency of times to failure, asOWeibull modelling |s not
applidable to the mix of different failure modes. Times to failurelare not related in the case of
differgnt failure modes, not even if applied to a single component.

Equation (4) presents a rather accurate way of expressing the overall item failure rate with
applidd stresses. It assumes that the part/ or component/failure rate is a sum of a basic {ailure
rate, fesultant from undetermined failure modes related to the part inherent defects, gnd of
failure rates attributed to the failure modes sensitive to particular stresses and acceleraied by
them.|Then, failure rates representing individuabstresses can be determined by separate ptress
tests.|Individual stress accelerations then apply to each of these stress-relevant failure modes.

If eadh stress type accelerates one and’only one failure mode, the acceleration factor will
influenpce each failure mode separately. With the assumption that the exponential distribution is
applidable, which is often the case when assemblies and systems are tested for multiple
differgnt failure modes, the itemfailure rate as accelerated is:
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AF X Atgm = ZAFz X Atem (Stress) (6)
i=1

Dropptrgthe—i —Whichis-smalRrfegardsto-alfalure modes Tates oroccurrence,and-Having
in mind that more than one stress-may-acecelerated can accelerate the same failure mode, the
test acceleration from Equation (6) becomes Equation (7):
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where

Ao is the failure rate that the item has in its use conditions;
An is the accelerated test failure rate;

A

P

k i

is the product of acceleration factors of stress, i, affecting the failure

mode k;
,11. is the failure rate of the item r*nrrnepnnr‘ling to the Qpnr‘ifir‘ stress:
Ng is the number of stresses;
Are el Test is the acceleration factor of the failure rate of the item in use eenditipns to
produce the overall accelerated, test failure rate.
Ns
>|(114 4
=1\ \ & /i )
Ap,, = 1 (8)
0
Ns
2171 ((HkAFk )i Xi") (8)
AFTest =
%
If the [failure rate A, is defined in terms of-reliability at a predefined time ¢4, R;(#3¢1) then the

test apceleration is:

(1) -2

4 —=1\N ki L oo 1)

Test /10 {_9-)
AFrog; = - [(H"AFk )~ {_In(R;(H))D (9)

If all stresses influence all failure modes, the resulting acceleration factors (4,4F;) can be

multiplied. Then the easier or simpler way of calculating the total part failure rate-could can be
in a form of its base failure rate modified by multiple compounded environmental stresses:

Ng

Item - U i (10)

i=l
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Ns
o (Stress) =g x [ 47,
i=1

(10)

Equation (10), although widely used in the industry, assumes that each applied stress
accelerates the base failure rate, and the next applied stress accelerates the total failure rate
accelerated by the previous stress, and so on. This simplistic approach-may can lead to
overestimation of effects of multiple stresses, as the failure mechanisms are different, and some
are not accelerated by all of the stresses.

The r¢sult of overestimation of acceleration Is the overestimation of the pr05a5| |[y of Tall

leads

The b
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to tests that are unreasonably short and inadequate.

pst way to calculate realistic test acceleration is to investigate what stressés do infl
me failure modes in which case they can be multiplied.

Single and multiple stress acceleration for Type B tests
Single stress acceleration methodology
L General

his methodology, test acceleration is accomplished_with a single stress only.
s are life stress models, where the damage pé&r unit time of test is approp

accelgrated by increasing the level of stress.

The three most frequently used relationships are:
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erse power law model, used for test“acceleration when stresses other than co
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bt the absolute temperaturethas on a failure mechanism;

ring model which is used"in cases where the acceleration is achieved with tempe

d moisture stress levels.-Fhe-modelis-derived-from-gquantum-mechanics-
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5.6.1.

ine characteristic accelerated life parameters. Using the acceleration factors

Withr}:l acceleration models, test data can be analysed using established analytical mod

tions as-needed necessary. The acceleration models should, if possible, be verif
g the test'data.
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3 Inverse power law

5.6.1.2.1 General

The inverse power law is applicable to:

e dynamic stresses such as shock (any pulse type) and vibration (sinusoidal and random);

e climatic stresses such as thermal cycling, temperature changes (shock and thermal cycling),
humidity, solar radiation, or any other climatic stresses with cumulative damage.

The inverse power law model [7] is very simple to understand and use, and is very easily
adaptable to any failure distribution. Graphical solutions (best fit by eye) are possible, and the
parameters can also be determined using maximum likelihood methodology.

With the inverse power law, the characteristic that represents-product item reliability related to
time, such as characteristic life, mean life, mean time to a failure, is represented as:


https://iecnorm.com/api/?name=adc4a3daa201534f213c37a823219cdd

- 34 - IEC 62506:2023 CMV © IEC 2023

L(S)=C"xs™" (11)
where
S is the stress;
C is the constant (> 0) to be determined;
m is the parameter dependent on stress behaviour, also to be determined;

L(S) IS The liTe or other predaeterminead time auration as a tunction or stress.

The ppwer law model is simple when expressed or plotted in logarithmic form, wherefitbegomes
a strdight line with the slope representing the value of parameter m, and the value pf the
intercept with the y-axis is a function of the constant C:

In[L(S)] = -mxIn(S)-In(C) (12)

The inverse power law is applicable to all distributions regularlyused in reliability.

The tg¢st acceleration factor is then:

AS — L(S( x‘p) — C_l .SI wim — (STpvt\ (12
_IPL L(STGSI) C—l . STestfm SUsg 1o
1 e m
AL = L(SUse) _ C ><Sugle _ STest (13)
Sip. L(Stest) C xSz S,
Test) € XSTggt Use

wherg

ALS|p As_1p; is the acceleration of stress by inverse power law;

L(Syse) is'the life as a function of stress in actual use;

L(Stedt) is the life as a function of stress applied in test.

In the Equation (13) the subscripts "Test" and "Use" denote accelerated test condition and non-
accelerated use condition, respectively.

Parameter C in the test acceleration cancels out, but the parameter m shall be determined for
the item and the stress type.

If not readily known, the parameter m can be determined through tests performed on the same
component or item at various stress levels to failure (Annex E and Annex F). The test data is
analysed then to determine the distribution and the distribution parameters. The parameter of
that distribution that corresponds to the life is then plotted as a function of stress in log-log
coordinates, and the slope of the straight line determines the value of the parameter m while
the negative intercept will produce the value of the constant C.
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This process that appears easy when described-may can become a very tedious process for
items that are more complex than a single component, as the test-may can involve long periods
of time and a large number of samples. However, using test acceleration factors that are loosely
estimated-may can lead to large errors in design of accelerated tests.

When extrapolating the stress-life curve well beyond the test points the predicted stress life
curve-may can represent a more conservative estimate of life since the actual stress-life curve
for the specific failure mode-may can exhibit a lower slope.

The inverse power law is usually applicable to thermal shock, electrical and mechanical
stresses (static and dynamic) and to humidity.

When| accelerating a component life test with a specific stress, failures should be undegstood
and drouped together for the same failure modes to ensure that the applied Stressgs are
genergpting the same failure mechanism. For example, an accelerated test of @-chip cgramic
capaditor with nickel electrodes by voltage increase—may can exhibit two- different failure
mech@nisms: dielectric breakdown, and movement of oxygen vacancies,| both resultjng in
shorting of the capacitor. The two-may can appear as the same fajlure’ mode as the two
mech@nisms would not be distinguished if the failures were not analyséd-’One of the indigators
of prgsence of two different failure mechanisms-could can be a-resultant bimodal Weibull
distriution (see IEC 61649).

Confidence limits on parameters, life functions and reliability for each of the distribution)s can
be defermined with appropriate statistics, as described in for example IEC 61649. Care ghould
be exercised when applying statistical limits for the stfess-life curve as, due to small sample
size, {he resultant extrapolated stress-life curve-may‘eah be incorrect.

5.6.1.2.2 Advantages of the inverse power law model

The primary advantage of this model is its simplicity and easy determination of the parameters
from Ja test, provided that there is anr,easy separation between failure modes. Anpother
advartage is that it is widely used so thaf'the specific parameter values can be found in relevant
literature.

5.6.1.2.3 Disadvantage of:the inverse power law model
The nmpodel disadvantageshare as follows:

o the simplicity of the,model-may can lead to errors in fitting life-related parameters of different
distributions;

¢ offen, duetodime and cost constraints, it is not possible to determine the inverse powgr law
pgrametersy hence common average values that can be misleading are used;

o teptsrto-failure, to be statistically defensible, require a large number of samples to be {ested
to|faildre at each of the chosen stresses. Components at lower stresses-may can require a
long test time, and should those at the same time have a high level of reliability, the sample
size may-reed have to be large, and the test-may can be lengthy;

e caution should be exercised when accepting an assumed value for the parameter m,
borrowed from a seemingly similar-preduet item.

5.6.1.3 Arrhenius model
5.6.1.3.1 General

The Arrhenius model [7] is based on expressing the reaction rate as a function of the component
type and its failure mode and the absolute temperature, 7. This model assumes that the reaction
rate is exponentially dependent on the absolute temperature.

The reaction rate is expressed as follows:
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__Ea
p(T)=K x e kT

(14)

where
K is the constant (not a function of temperature);
E, is the activation energy (eV);
kg is Boltzman’s constant = 8,617 385 x 1075 eV/K;
T is the absolute temperature (K);
p(T) |is the reaction rate as a function of the absolute temperature.
A fungtion that represents reliable life is expressed as a function of temperature;
b

L(T)=CxeT

To represent the above equation as a straight line:
In[L(T)] =?+In(C)

wherg
T is the variable absolute temperature measured in degrees K (absolute temperat
D is the slope of the straight line (= E,/kg);
In(C) is the intercept of thg straight line with the Y axis.

The acceleration factor is\then found for the use with respect to test environment as the

of the

two reaction ratés:

oD k™ (i)
A [+4

(15)

(16)

ure);

ratio

)

K-e kg-Ty

~fa Th(1 1
p(T) _Kkxe &7 _el’B\o T

(17)

The failure rates as a function of absolute temperature, 7, can be correlated to the failure rate
at a specified absolute temperature, 7, as follows:
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__Ea
i(T)=Cxe &7 (18)
The failure rate 1, at a specified temperature T is:
__Ea
Ap(T)=C-e & (19)
__Ea
A(Ty)=Cxe *&T0 (19)
Divisipn of Equations (18) and (19) will provide the following relationship:
i)
e\ Th T 20
A(T) =g (T )xel "8\ 10 T (20)
wherg
Ty and T are the absolute temperatures in use and test environment, respectively.
An example of use of the Arrhenius model for the determination of the value of failure rate 4,
which| at the temperature of 25 °G-(298 K), was 1 x 1078 failures/h, as a function of abpolute

tempsg

rature, T, is shown in Figure 5.
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Figure 5 — Line plot for Arrhenius reaction model
arameter £, (activation energy) shouldibe known for application of the Arrhenius model.
ctivation energy can be estimatedyas described in Annex C, but this is very time
consuming. Component manufacturers\estimate the activation energy for the relevant {ailure
5 each time they qualify a new component technology. The estimate is often made gn test
Lires and not on functioning.components. The estimated activation energy is then applied
omponents using the qualified technology. Therefore, the component supplier will usually
e to state the activation energy for the dominating failure modes of a given component.
tion energy can pe determined from the plot in Figure 5 by solving the equation usged for
the fajlure rate plot for,E, as follows:
E -k, {In[A(T)] - In(4y)}
1.1
I, T Ll
E,=kg SLOPE
g An[A(T)]-In(% )}
a="mBx i_i (21)
T, T
E, =kg xSLOPE (22)
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SLOPE = ln[ﬂ(f)]—}n(ﬂo)

T, T

{In[2(7)]~In(%)|

SLOPE= T (23)
Ty Tk

where
Ao =1 x 1078 failures/h;
In(Ag)] =-18,421,
Ty =25°C=(25+273) K=298 K
In(Ag)] =-7,764 5;
T =180 °C = (180 + 273) K = 453 K;
Eq =0,8eV.

6 shows the determination of the activation energy.

A

\\\
\\\
\\\ y=-9280,7x + 12,723
S
\\
~
-22
Q 9 ™ © > > G > o
X Q& Q 9 Q S > & &
o8 & & & & T & & &

Inverse of temperature, 1/77 (K-1)

Figure 6 — Plot for determination of the activation energy

The Arrhenius method is applicable to a multitude of statistical distributions used in reliability

analysis.

Confidence limits on parameters, life functions and reliability for each of the distributions can

be determined with appropriate statistics.

IEC
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5.6.1.3.2 Model applicability

This model is applicable to the circumstances where the thermal exposure in form of constant
high temperature is expected to cause cumulative damage of materials thus changing their
physical properties. Change of physical properties may then be demonstrated as a change in
electrical and other specific properties.

The model is not applicable for damages caused by low temperatures. For these, it is advised
that tests to failure be used to establish the specific model.

5.6.1.3.3— Modeladvantages Advantages of the Arrhenius model

The Arrhenius model is simple to use and, when the failure mode is truly only dependent ¢n the
absollite temperature, can produce realistic test acceleration.

5.6.1.3.4— Model disadvantages Disadvantages of the Arrhenius model

The npodel is easy to apply for single components provided that their failure rates are indeed
deperldent on and activated by temperature. For assemblies made of'various electronic and
mechanical parts, the model-may can be hard to apply, as the components will often| have
differ¢gnt thermal activation energies for different failure modes” (see JESD85 [8] and
IEC 6[1649:2008, Annex G). Acquiring relevant values of activation energy is not simple for
varioys tested items. Sometimes it requires extra specific experiments to get it. For more details
see Ahnex C.

5.6.1. Eyring model
5.6.1.4.1 General

As with the Arrhenius model, the Eyring modg(is primarily used when thermal stress is a [factor
in thel acceleration process. Unlike the Arrhenius model, the Eyring model is also used for
stresgdes other than temperature, such as’humidity, or some chemical reactions [7].

The fginction related to expected lifesis shown as follows:

L(Sg)=—x e_[A_‘iJ (24)

wherg

A and| B¢/ ,are the function parameters that need to be determined through test or approxinated
i e = : on nt, but

a o om e e a 5060 Vi aa¥atda) R

more often it is a function of some stress, normally temperature;

Sg is the stress as used in this model (usually absolute temperature measured in
degrees Kelvin);
L(Sg) is the measure of life such as MTTF, characteristic life, half life,—ete.

The acceleration factor A/ with this model is:
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e B 1 _ 1
_ L(SEste) _ SEste _ SEfTest N SEiL’:(’ S.e‘jm
) L(Sg T ) da B SE_Use (23)
et 1 SE Test
e ,
SE_Test
Euse
AFSE _ \"Euse )/ _ Euse _ SETest xe kbEUse bETest) (25)
L(SETest) —[A—S B ] Euse
1 x e ETest
ETest

wherg

—land S—=r SEuse and SETest are stresses in use and tegstyrespectively;

B is a constant that-needs has to be determined through test or approximated
by values from the literature.

The Hyring model can be applied to all distributions.used in the reliability analysis.

Configence limits on parameters, life functionszand reliability for each of the distributior]s can
be determined with appropriate statistics.

5.6.1.4.2— Modeladvantages Advantages of the Eyring model
The npjodel is relatively simple, yet it\is applicable for stresses other than thermal. For a known
parameter B, rather accurate test.acceleration can be achieved.

5.6.1.4.3— Meodel disadvantages Disadvantages of the Eyring model

As with the Arrhenius/model, knowledge of the parameter B is critical for corregt test
acceleration. For-progtets items with moderate complexity, accurate test acceleration-mgy can
become questionable because of different components and materials having a different|value
for the¢ constant,B.

5.6.2 Stress models with stress varying as a function of time — Type B tests

5.6.2.1 General

The time varying stress models are used to account for precipitation of failure modes in order
to shorten the test time. These models can be used as a presentation of-preduct item usage
profile and those are the cumulative damage or cumulative exposure model.

5.6.2.2 Step-stress model
5.6.2.2.1 General

The model most frequently used is the step-stress model, where the units under test are subject
to a succession of increasing stress levels that are applied for a predetermined time, and at the
predetermined stress levels [9].

The stress levels are constant in each of the intervals.
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The model can be presented mathematically using the life characteristic for an assumed
distribution. As an example, the step-stress mathematical representation is as follows.

If reliability of a test unit for a test duration ¢ and the stress S represented as a Weibull
distribution is:

t B
R(,S) = e_[n(S)] (26)

wherg

R(t,S)| is the reliability as a function of time, ¢, and stress, S;
B is the shape parameter of the Weibull distribution;

n(s) is the scale parameter, a function of stress, S;

then the probability of failure is:

F(t,S)=1-R(¢,5) (27)

In the Equations (26) and (27) with an example.of) the inverse power law mode|, the
charagteristic life is:

n(S) = x s~ (28)

For sliccessive stresses (stress levels) S;, where i =1, 2, 3...

Y
B (5) = 1-0 1) (29)

1 1

Data should beyanalysed using the appropriate distribution (in the case of the above example
Weibdll), using”a cumulative exposure model, which makes a correlation between the {ailure
distriqutions ‘at the two successive levels. The failure distribution of the test units in each step
will b¢specific to that step; however, the zero time of each particular step coincides wiFh the
total accumutated test time prior to that step.

Denoting an equivalent ageing time as = 7;, to account for ageing at the previous stress level:
i

S m
7; :(tl- _ti1)X[S_l ] + 7,1 (30)

Probability of failure in the segment, i, then is:
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B
F65) = 1= (OS5 Tt g) (31)

Distribution parameters may be then determined by maximum likelihood or other methods.

Confidence limits can also be set for the probability of failure, reliability, or any other-preduct
item life measure as described in the related standards on confidence limits, depending on the
established distribution.

5.6.2.2.2— Medeladvantage Advantages of step-stress model

The method is effective to discover potential-preduct item weaknesses in the short time period.
The alssociated mathematics is not too complicated, so that the life characteristic of-a—pfoduct
an item as related to the particular stress can be calculated.

5.6.2.2.3— Medel disadvantage Disadvantages of step-stress model

The method does not account for ageing of the test units for the"time that the previous ptress
steps|are applied. Nor is the time involved enough typically to‘produce time dependent {ailure
modef such as wear, or creep or high cycle fatigue. The ‘primary driver is stress intensity.
Furthtr, this does not take into account potential fatigue or material changes resulting frdgm the
repetitive stress. This potential fatigue-may can precipitate appearance of the failure modes
earlief than they would normally appear without the fatigue factor and thus erroneously gredict
an eafly time to failure. The effect of the stress is tisually logarithmic, so care should be|taken
not tojuse a stress level that will cause immediate failure of the UUTs.

The method also does not suggest how toshandle appearances of failure modes unrelated to
the apgplied stress, and how to account for,them.

Care ghould be taken to not exceedthe short time destruct limit of the UUT.

5.6.3 Stress models that'depend on repetition of stress applications — Fatigue
models

5.6.3.1 General

Fatigye can be defined as a gradual deterioration of item materials or item structure when|those
are suibjected_to“repeated loads. Those loads can be mechanical, dynamic, thermal cycling,
voltade cycling,/ etc. With cycling loads (such as thermal cycling, bending,—and-otherp) the
fatigup is proportional to more than one parameter, usually to the load extremes (the diffgrence
betwegen extremes) number of repetitions and to a rate of change.

To represent the relationship between the number of load repetitions and the level of the load,
testing is done on a number of items at different stress levels in a series of tests. The endured
stress is plotted against the number of applied stress cycles or applications for which the
failures have not occurred. The stress levels are reduced and the number of stress applications
is increased. This continues to a point where seemingly, the stress is low enough that the item
can endure an "infinite" number of applications. The stress value at this point is often known as
the fatigue limit. Not all materials have a fatigue limit; exceptions are, for example, some types
of aluminium alloys and plastics.

5.6.3.2 Calculating life time according to Miner's rule

The Palmgren-Miner linear-cumulative-fatigue-damage-theory (Miner’'s rule) is used to
calculate the resultant pitting or bending fatigue lives for gears that are subjected to loads which
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are not of constant magnitude but vary over a wide range. According to Miner’s rule, failure
occurs when:

m no n; n

+ = (32)
N1 N2 i Nm
where
n; is the number of r‘yr‘lne at the ;-th stress In\/nl;
N; is the number of cycles to failure corresponding to the i-th stress level,;
nANYN, /N, is the damage ratio (fraction of life) at the i-th stress level.

Replacing number of cycles by the life times:

l—1+l—2+....+l—i+....+l—m=1 (33)
l’l L2 Li Lm

wherg

; is the time at the i-th stress level,

L; is the life at the i-th stress level;

li

L; is the damage ratio at the i-th stress level.

If the time at each of the stress level.is expressed as a fraction of time of the total life, L;

lh=aq4xL

12 = 0[2 x L (34)
where
a; is the time at the i-th stress level;
L is the life to failure under the applied set of loads.

If the same ratio for lives applies as to the number of cycles, then:

a1 xL a9 xL a; x L o, XL
1 + 2 R np 4.+ =1
Lq Ly L L,
1
L:
(33)
a a : a 33
S B’ ST At /N R
L1 L2 Lz Lm
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: +— =1 (35)
L1 L2 Ll Lm
I 1
“i %, Gy e (36)
L1 L2 Lz Lm

The sfress versus number of cycles diagram is plotted from the fatiguejtests and is known as
the S{N curve. From a series of S-N curves, and with the assumptionlof the inverse powegr law
of strg¢ss levels the parameter m, described in 5.6.1.2-is can be detefrmined.

5.6.4 Other acceleration models—TFime-and-event compression
5.6.4/1 General

Other|acceleration models can be found in IEC 61163-2 [10] and in [7].

5.6.4.R Time and event compression tests

In evgnt compressed tests events that dgtermine the reliability of life of the item are regeated
more pften than in the field (in use). Examples can be the number of copies in a copy mgchine
or the|number of couplings for a circuit breaker. The repetition frequency should not be sq large
that itlchanges the operating conditions, for example the test item has to cool down and stgbilize
in normal "idle" conditions befgresthe next event. For factors not determined by the numper of
eventg, see below.

In timp compressed testsy the time periods where the load from use and environment afe low
are left out of the test, feaving only the time periods that influences most the reliability or|life of
the itgm. But it hasiMe be checked if loads and environmental conditions that are omitted does
not a¢ld up to dJlsignificant contribution to the deterioration of the item. Such environmental
condifions caf typically be "off" periods where moisture and corrosion are dominant (th¢ heat
during use-Wift often reduce corrosion by reducing the relative humidity in the item). Such "off"
periodsare/typically determined by calendar time and not operating time. Separate tests may
be negded to take these loads into account, for example moisture tests or corrosion tests. These
considerations also apply to event compressed tests. (4

5.6.4.3 Step-by-step procedure for event compression and time compression tests
(Type C tests)

Step 1: determine which factors can be event compressed and how much without changing
failure modes;

Step 2: determine if the test need be added to cover the failure mechanisms that are not
determined by the number of events or are left out for time compression.

Step 3: determine which periods in the mission profile can be time compressed or event
compressed and how much (IEC 60605-2);

Step 4: estimate the acceleration factor(s) for the potential failure modes (see 5.6);

Step 5: determine the sample size (see IEC 61649);



This text is deleted since it refers to the incorrect method in Subclause 5.7.2.2.

This introduction is added to time and event compression tests.
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Step 6: perform the test (see IEC 60300-3-5);

Step 7: perform failure analysis;

Step 8: analyse test results for each failure mode separately (see IEC 61649);
Step 9: report results (see IEC 60300-3-5).

5.7 Acceleration of quantitative reliability tests
5.71 Reliability requirements, goals, and use profile

5.7.1.1 General

This material is discussed at length and in detail in other dependability standards and literature,
but, for completeness some brief explanations are included in this document.

5.71.R Product Item and component use profile

Often|the manufacturers choose to test-aproduct an item in an accelerated test that simplates
envirgnmental stresses as they are experienced in the field. Some of the-réa'sons for such tests
may dan be to verify that the previous tests (e.g. HALT) did not miss_a-failure mode that|could
appedr in life or to estimate field reliability of that-proeduct item. Therge are instances wherg, due
to spgce or performance constraints, one or more components in‘that-preduct-may item dan be
insufflciently derated which—-may will possibly not provide adequate stress versus stiength
margip. In these instances,-product item reliability-may can be highly dependent on the mlanner
of its pise, operational and environmental stresses, their combination and sequence.

A-progluet An item use profile consists of the following:

e operational and environmental stresses, their‘magnitude and sequence;

e the duration and number of sequence segments.

Thesg use profiles can be chosen from-onge of the following evaluation conditions: average use
profilg, aggressive use profile, and a spectrum of use profile conditions.

Thesg operational stresses and-séquences should be known down to the assembly, gritical
compopnents, and those components that may-need have to be subjected to accel¢rated
reliab|lity testing.

5.71.8 Reliability goals or requirements

The oyerall reliabitity goal should be expressed in terms that are acceptable and understarjdable
to the| organization or to the customer (see IEC 60300-3-4 [11]). This goal may be expressed
as a percent\failed-preducts items at the end of a specific time period (i.e. warranty)
multipgle periods. The goal may also be expressed as a warranty and/or maintenance cgst. At
times|itSis-found appropriate to express the goal reliability in terms of a mean time to failure
(MTTF i i i

Regardless of how the goal is specified, it-must has to be understood that the goal reliability is
related to the manner the item is going to be used, and that the same "number" or "reliability
measure" is different for different use profiles (operational stresses of location). Conversely,
the MTTF or MTBF of that item is only an average value representing the specific stress
combinations. For that reason, any claimed reliability values of an item should be accompanied
with the explanation of the expected use and relative degree of severity.

In cases where two or more stresses are applied to-a—produet an item consisting of several
components, the test acceleration is done by increasing each individual stress using models
appropriate for those stresses. In these cases, failure rates representing each of the failure
mechanisms are individually accelerated and the overall component reliability (R) or failure
probability (F)-has-te shall be estimated separately. This can be expressed in general form for
a combination of n independent stresses as:
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n
Requipment = HRi (37)
i=1
For the failure probability:
Lo =)
Fequzpment + ! 1\1 Fl U (35)
n
Requipment = 1_H(1_Fi) (38)
i=1
The pfoblem of competing risks is described in IEC 61649:2008, Annex G.
If an Jem consists of m components or piece parts which at any.given time are subject td a set
of n gtresses that influences all the failure modes simultaneously, then its reliability Rp in a
segment of time (part of a use profile where a specific stress combination exists) ¢, is:
m n
Ritem (Stressz; ) :H R, (Stress; x1; ) (39)

If the
reliab

Wher¢

14

st i=1 ;

J

Ritem (Stressizp) =] | H{HRF, (Stress,; x 1 )}

k=1 | j=1Li=1

e are w segments in total use profile with different stress combinations, then the total
lity of that item for a life erCother predetermined time, ¢ is:

(40)

w
o= Zlk
k=1

(41)

These equations are conservative, i.e. they-may can seriously underestimate the reliability of
the equipment.

The total average failure rate of such an item is also a function of applied stresses and uses
profile, and can be written as:
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< A ln[R,tem(Stress,tO)]
Ao (Stress,ty) =— (20)
t, o)
In| R Stress, ¢
Jayer (Stress,ig) =— [ tom ( O)} (42)

lo

For any other stress conditions or use profile, the average failure rate of the item will be

differgnt:

Relialility requirements for repairable items shall be viewed in terms of expected prev

maint
durati
maint

5.7.2
5.7.2.

Since
Most

accele¢rated are reliability demonstration, improvement,~0f. assurance tests which can be

e success tests, fixed duration;

e tests with failures, fixed duration;

o tests to failure (usually for components or'small assemblies and individual failure mo

o reliability improvement/ or growth tests,"which are usually prepared for a predetermine
pgriod;

e sequential probability ratio tests'\(SPRT) (see IEC 61124).

Engingering evaluation tests which are usually performed in view of a suspect failure mog

bnance, that is, parts of the item should be viewed separately for reliability,and th
pn for which the requirements are prepared should correspond Ao the expg
bnance time.

Accelerated testing for reliability demonstration or life tests

L Applicable test types

tests can be accelerated to shorten the test time, Certain reliability tests that c

entive
B time
ected

many tests are calendar time consuming many tests need to be accelerated.-Practfeathy

an be

jes);

d time

e can

also e accelerated provided-there is some knowledge of acceleration factors for those test

items

5.7.2.
When

and the expected orisuspect failure modes.

] Reliability-testing of-a-preduct-or an item—Cumulative- damage - model

a reliabjlity test programme is prepared in view of the reliability for the specific use

then the results’ of the test programme are valid for that specified use profile only. If reli
htes for other use profiles are-needed required for the same-preduct item, this ¢

estim
achie

use profile (see IEC 61709).

brofile
ability

In case there are multiple differences between the two use profiles, there is more chance of
model inaccuracy in adjusting the reliability estimate for the new profile. These differences
rapidly increase with complexity of the system under evaluation.

Preduet Item and component reliability in regards to operational and environmental stresses as
a function of predetermined time (life time) ¢35, can be expressed as follows:
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R(19) =Ry (10) % [ TRs; (10) < T TRe; (10) (43)

In the above Equation (43), Re(ty) denotes the reliability of the item regarding environmental
stresses for the time duration ¢, while Rg(#y) denotes the reliability regarding operational
stresses. Factor Ry(ty) is used to represent the unknown interaction or synergism of individual

environmental and/er operational stresses as determination of individual stress duration and
magnitude assumes stress independency, which in most cases-may will possibly not be a valid
assumption.

Equatlion (43) can be generalized to be written in the form:

Ns
Ritem (tO) =HRStress,- (ti) (44)
i=1

If Riteln(?p) is the—preduct item reliability goal or the—preduct item reliability requirement that

needq to be demonstrated in test, then a reliability value.may be allocated to each pf the
multigles in the expression for the-preduct item reliability. Simplified for illustration the alldcated
individual reliabilities may be assumed to be the same.

Ritem (tO) :(RStress,» (ti ))NS (49)

RStressi (ti) :NS\/RItem (tO) (46)

The allocated values to reliability regarding individual stresses differ depending on the-ptoduct
item ihtended use and(usage profile and its sensitivity to a particular environment. Besidgs the
magn|tude of stresses expected in the actual use, it is their cumulative effect that affects-poduct
item reliability. The'test duration is then calculated based on the duration of each of the stresses
appligd in actual~use, while the test acceleration is achieved by increasing the magnityde of
each pf the individual stresses or by their time acceleration.

When|the purpose of the test is to estimate reliability in the field, an average user stress profile
shoul8&—be—used—Fhis—profile—ecanbe—estimated—for—given—eclmatic—econditions—as—fer—example
Central Europe (see the IEC 60721 series). Different locations-may can have different prevalent
or extreme stresses. As an example, in some countries such as Northern Scandinavia, Canada
and Russia, low temperature-may can be one of the highest stresses, while New Mexico, Africa
and India it-may can be high temperatures. In Singapore and Japan the most pronounced stress
may can be humidity and in New Delhi it-may can be air pollution. Regarding the manner of use,
the test can simulate an average user or an extreme user (e.g. where less than 1 % of the
customers-heavily load the-preduet item more severely). It is not advisable to transfer a test
result from one environmental and user profile to another. Therefore many companies
supplement the environmental test with survival tests where the purpose of the test is to
determine if the-product item will survive a few extreme loads that are not expected to be
repeated so often that they would influence the long term reliability of the-produet item. Such
environmental tests are described in the IEC 60068 series [12].
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Often,—produets items are tested with a stress cycle in order to expose the—product item to
several stresses in combination or sequentially. ldeally, the stresses should be applied
combined and intermittent in order to simulate the field conditions as well as possible. But in
practice this is seldom possible. In order to use the test equipment in an optimum way and
make it easier to locate the stress type and level that caused the failure the test is often made
using a test cycle, for example of one week duration (see IEC 60605-2).

In the following it is assumed that the item is tested for each of the expected stresses,
operational and environmental, having in mind their levels and cumulative duration in actual
use and the corresponding total use period, ¢.

{ kxup i —Hp

[ S
~
N
(¢S]
N

3~
¢



The symbol k is used for both the design margin and for the lifetime ratio – this is not correct.


This assumes that the damage accumulation is linear (stress times time). But for temperature and vibration loads the accumulation is highly unlinear, see for example the Arrhenius equation. For example 40 hours at 100 °C accumulates more damage than 100 hours at 40 °C.

Equations 43 and 44 are only applicable to one load. There is no time dimension (t) in the equation. The equation can therefore not be used to determine the duration of a test. The paper of Milena Krasich listed in the bibliography uses the equation to determine the reliability once the strength curve has been determined by test. This is correct. But the equation can not be used to determine the duration of the test based on the design margin (load versus strength). See A.D.S. Carter: Mechanical reliability.
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Figure 8 MH“"“F'E' |E|| “'IE E.“"E:m:.' Ell.lt.ll'e load-application
The-dpration-of-each-stress-applicatioh-as-determined-above-wouldresultin-a-stress-applifation
lonaet (anproximatelvy1 4 or 1 5Gimes) than the duration-of the strece annlication-in-use
longef (approximately 1,4 or 1,5-times) than the duration of the stress application in use.
To make testing possibley the stress levels are then accelerated by applying the appropriate
accelgration factors. Thelstress acceleration type and the—preduct item specific accelefration
factorg for the various expected stresses need to be known. These-need-te can be obfained
through tests-to-failure at different stress levels for the specific components (see Annex E and
Annex F).

The apove-programme can be prepared in different forms:

as a\success test, test with no failures;

as a test with an allowed number of failures;
as a fixed duration test, but without reliability requirement, thus the reliability of the-preduct

item will be estimated based on the number of failures in the test;

IEC 61014 [13]).
Whhepts—esueeesstest the reculle sre clmply and cooy Lo interorel |1 a success fest, (he

result is a minimum reliability estimate. Without failures, the test demonstrates the reliability
requirement with applied (minimum) confidence intervals.

as a reliability growth/ or improvement test based on an assumed growth rate (see

If this test is to allow a certain number of failures, then the determination of its duration should
account for the allowed number of failures. The test then becomes the "fixed number of failures"

test.
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If the test is a reliability growth test, then the total test duration (or sample size in view of
accumulated test time) is prepared for the expected total numbers of test failures;—+, having in
mind the total duration of the applied stresses, required confidence and the required
demonstrated reliability (see-tEC-62429 IEC 61014 [13]).

5.7.2.3 Accelerated tests assuming non-constant failure rate or failure intensity

It is assumed that the failure rate or failure intensity follow the so called bath-tub curve (see
Figure 7). In the early failure period the failure rate or failure intensity is declining with time.

ThIS is covered by IEC 61163 1 [14] and IEC 61163 2 [10] In constant fa|Iure rate perlod the

10 % |stated as the B, value (see IEC 61649). An indication of whether the_fai te is
decrepsing, constant or increasing can be tested using IEC 61649 for nonc-er@';?ed itemp. For
repaired items IEC 61710 has to be used. In both cases a value of < 1 indi the decrgasing
failureg rate or failure intensity. ('O
@Q

S = 1lindicates constant failure rate or failure intensity, and g > 1(6(}}1cates increasing failure
rate of failure intensity.

Or

>
B
k5
£ Q
(0]
3
5 »
2 O
g b
5 D
2
\{‘ U Operating tin?a
Early
failure \C) Wear-out

period ‘C Constant failure rate period | failure period

S

O@

Figure 7 — Bathtub curve

NOTE Some st Qs define the life time as the time where the instantaneous failure intensity has incrdased a
numbef of time ocument uses the definition of B, the time when 10 % of the items have failed (accumulated
probab) Ilty %A . The instantaneous failure intensity therefore increases before the life time point. S¢e also
Figure i

Often i.Ubi.b areaimed-at estinatig-thetifetimre ot theTterm for exampte by estimmatimgthe B4
value. Here it is a special problem that the failure rate or failure intensity curve often has a tail
to the left from the B4, value. This means that a small percentage of wear-out failures can occur

before the B,y value. Because of the limited sample size for most accelerated tests the

probability of observing the early wear-out failures are small. An important issue in planning
accelerated tests is therefore to estimate the probability of wear-out failures before the B,

value. It is important to note that the definition of B,y only states that at the B, time the

accumulated probability of failure is 10 %. This makes no assumption if the 10 % was caused
by early failures, the constant failure period or wear-out failures.
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When the failure rate or failure intensity can be assumed constant the test can be analysed
based on the accumulated test time as described in IEC 61124. For example 77 items tested
each for 1 000 h would mean an accumulated test time of 77 000 h. To estimate the equivalent
hours of operation at operating conditions (in the field) the accumulated test hours then shall
be multiplied with the acceleration factor (4F). |8

NOTE 2 Other measures of operation like cycles, mileage or copies made can replace hours as a measure of the
test duration.

When the failure rate or failure intensity cannot be assumed constant, accumulated test hours
cannot be used to analyse the test. In that case 77 items tested for 1 000 h each would have to
be analysed as 77 independent tests each truncated after 1 000 h. In this case the 1 000 h shall
be myltiplied with the acceleration factor (4F) to estimate the equivalent duration owle test
under|field conditions. @

Comnpercial software programs often include test planning features. It is impor before|using
such programs to check if the program assumes constant failure rate or fa intensity and
whether it assumes repaired or non-repaired items or allows replacement ‘Q%aned test|items
during the test. If the program assumes non-constant failure rate ilure intensity it is
imporfant to note which g value is used or specified when using th ibull distributiop. For
including previous knowledge using the Bayes theorem see IEC 61(6

5.7.2.4 Success tests S\\<</

A sucfess test is planned to end with zero failures. Sm r% failures were observed, success
tests flemonstrate a minimum reliability for a defined ence level. No knowledge abdut the
real re¢liability (or shape parameter) can be determi é using the success test.

If the [failure rate or failure intensity is assume s% be constant, a lower 60 % confidencg limit
of an MTBF value can be estimated (see |IE 605-4 [15]).

The physics of failure interpretation of a’&’ccess test is that during the observed test time|there
were,|with a certain probability, no a@i e failure modes.

The elquations for a success t@e the following:

O@ ’ Pp=1-R()" (47)
W

éOQ‘ R(1) = (1 - P) 1 (48)
O
NS

n=1In(1 = Py) / In(R(2)) (49)

where

R(z) is the reliability at time ¢;
P, is the confidence level,
n is the sample size.

NOTE Equation (47) is often referred to as "success run".


This text is added to explain the difference between tests assuming constant failure rate and tests assuming wear-out (limited life).
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It should be noted that these equations do not use accumulated test time, but the test time for
each individual item in the test (¢). The reliability R(z) is estimated without assumptions about
the failure rate or failure intensity.

5.7.2.5 Physics of failure tests

This test is planned to evaluate or verify the reliability based on the physics of failure model i.e.
focusing on determining which failure mechanisms (if any) are active during the planned life
time of the item under the expected operating and environmental conditions.

Step 1: From an engineering evaluation determine the worst expected failure mode and find
from ' T ' ' ' %) and
the rejevant empirical factors (e.g. activation energy (E,) or m factor for the inverse p law).

operating conditions in the field (see Annex B). If possible tests should be p med at {wo or
three [different stress levels to verify the acceleration factor (see Annex E Annex F).

.

Step 2: Determine the acceleration factor (4F) between the accelerated te:tré%ggions and the

Step 3: Determine the test time ¢ required to simulate the operating tj in the field at the time
wherqg the reliability needs to be estimated for example at life time.(b

Step #: Determine the required sample size for a reliability@/and a confidence level|of Py
using|Equations (47) to (49). Q (@)

Step p: Perform the test of n samples for the testh ¢t at each stress level (one to|three

differgnt stress levels). ‘\0\‘\

%
&
a) If ho failures were observed it can.l@&tated with confidence P, that the failure mgde(s)

agsumed in step 1 are not active in t& tested items up to time ¢. In this case the accelerating
fagtor cannot be verified. \O

Step ¢:

b) If failures were observed % the test, perform a failure analysis. If the failure mopde is
b same as assumed i p 1, the probability of failure or reliability at time ¢ may be
stimated using IEC 61649 for non-repaired items and IEC 61710 for repaired items. If more
than one stress lev as used during the test, the empirical factors in the acceleration
fagtor equation be estimated (see Annex E and Annex F), and a better equiyalent
ogerating time j e field can be estimated. If the failure mode is different from the one
1 the reliability for this failure mode can be estimated using IEC 616¢49 for
ngn-repaireditems and IEC 61710 for repaired items. If more than one stress levgl was
uged duri the test, the empirical factors in the acceleration factor equation mpy be
i (see Annex E and Annex F), and an equivalent operating time in the field dan be
iated. If only one stress level was used, empirical factors from handbooks may bg used
forrfactor{- or-thatfatturemoteandestimate-theopers g time

in the field equivalent to the test time .

Step 7: Consider if, based on an engineering evaluation, the second worst failure mode should
be tested in a similar way, returning to step 1. Depending on the acceleration factor the second
largest failure mode may be covered by the initial test with an acceptable confidence. [9

A variant of this test method, the so called CALT test is described in Annex D.

5.7.2.6 Test planning based on the Weibull distribution

This test is also a success test, since it is planned to end with zero failures. The principle of the
testis illustrated in Figure 8 below. For further information see [16] and IEC 61649. If a reliability
of 90 % at 10 000 h has to be verified with 95 % confidence in a test, the procedure can be
illustrated in a Weibull plot as shown in Figure 8 below.



This text was added to include “physics of failure” tests.
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Figure 8 — Test planning with a Weibull distribution
The ppint to verifyNih a Weibull plot is 10 % failures at 10 000 h.
The Weibgilsxcurve is drawn with the assumed slope () and its 5 % and 95 % confidence|limits
are drlawin 50 that the 95 % confidence line goes through this point (10 000 h, 10 %). This means
that iflthe’test of » items each for 10 Q0Q h result in no failure g reliability of 90 % (10 % fa'lures)

have been estimated with 95 % confidence. The rationale for this conclusion is that if a failure
had occurred at exactly 10 000 h this failure had to be plotted in the point (10 000 h, 10 %).

The value of f can be obtained from previous tests of similar items, from literature or based on
engineering judgement. An example is shown in Figure 9 below. 10


This is the correct method that replaces the incorrect method described in the old Subclause 5.7.2.2. The method is based on the work of Professor Bertsche.
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Figure 9 — Example of a test based on the Weibull distribution
The pfocedure for plarning the test is described below, illustrated with a practical exampgle.
A religbility of R(20000 km) of 90 % is required with a confidence level of C = 95 %.

Step

In TalenGG 1 of Annex G find the sample size » where the 95 % median rank for the first failure
(i=1) is close to 10 %. To find the 50 % medium rank use the approximation median
rank = (i — 0,3)/(n + 0,4) (see IEC 61649), where i is the failure rank order and » is the sample
size. The median rank for n = 29 for i = 1 is found to be 9,8 %.

Step 2:

Test 29 items, each for 20 000 km. If no failure is observed the reliability R(20 000 km) has
been estimated with 95 % confidence.

NOTE If the test estimate R(20 000 km) = 90 % with 95 % confidence it will estimate R(20 000 km) = 97,6 % with
50 % confidence (best estimate), since the point 20 000 km, 2,4 % is on the Weibull line, which is the best estimate.
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5.7.2.7 Life time ratio

The life time is often defined as the time where a stated percentage of failures have occurred
for example B4, value for 10 % failures (see IEC 61649). This means that the failure rate or

failure intensity will start to increase before the wear-out period as illustrated on Figure 10.
The small sample size reduces the probability of including items that fail before the life time in
the test In order to compensate for this the test can be continued beyond the required life time
of the item. A1

-
!

[
§

Q
X

9

<

Wear-out

Instantaneous failure |ntensity

Operating tllﬁﬁ

IEC

Figure 10 — Life time and "tail®
of the failure rate or failure m@ S|ty

The ektension of the test beyond the end of the speci Ilfe time are measured as the life time
ratio 4,. The L, value is defined as: s\\§\
Life time ratio (Z,): $,\‘g\
)
A\ tTest
O L= (50)
O "

<
wherg By is the specif@@?e, for example B4g.

Succdss run forn@with life time ratio:

\(</C)é RO (1= Fa) o 1)

The necessary input for the success test with life time ratio is the Weibull shape parameter g,
which should be assumed conservatively i.e. with a value in the lower range. The assumption
can be made for example based on predecessor items or tests. Using an L, value in the test

can increase or decrease the test time as shown in Figure 11 below.


This text is added to explain the lifetime ratio.
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This

A pragtical example can be found in Clause B.4.¢More diagrams can be found in [16].

5.7.28 Consideration of failures and prior knowledge in success tests (Bayes)

This
prior

In cage of more than one fajlure the following nomogram (from [16]) can be used
nomofram gives the necessary life time ratio (L,) as a function of g, the sample size
numbegr of failures x and_the prior information (see IEC 61710).
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Figure 11 — Reliability as a function of lifeltime ratio L,
and number of test items

test is also a success test, since it is planned to_egnd with zero failures.

ip also a special kind of a successfun, where a small amount of failures is allowe
nowledge is used to reduce the,sample size.
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Figure 12 — Nomogram for test planning

A life test shall be made on an item. A life time of B,5 = 20 000 h is specified (R(20 000h) = 0,9).

Knowledge about the items from previous items are: Ry = 0,9 (with 63,2 % confidence) and the
Weibull shape parameter g = 2.

The verification should be made with P, = 85 % and »n = 5 test items.
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According to Figure 12 the life time ratio is L, = 1,25. Therefore the test time ¢4 = 25 000 h
(line (1)).

If some of the assumptions are changed the following modification to the test can be made
using Figure 12:

if

no prior information exists then n = 10 test items should be used (line (2));

if one failure occurs during the test the number of test items increases to n = 14 (line (3)).

For more information see [16].

5.7.3

Mass

their neliability measure (failure rate or other) under the use stress. To determine the appro
acceleration factors, test structures for new component technologies are (tested at s
stresq levels to failure, and the appropriate failure modes and empirical” factors fq
acceITration models are determined. The qualification method is described’in JESD47B [2
i
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An example of accelerated testing for a component is shown in Annex B.
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The accelerated test time is relevant for the estimated life of the components. It is testing to
failures that provides meaningful results while testing with no failures—may can provide
information only if the test approximates a component life with a margin. The traditional total
accumulated test time of multiple components (the total test time is a sum of all the times
accumulated on single components)-may can lead to meaningless results in predicting the
reliability beyond the actual test duration for a single component. As an example, 32 000 km on
100 tyres with zero failures-eeuld can lead to an erroneous conclusion that 36,8 % of the tyres
would last 3 490 000 km. The calculated failure rate is only valid to 32 000 km of the test. It is
possible, however, to estimate failure rates beyond the duration of test through WeiBayes
analysis, assuming a known Weibull slope (see IEC 61649).

While tronic
comppnents are normaIIy tested by the manufacturers for 1 000 h, and usuaIIy on 77
compepnents from each of three different lots. If that test is accelerated it-may _can*provide
information only for the equivalent life time (normalized to use level). The fact thatthe mpltiple
comppnents were tested does not improve the test results, only the degree of,confidencg (see
JESD#7B [2] and JESDS85 [8]).

5.7.4 Reliability measures for components and systems/items
5.7.4/ Electronic components

With ﬂectronic components, the preferred reliability measure\isthe instantaneous failurg rate
determined for standard profile conditions (see IEC 61709),

operational use profile of the-preduct item. The re-calculations are done using approlpriate

This Illows the instantaneous failure rate to be re-ealculated for the actual stresses pf the
accelg¢ration models (see IEC 61709).

This information is provided at a given environment (such as temperature as well as|other
specified stresses).

The stated failure rate is often the avenage failure rate over the-useful life time of the component,
assuming exponential time to failure. However, some electronic and electro-mechpnical
compepnents have a limited life:(wear-out). For these components,-there-is-aneed-to-estfimate
the-epd-of their-useful-life itlisinecessary to estimate their life time. Components with I|mited
life irjclude, for example; power transistors, opto-couplers, LEDs and laser diodeg, wet
electrplytic capacitors, ~varistors, light bulbs, relays, switches, connectors and batteries (see
IECHR-62380 61709).

5.7.4.2 Mechanhical components

With |mechanical components, the preferred reliability measure is the percent fdilures
determined.for standard profile conditions. Often this is stated as the operating time for a|given
perceptage of failures as for example 10 % (often denoted as By or L4q life) or 1 % fgilures

(often denoted as B, or L, life). For the estimation method, see IEC 61649.

This allows the reliability to be re-calculated for the actual stresses of the operational use profile
of the-produet item. The re-calculations are done using appropriate acceleration models.

If expressed in terms of failure rate, the failure rate is often calculated as the equivalent failure
rate calculated from the estimated probability of survival and is valid for the specified stresses;
however, this gives no information about the expected life time of the component.

5.7.4.3 Assemblies, systems (items)

The more complex items made of components (electrical and mechanical, including software)
would be best represented by expressing probability of survival or probability of failure. These
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measures allow combinations of different failure distributions and are more appropriate when

includ

5.8

ing software.

Accelerated reliability compliance or evaluation tests

Reliability compliance tests, sequential probability ratio test (SPRT) and fixed duration tests are
designed with the assumption of a constant failure rate, as the complexity of items and their
failure modes would not accommodate any other distribution unless the tests were used for the
determination of item reliability with regard to individual failure modes, which is the case for
components (piece parts).

Giver
have
the s4g

the iligil |ciia'uiiity (UI MTT+or MTBF) of-the V.uu'uvta termrs,theseteststraditi
cost or schedule prohibitive duration and need to be accelerated. As the test desig
me for repaired or replaced items as for those that are not repaired, in this Subclau

the term MTBF is used for both MTTF and MTBF.

There

are many descriptions, mathematical derivations, plot fitting and explanations of th

in the literature, however the actual tests, what they consist of andwhat stresses
plled as well as the rationale behmd them are not readlly avallable J&néepstaném

nally
S are
5e 5.8

The 4
appro
distril

wherg

to is

envirg

verage failure rate that shall be demonstrated through the test is determined fro
priate reliability equation. In its simplest form, the failure rate, assuming expor

m the
ential

uted time to failure, is as follows:
In R(to)
o o) (52)
o
the expected operating time.
The failure rate is then_accelerated using proper acceleration factors for each of the applied
trments environmental stresses and becomes:
(47)
Ty
Ns
Ip =AFrestxJg =Y | AF; [HAFk]xii (53)

i=1 k

where

Ao
An
AAF,

is the failure rate that the item has in its "in use" conditions;
is the accelerated test failure rate;

is the acceleration factor for each of the increased stresses in test;
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A; is the failure rate of the item corresponding to the specific stress;

Ng is the number of stresses.

The total equivalent test acceleration factor is then-(Krasich-acceleration-model-for-constant
fatlurerate {10} the acceleration model for constant failure rate:

>[(T14)4)

ATevt = = \ \ 20 / (48)
Ny
(414 |- 2]
PN i th 1)
Test (49)
,10 o7
Ng
AFreg; e (125 )4) (54)
4
Ng » y _ln(Ri (lo))
28| eI |-
AFTest =

The reciprocal of the accelerated-failure rate from Equation (52) will yield the MTBF, mg, which
can bge determined from tests:

A 56
Jo  In(Ro(i0)) (56)

mO:

Other parameters of the SPRT and fixed duration tests are then applied in accordance with
normal SPRT test design (discrimination ratio, producer’s and customer’s risk, etc.).

The main difference between the accelerated reliability compliance and the conventional test is
the minimum test time. This minimum test time shall not be shorter than the required minimum
test time, determined for the accelerated test which, in turn, is a function of required reliability,
the applied stresses and the test acceleration. The sample size, therefore, shall be limited so
that the minimum test time, corresponding to zero failures on the acceptance line, is equal to
or longer than the minimum required accelerated test duration for the demonstration of required
reliability.
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The SPRT is designed in the same way as the non-accelerated test; the accept and reject
criteria are established, the test plan is prepared in accordance with the accepted producer and
consumer risk, discrimination ratio, except the lower test MTTF is the reciprocal of the
accelerated failure rate. The other exception is that the-envirenments environmental stresses
are accelerated and applied in the same way as they are applied in the fixed duration tests.

An example of the accelerated SPRT is shown in Annex B.

5.9 Accelerated reliability growth testing

When reliability growth testing is accelerated, each of the stresses that are expected to be
preseprt tenTtfeTss 3 T4 i a ot fterta. The
stresdes can be applied individually, in which case it is preferred that they are distributed for
example in a test cycle, so that the cumulative effect is simulated. The preferred mannef is to
apply|as many stresses as possible simultaneously so as to include their possible“iateragtion.

SEESIRSISES ST C CIC c U UTUd cC W C CI1C O c

The duration of each applied stress is such that it represents its life application with the margin
necegsary for reliability demonstration (as shown in fixed duration tests). (Fime to failure is then
the tejst time multiplied by the appropriate acceleration factor. When t¢he’ stresses are applied
simulfaneously, then it is important to determine the cause of failure' s¢ that the proper time to
failurg can be established. Recalculated for the use time, the fajlure’times are then orggnized
in incfeasing order and one of the analysis methods used fot ‘reliability growth test type is
appligd (see IEC 61164 [17]).

When| analysis is carried out in this manner, the order.of'stress application does not skgw the
test r¢sults, as the failures are re-calculated per theif 'real time" of occurrence.

Annex B provides examples of reliability growth test acceleration and data analysis.

Seoslbodentontie s e

5.10 [Guidelines for accelerated testing
5.10.1 Accelerated testing for multiple stresses and the known use profile

When| the accelerated testing.is.prepared for the various combinations of multiple stressges, it
is important to simulate the canditions of use to the best degree possible.

The sfresses, both enVironmental and operational, are usually not applied as they occur |n life,
which| is in different.combinations in each of the specific sequences. The test stressas are
combined where pgassible for the test, but are also performed as a single stress. The thermal
cycling and thérmal exposure can be easily combined into one test, with the additjon of
operational eycling, voltage changes, applied sound power, etc. Vibration tests can be| done
h the
ocks,
P very
difficult to combine with others. In such cases, the environmental exposures are distributed so
that they can cause cumulative damage in sequence. This is done usually by splitting up the
duration of certain tests into two or even three segments, or even changing the sequence
between the exposures.

5.10.2 Level of accelerated stresses

A reasonable general rule is that accelerated stress levels should not exceed the levels at which
the physical or chemical properties of the test item-might can change.

For some tests where the intention is to understand the stress limits of the-preduct item, this
guideline does not apply. With these tests, however, it is not recommended to relate the results
to any reliability demonstration value, due to the inaccuracies of any acceleration model beyond
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the inherent assumptions. Examples of such tests are step-stress or failure mode sensitivity
investigations.

5.10.3 Accelerated reliability and verification tests

Item performance tests are often confused with certain accelerated reliability demonstrations.
It is not unusual for a customer to present the procedures along with reliability requirements.
Some even claim that if the-preseribed specified tests are performed, reliability requirements
would be met.

Verification tests are designed to verify the ability of an item to perform in accordance with the

oo X i " S o mbility
demopstration test is required dictating a particular set and length of tests with acrequired
sample size it usually does not represent a true reliability test and no demonstrated:religbility
can be claimed if that test was a success (without a failure). Even though those tests-might can
represent some duration in life, there can be no correlation made between-performance
verifidation and-preduet item reliability.

Complletion of—validation verification tests proves that the item conforms to the design
specifications so that it can perform when subject to the listed extremé stresses. The sample
size typically is inadequate for any reliability demonstration or robustness to manufagturing
variatlon, and the fact that the small item samples are subject’to-limited test sequenceg does
not allow any statements about their reliability for all stresses.éxpected to be experienged in
their yse.

6 Alccelerated testing strategy in product development

6.1 |[Accelerated testing sampling plan

For ajqualitative accelerated test (Type A test) the sample size is determined by the numper of
stresdes and the number of identified failire modes. It can be necessary for an item-mayt-have
to be [removed from the test either because the destruct limit has been found or becauge the
item ig-needed necessary for failuré.(mode) analysis. In some cases the item may be repaired
and the test continued. Therefore a number of spare modules and spare parts shoyld be
availgfble during the HALT-test.\But it is recommended not to count on a repair being pogsible.
Thergffore the test should be planned for at least one sample per stress type. For a classical
HALT|this means one for.cold temperature, one for high temperature, one for vibration, one for
tempgrature cycling and ‘one for combined temperature cycling and vibration. In total this is five.
To acpount for morelthan one failure mode another two to five samples are recommendé¢d, so
the tofal recommended sample size is seven to ten items. If that number of items is not available
repains-must can’be made during the test.

For a] quantitative accelerated test (Types B and C tests) the number of items are rainly

determinéd by whether the purpose of the test is to estimate the average constant risk
(expoﬂema—mvmmmmmmm—mm—wm%ﬂme (life

time) for the items.

For the exponential case the advantage is that the accumulated test time can be increased by
increasing the sample size as the accumulated test time is calculated as sample size multiplied
with test time. In this case it is assumed that testing one item for 1 000 h gives the same result
as testing 1 000 items for one hour each. Obviously this is not the case. Therefore both the
sample size and the test time-have need to be chosen so as to have a realistic picture of the
failure mode (time to the different failure modes) as well as the differences of strength from
item to item (number of samples in the test). A typical sample size for an accelerated component
testis 77 samples for 1 000 h (see JESD47B [2]). For the exponential case, test plan standards
like IEC 61123 and IEC 61124 can be used. If a weak distribution is suspected the sample size
should be so large that at least one weak item is with high probability expected in the test. The
accumulated test time can be multiplied with the estimated acceleration factor in order to
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estimate the equivalent number of operating hours in the field. The average failure rate can be
estimated using IEC 60605-6 [18].

For the case where the purpose of the test is to estimate the time to failure (life time), the test
time-havete shall be long enough to give enough time to estimate the time to failure for the
different failure modes. Each failure mode has to be calculated separately (see IEC 61649 and
IEC 61710). For a test analysed using the Weibull distribution at least five to ten failures should
be expected. Since a Weibull test is often stopped once one third of the tested items have failed
the sample size should be 15 to 30 items. If more than one failure mode is expected these
numbers should be-multiplied increased with the expected failure modes. If a weak distribution
is suspected the sample size should be so Iarge that at least one weak |tem is with high
d the
sample size should be at Ieast 30 |tems In order to reduce the test trme and the numper of
items| that fail (e.g. are destroyed) during the test, sudden death test can besused (see
IEC 6[1649).

6.2 General discussion about test stresses and durations

Often|the test methods of the IEC 60068 series [12] are used. These, standards give different
test severities but no guidance on which severity to use. Some guidance’ can however be|found
in the|IEC 60721 series.

When| comparing test conditions with field conditions it will seldom be possible to simula]te the
field qonditions since they vary with user, climatic conditions, etc. Therefore representafive or
worst|case conditions-have-te should be chosen. Some(tests operate with the term "devere
user" |which is a user defined so that only a small percentage, for example 1 % of the psers,
operates the-product item under higher stress conditions.

When| testing for life time, for example using adest of Type C, the test is usually extended to
more [loading cycles or longer time than the-produect item is expected to encounter in th¢ field
in order to take into account the variationsiin the stress and strength distribution and ensure a
propef confidence in the estimated reliability. This is called multipliers of the stress durafion or
life time ratio L, (see 5.7.2.7 and Annex B).

Since|the conditions of usage\vary from user to user, geographically and over time the test
condifions have to be simplified. For practical reasons the stress types are often applied in
sequgnce instead of simultaneously. If the stress types are tested on different samples the test
will ngt detect the effect'of interactions between the stress types. Therefore it is recommeénded
to combine stresses when possible. However, this usually requires more complicate and
experjsive test equipment. When stress types are applied sequentially it is important to combine
the stfesses to test cycles where the different stress types are applied in sequence for example
during one day or one week. This test cycle is then repeated the required number of times. It
will o
labora
the te
very reproducible, but will not simulate the conditions in the field, where the angle at which the
produet item hits will be random.

6.3 Testing components for multiple stresses

Normally components are tested for each stress type separately (see JESD47B [2]). However,
in some cases, a combined test is used in order to test for the combined effect of stresses. One
example is preconditioning of components by exposing them to three times a thermal cycle
equal to the soldering profile. Even though the component is not soldered in this
preconditioning, the temperature cycling affects the interior of the components in a way similar
to the soldering process. Another example of a combined test is thermal cycling after a moisture
sensitivity level test to see if delamination in the components propagates (see-JEDEC-JESD-
AH13-{23}1ard JEDEC-STD-A104-B-[281 JESD22-A113 [19] and JESD22-A104 [20]). Often the
component testing will target a specific failure mode in order to verify that the failure mode is
not present in the component, or the time to failure is acceptable. Component tests are often
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made on test structures instead of on functioning components in order to save test effort and
qualify the technology used for a family of components. For components accelerated tests of
Types B and C are recommended, unless the component test is done as a part of root cause
investigation in which case Type A tests eould can be recommended.

6.4 Accelerated testing of assemblies

Assemblies are often tested for each stress type separately. But since there are more
interactions possible in an assembly than in a component, combined stresses are more
important for assemblies. Often assemblies have a size and a function suitable for a HALT test
since HALT tests often do not work well with small items (components) or large items (systems).

For iﬁmwmwumw% n the
maximum applicable stress in a Type B or C test is determined by the weakest component in

the agsembly.

6.5 |[Accelerated testing of systems

Systems are often tested with combined stresses using tests of Types B-and C. Often |these
stresdes are combined in a test cycle. If the components and assemblies have been fested
previqusly, the test on system level will mainly test the integration of\the components and the
assemblies. Usually the system will also include embedded softwate ‘and this-have-te shall be
taken|into account in the test (see IEC 62429). In many cases, the exponential time to failure
aSSU{ption is made since the sample size is small and ideally_there should be no failufes or

only g few failures in the test. Often tests on system level aré.used for reliability growth testing
(see I[EC 61014 [13] and IEC 61164 [17]-andtEC-62303);

6.6 |Analysis of test results

For qualitative accelerated testing (Type A tests)‘the result is the failure mode and the ptress
condifions at which they were observed. A thorough failure analysis is required to find the root
causg of the failure and estimate by an engiheering evaluation if the failure mode-eeuld can
occur| at lower stress levels in the field 'due to the variations of the strength and stress
distrigutions (see 5.1.1.2). The purpose of the HALT test is to identify the few weaknesges in
the-pHeduect item that need to be improved for the whole-preduet item to be sufficiently rpbust.
The tgsts of Type A do not give an-estimate of life time or failure rate for the-preduct iten).

For quantitative accelerated tests (Types B and C) the acceleration factor-has—te shpll be
estimated to link the testtime with the equivalent time in the field. Each failure modeﬁa&te
shall pe analysed separately. Therefore a failure analysis is required for all failures. Fgilures
need to be classified.ds relevant or non-relevant. The non-relevant failures are those fdilures
that cgnnot happenin the field, this includes failures caused by error of the test equipmgnt or
from {he operation of the test equipment. Once an estimate has been made for each failure
mode|observed, the failure probability and time to failure can be added to estimate the failure

probaEiIity of the-preduet item as a function of time (see 5.2.2.1) based on the relevant faflures.

Statisfical tools that can be used for analysis include IEC 61123, IEC 61124, IEC 60605-6 [18],
IEC 6 C 52303 and IEC 52429

7 Limitations of accelerated testing methodology

There are several major limitations to accelerated reliability testing methodologies shown in the
following list (which is not exhaustive):

¢ Determination of acceleration factors is very complex and can be cost and time prohibitive.
Thus, accelerated testing duration and reliability results (values), which are dependent on
acceleration factors, have limited precision.

e |t-may can be very difficult at times to speculate which stresses contribute in combination
to a specific failure mode and to what degree. Therefore the acceleration factor for combined
influences also-may can be over or underestimated.
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e |tems to be tested-may can be too large, or too expensive. In either case, the sample size

may be limited for a reasonable confidence level in test.

e Test equipment, which includes automated test monitoring,-may can be too complex
affordable or manageable.

e Some means of test acceleration—may will possibly not be attainable because of

to be

large

thermal masses of the tested items or because of limited stress rating. Thus testing can also

become time and cost prohibitive due to lack of efficient acceleration.

e In HALT, the number of test samples is frequently-not-larger-than-one small, and-may will
possibly not be representative of the average strength of all of the items, so that its destruct

design limits-may can also be different, pointing to wrong conclusions. An opposite case is

al ;
samples.

e Infcomponents testing, usually the curves are constructed based on times to fajlure
thpse are used for determination of test acceleration and for information_6n compg
reliability. When the components are small and have failed catastrophically (burn
greatly changed physical properties), it often is not possible to determine in which f{
mode they did fail, therefore, the results—may can be fitted with theCwrong distribd
repulting in the wrong reliability information.

o Adcelerated testing of items yields information on only stresses{and their combinatioj
are considered for test preparation. The test results cannot be used if the-produet i
uged in a different manner or in different environments. A re-test would be required.

e THhe results of quantifying reliability through acceleration—may—net cannot alwa
predictive on an individual-preduet item since it-may can operate at different stress
than was tested.
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Annex A
(informative)

Highly accelerated limit test (HALT)

A.1  HALT procedure

Table A.1 illustrates the differences between classical accelerated tests and HALT tests.

[est type Sample size Test time Number of failures Adatysis|
Classjcal test Large (typically 30 Very long (months) Zero or few failures The-testis plapned
to 60) (typically less than s6 alobserved
5) failtres shouldlbe
pelevant for fie|d
conditions
HALT|test Small (typically 10) Very short (days) Several failuges Each failure sHall
(typically 10-qr be analysed to|
more) evaluate whether it
is relevant for field
conditions

Figurg A.1 illustrates how FMEA (see IEC 60812 [6])gives input to HALT and receive results
from HALT. One advantage of HALT is that it can identify failure modes that were not exgected
when [making the FMEA.

------------------ FMEA -y e I T N
— d 0 —= Design of functional tests |
System definition ! : T
l | Thermal steps (Cold/Heat) I
Identification of potential 1 g *
failure modes } |
T 1 ! | Rapid thermal step |

mode.on the system

Rallure mode prioritization L | Combined step I

Effect of‘each failure | 5 ; ‘
J ; | Vibration step |

—>| Corrective action |
Figure A.1 — How FMEA and HALT supplement each other
A.2 HALT step-by-step procedure
A typical procedure for HALT is as follows:
Step 1: Determine the stress level where the test will be stopped if the unit under test (UUT)

has not failed.
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Step 2:

Step 3:

Step 4:

Step 5:

Step 6:

Set-up: mount the UUT in the HALT chamber and make the necessary connections

for power supply, signals in and out, connections to monitor the function of the

UUT,

etc. The stress level on the UUT should be monitored by sensors (e.g. temperature

sensors, accelerometers—ete:). Care should be taken that the connection

S can

survive the stresses applied in test. In some cases part of the UUT that need not

be exposed to high stresses, are placed outside the chamber, so HALT
applied to them.

is not

The item should be mounted to the HALT vibration fixture so that the desired
vibrations or shock profiles are applied to the UUT without being significantly
dampened. The fastening or fixture should not protect the UUT from rapid air
movements in the chamber. In some cases it-may can be necessary to remove

cannot survive the high temperature or vibration acceleration during the‘test.

Initial testing: the UUT-must shall be functionally operational priomto HALT.

monitoring devices also need to be tested for their proper functionality. Conne
to the UUT also need to be checked for their integrity and capability to with
the stresses in the HALT chamber, for example high air flow.

Increase the applied stress to the desired level. If the UUT is contind
monitored, the stress level-ean may be increased ¢ontinuously. If conti
monitoring is not possible, the stress levels-have ¢ shall be increased in

—mm#tm—mwmmmtwﬂ t-may
can also be necessary to remove plastic enclosures or parts/ or componenfs that

The
ctions
stand

ously
huous
s5teps,

allowing the UUT to stabilize at each level before-it{is functionally tested to gather

the possible failure information (if a failure didioccur). The stress level ig
reduced to see if the function of the UUT is resumed, possibly after a reset.
functionality resumes, then the stress level where the UUT stopped functior
the operating limit (OL).

The stress level is increased until thes\UUT can no longer resume functioning
when the stress level is decreased,,This stress level is the destruct limit (O
some cases the function can bexesumed when the stress is removed even t
there is a permanent damage (e\g. a crack). Therefore a so called detection s
is used where the UUT is subjected to a weak vibration level during the fung
testing to activate intermittent failures. The UUT is then inspected and if necq
removed from the test*Chamber so that enough information can be collec
determine the failure-mode, and if possible the root cause of the failure. In
cases the UUT wijll ke permanently removed for failure analysis. In that case

then
If the
ing is

even
L). In
hough
creen
tional
ssary
ed to
some
a new

UUT should be mounted and the test continued. Where possible the fault in th¢ UUT

should be repaired, and the weak part of the design should be strengthened
by support(orfilling material) or protected (e.g. by directing cool air to the pd
or isolating the item against cold air as relevant). In some cases the part
weaker\design can be protected from the high stress or even moved out of th
chamber with connections to the rest of the UUT inside. In this way the test g
bée._allowed to continue to find the next weakest part of the design.

Continue until the DL has been found or the limit determined in Step 1 has
reached.

(e.g.
sition
of the
e test
hould

been

Step 7:

Repeat the procedure from Step 2 to Step 6 with another type of stress (e.g. hot

air).

NOTE The traditional HALT uses the following sequence of stresses: low temperature, high temperature and cycling
between high and low operating temperatures.

Step 8:

Step 9:
Step 10:
Step 11:

Repeat Step 2 to Step 6 with cycling between UOL and LOL. Thermal cycling should

avoid failure modes observed at temperature stress steps, therefore the ope
levels UOL and LOL are used.

rating

For the traditional HALT now repeat Step 2 to Step 5 with vibration/ or shock pulses.

For the traditional HALT combine thermal cycling (Step 8) and vibration (Step 9).

Repeat Step 2 to Step 5 for the combined stresses.
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Step 12:  Perform failure analysis to determine which failure modes-may can occur at lower
stress in the field use. Estimate the margin of the design taking into account the
worst field conditions and the variations in the manufacturing processes.
Step 13:  Report result. When the design improvements are implemented, it is recommended

for the UUT-s to be retested, if possible, to verify improvement (IEC 60300-3-5).

Depending on the type of-preduct item and its sensitivity, the order of test stresses can be
changed.

A.3 Example 1 — HALT test results for a DC/DC converter
Examples in Table A.2, Table A.3 and Table A.4 are from [21].
The OC/DC converter is designed for installation in an aeroplane.
Table A.2 —-Summary of HALT-test results for a DC/DC converter
EXposure Result Remarks Possible cause Action
Low temperature LOT -70 °C (start- Weakness: Unstable stdrt-up of | None
up) start-up unstable 5V and3,3 V at low .
temperatire Limit of technglogy
LOT -76 °C
(operation) Characteristics
changed — Ripples
LDT Not found
High {emperature UOT +125 °C Weakness: 12 V Internal temperature | Limit set in soffware
disappeared limit causes
UDT Not found shutdown
Vibrafion OVL 294,3 m/s? Loose screw Screw too loose Apply Loctite 2
RMS .
Unstable voltage Hand-solder failed Solder procesdes
588,6 m/s? RMS
VDL 588,6 m/s?
RMS
Tempgrature No weaknesses
cycling—70-=°C found afterymore
to+1235°C than 20 cycles
—65 °C to +120 °C
4 min|to 10 min
dwell ftime
Comblined vibratien 3 components fell Review-of
and t¢mperaturge off PWB produsction fixing
cycling 40 g RMS; processes
50 g RMS and
60 g RMS Problems with 5 V
70.° P DC Further
investigation
—-65 °C to +120 °C required
SOURCE: Reference [21], reproduced with permission of the authors.

NOTE To enable the DUT to be tested during the test the levels in the combined vibration and temperature cycling
test has been reduced.

2 Loctite is an example of a suitable product available commercially. This information is given for the convenience
of users of this document and does not constitute an endorsement by IEC of this product.
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A.4 Example 2 — HALT test results for a medical-product item

- 73—

The medical-preduct item is designed for diagnostic use at a hospital.

Table A.3 — Summary of HALT results for a medical system

5°Cto+55°C

and +80 °C

490,5 m/s?2 RMS
and
-20 °C

490,5 m/s?> RMS
temp. cycle

490,5 m/s?2 RMS
temp. cycle

Unable to start

Two functions
unstable

SW — battery?
Module defect
Filter failed

Further examin
required

Exposure Result Remarks Possible cause Action
Low temperature LOT -35 °C —20 °C. Output Error not found but
(module) unstable. similar problems
. R seen in production
LOT 0 °C -35 °C. System at +10 °C
stops
(FL)
LDT Not found
High {emperature UOT +59°C Stops after Oscillator failufe
switching task.
+60 °C T6 be“analysed
Fan does not start. .
+70 °C Component failure
3,3 V shorted.
UDT Not found To be analyseq
Keyboard error .
+60 °C Component failure
+70 °C
UDT Not found
Vibrafion OVL 49,05 m/s? Keyboard error Component as |at
RMS Output not updated #70°C
OVL 196,2 m/s? ; Reworked
RMS Lines on screen component
No keyboard PP
OVL 490,5 m/s? response Loose capacitgr?
RMS Capacitor and gable
Front end error loose
VDL 294,3 m/s?
RMS Mp#tule stopped Crystal defect
4 transmitters defect
Short in filter
Tempgrature No weaknesses
cycling—20-°C-teo found after\6,5
+859C 5 °C to cycles
+ 55 9C.
10 mip dwell time
Comblined vibratigh 98,1 m/s2 RMS and Module stopped Troubleshooting
and t¢mperature
cycling 3PO g RMS, temp. cyclze Keyboard error ?ec;gtp%qleer:jt angd
i
40 g RMS,and 294,3 m/3| RMS Module stopped
50 g RMS temp. cycle ) ) No test possible
Canmguage ciarge
—-20-°Cto+85°C 294,3 m/s2 RMS

ation

SOURCE: Reference [21], reproduced with permission of the authors.

NOTE To enable the DUT to be tested during the test the levels in the combined vibration and temperature cycling
test has been reduced.
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When the top 10 list of field failures were compared to the failures found during the HALT test
it was seen that all failures except one had also been found during the HALT test. The failure
that was not found was due to this part of the-preduct item not being tested in the HALT chamber

[21].

A.5

The modules were designed for use in a Hi-Fi equipment for domestic use.

HALT test results for a Hi-Fi equipment

Table A.4 — Summary of HALT results for a Hi-Fi equipment

294,3 m/s?2 RMS

VDL 343,35 m/s?
RMS

1 component failed

FXposure Result Remarks Possible cause Action
Low temperature LOT -55 °C Noise during . None
LDT Not found ghange from radio
High {emperature UOT Not found Test stopped at None
UDT Not found :;g&°f§i|i$: to test
Vibrafion OVL 245,25 m/s? 5 components failed Mounting of
RMS components

Tempgrature cycling
-85 5p °C to
+100C

30 mip dwell time

10 cygles

Incipient stress
symptoms at salder
joints of heavy
components“(not
critical aften 10
cycles)

Solder joints
analysed

Comblined vibration
and t¢mperature
cycling 10 g RMS,
20 g RMS,

30 g RMS,

40 g RMS and

50 g RMS

55°f 140-°C
-50 °C to +100 °C

Probfems regarding
CD playing at low
temperature

Mounting of 2
components

SOURCE: Reference {217, reproduced with permission of the authors.

NOTE

To enabfte the DUT to be tested during the test the levels in the combined vibration and temperature
test hap bgen reduced.

cycling

For

re detaitedimformmatiomsee {211
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B.1

Annex B
(informative)

Accelerated reliability compliance and growth test design

Use environment and test acceleration

To successfully design an accelerated reliability test it is necessary to have a good knowledge
of the intended use environment, environmental and operational profile of the-preduet item, and
product item design capabilities. Acceleration of various stresses is a well estab

techn

ished

que published in the literature, books and articles. They are based on the assun

that the test demonstrates the strength of-a-preduect an item regarding the applied environn

and o

perational stresses, and shows whether the-tested-preductfitem UUT did have'a r

failurg (success/ or life test). When using such tests, the design can be improyvéd to with

these
tha A

stresses (reliability growth test). This methodology is briefly discussed in-Clause B.2

tatled-explanation ofthe resultant data analysis methodologyv-is-explainéd-in Claus

nption
nental
blated
stand
Lwhile

B-8
B-O.

LLEASZI® A~

B.2

The-p
opera
For a

T O CAP aratooOr—tic Festhtant-aataana Yoo metioTOrogy o CAPIA C O oraus

Determination of stresses and stress duration

tional stresses, thus its overall reliability is the product 6f individual respective reliab
predetermined life 7y,preduct item reliability is thep written as:

S
Ritem (tO) = HRStressl- (ti)

In thg above equation Rgiregs,; denotes reliability of the—preduet item regarding indi

stresges (operational or environmental). Environmental stresses here are those cl
(thermal exposure, thermal cye¢ling, humidity, the ramp rate of the use temperature, etc
dynanpic (vibration — random_oér sinusoidal or both, shock — such as potholes for veh
transgortation, door slam, etc.). Their application and levels depend on-—produet itern
envirgnments environmental stresses, average and extreme. Other stresses related to-pi
item gperation which"vary with the use profile, are included in the group operational stre

Exam
variat

bles of suchtoperational stresses are: ON/OFF cycling, power stresses; and v
ons;ete.

For the testj.a reliability value is allocated to each of the multiples in the expression f
item reliability. The aIIocated values to reliability regardmg |nd|V|duaI stresses

roduct item is expected to be reliable regarding each ofthe applied environmental and

lities.

vidual

matic
) and
icles,
n use
oduct
sses.
bltage

br the
differ
licular

envirorment environmental parameter. Rellab|l|ty value also-must should be allocated to the
interaction factor. The nominal duration of the test for the actual stresses is calculated based
on the cumulative damage model and the stress-strength criteria. Here the equivalent test
damage occurs by increasing the magnitude of each of the individual stresses, all within the
maximum design limits of the-preduct item.

In this accelerated reliability test to simulate real life exposure, all of the test units (n) are subject
to each of the stresses in the entire test sequence.
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Equations B.3 and B.4 use the design strength and design stress (the design margin). But this has nothing to do with the test stresses. Here it is clear that the equation is only valid for one load (there is no time dimension (t)). Accumulated damage will result in the strength curve moving to the left, or being truncated because the weakest items fail. In both cases Equations B.2 and B.3 are not valid anymore.
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Regardless of the reliability demonstration test type, the main principle is the failure rate

acceleration:

—~~
w
(0]

Ng
In =AFrest x Ao ZZ[AFiHAFk Xﬂi]

i=1 k

(B.2)
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where

Ao is the failure rate that the item has in its use conditions;

An is the accelerated test failure rate;

A-AF, is the acceleration factor for each of the increased stresses in test;
A; is the failure rate of the item corresponding to the specific stress;
Ng is the number of stresses;

The total equivalent test acceleration is:

.HAFk is the product of the acceleration factors of stresses affecting the failure ma
|k

de .

Simpl

i=1 /
Arpy = o (B-7)
2 In(R; (,)
A-TT14 | o5
4 = i=1 \_ k [N o 1)
Test /IO (88)
e _Zi:1(AEXHkAFk“i) (B.3)
Test %
In(R; (¢
Ns ( i ( 0))
L {AFI' “LLef {_ 0 (B.4)
AFTest - /10
fied’by assumption that equal reliability can be allocated to each of the stresses:
Ri(t;)= Rs (o) = "3/Rot0)
J; = g = const. (B.5)
j0 = NS X’ls
Ns
S 4| < 2 ]
__ EANY [£0]
Mg =R~ 2 (8:40)
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Then the overall acceleration factor becomes:

|

=
-

B.4

B.4.1

The rgliability compliance tests in IEC 61124 are’based on the assumption of the co

failure
failure
the tg
replag

In thi

1, singe no wear-out is assumed-But L, is retained in the equations to enable computati

cases

In ead
and c
envirg

4 —

F/
SN
e
-
5N

Alest —
Ng 4

Il
=~

N,
1 S
AFTest :N—SX Z[AF; X HAFkJ

i=1 k

Example of reliability compliance test design assuming constant failu
rate or failure intensity

General

rate or failure intensity. The primary measure of reliability in these tests is mean t
, MTTF, or mean time between failures; MTBF; therefore, these tests are applical
sts without replacements or repairtof the failed units as well as for the testg
ement or repair of the tested units.

example constant failure rateor failure intensity is assumed and the life time-ratig

assuming non constant-failure intensity. 43

h case, the tests\are based on requirements or goals for reliability as well as for pro
istomer risk or'eonfidence in the test results. Table B.1 represents an example of th
nment for aniautomotive electronic device.

uy]
.__\
-

(B.7)

hstant
me to
le for

L,is
bns of

ducer
e use



A number of calculating errors are corrected in this example. It is calculated with a lifetime ratio of 1 to allow comparison between tests assuming constant failure rate and tests assuming wear-out (lifetime ratio different from 1).
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Table B.1 — Environmental stress conditions of an
automotive electronic device

Parameter Symbol Value
Required life t 10 years = 87 600 h
Required reliability Ry(t,) 0,8
Time ON ton 2 h/day =7 300 h
Temperature ON Ton 65 °C
Time OFF {oFF 22 h/day = 80 300 h
Temperature OFF Torr 35 °C
Thermal cycling AT oo 45 °C, twice a day
Total cycles Nyse 7 300
Temperature ramp rate & 1,5 °C/min
Vibrations, random Wise 16,68 m/s?2 RMS
Relative humidity RH g 50 %
Activation energy E 1;2-eV 0,7 ey ~or moisture 0,9 eV

The software program used to calculate this example uses®0jtzmann’s constant kg as 8,63 x 107%¢
hnce with [22].

To enlsure as much synergy among different stresses as possible, it usually is the pract

apply
allow.

multiple stresses during the same test, . as’many as the test set-up equipment or fa
Thus it is often the case that the thermal cycling is combined with the thermal exp

operational cycling and the applied power:iln those cases, the stresses are distributed g
they gre spread throughout the duration~of such a test. Those tests for which it is not po
or prdctical to perform simultaneously with others, such as humidity and often vibration
reconjmended that the tests are eyenly distributed so that the cumulative damage of the
on the¢ units corresponds to that@xperienced in use.

K="in

ice to
Cilities
bsure,
o that
ssible
, itis
stress

For the example given in Table B.1, where the required 10 year reliability was 0,8, the
corregponding MTBF is:

- o __ B-12)
In(Ro (1)
lo 2020000
ASASASASA-A~A N | B-8
" (ko (0)) 58

Depending on how many failures are experienced in the test, if the SPRT test plan A.10 from
IEC 61124 is used, the minimum test time is 3,23 times the MTBF, meaning it can be required
that the test duration be 1 268 008 h. If there were 20 test units, then the test would have to
continue through for about 63 400 h = 7,2 years (a cost and schedule prohibitive endeavour).
Therefore accelerated testing is used.
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The reliability of the item regarding each of the stresses is:

Ri(to) = [Ro(to)) 4 = 0,946 (B.9)

This example uses the stress conditions shown in Table B.1.

1,00
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m b2
AT,
NTP\'szng‘k.(ﬂ\W (&W

\ Alreg / \ STest }
Ny, =452 cycles

ATyse =45°C;

—~
o
._A
N

Ttest =105 °C to -20 °C (the 105 degrees consists of a chamber temperature of 85 °C and
a 20 degree temperature rise in the UUT when ON);
ATtest =105 +(20) = 125 °C;
SUse = 1,5 "C/min;
ETest =10 °C/min;
m =1,9;
m 1
ATyse J (CUse J3 B.10
N- =Nge X Ly X X .10)
Test Use ™ v ( ATTest CTest
Ntest| =557 cycles.
B.4.3 Thermal exposure, thermal dwell
Normalize the duration at the OFF temperature to_ the ON conditions:
S ———
tONN:tON+[OFF'eXp_, | P o 8.15)
- [_ g \forr "E=TV LON ! ""’/J
-fmag-zsms-
15N =ON HOFE XEXP Ea L - L B.11)
ONn ON OFF kB TOFF +273 TON +273 '
fong T 15055 h.
Calculate the necessary accelerated test duration:
¢ s £, ( 1 L \ (B-16)

— 163

o =ton N eXP
by \ T,y +273 T

Test

+273 )



https://iecnorm.com/api/?name=adc4a3daa201534f213c37a823219cdd

IEC 62506:2023 CMV © IEC 2023 - 83 -

E 1 1
t =t L, xexp| ——2& B.12
Trest ~'ONy ™ v ™ p{ ks X(TON 1273 Trog +273H (B.12)

., = 1188 h.

For stress synergism, combine the thermal exposure with the thermal cycling, distributing the
thermal exposure over the high temperature of the thermal cycling to determine thermal dwell
at the high temperature.

tT_Test .
=037 h—22:3in- B.17)
NTest ’
tTD :tTTest
A%%t
trp = 2,13 h = 128 min B.13)

With the ramp rate measured on the device of 10 °C/minyand the stabilization time at high and
low tgmperature of 5 min the duration of the thermal‘eycle will be:

tre = 2 x(ramp time) + (stablization'time + thermal dwell) + dwell at cold

25 B-18)
trc =2 10 +223+5=523min=0,875 h
trc = 2x(ramp time)+(stabilization time+thermal dwell) + dwell at cold
t7="2 x (125/10) + 128 + 5 =158 min = 2,63 h B.14)
B.4.4| Humidity
- £ (RHlsg\hVA I E(l ( 1 1 \1_ /B 10\
RH _Test _Test ON_N LRHT@:J P kB kTON+273 TRH+273) (B}

h=23
IRir_rest =300

This test is performed at RH1o¢; = 95 %, and temperature, Tgry = 85 °C.
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The duration of humidity exposure is equal to the normalized temperature exposure, ION_N-

h
RH :LV XION X RHuse xXexp é>< L — L (815)
Test N RHTest kB TON +273 TRH +273
with
h = 3;
Ep =T0.9;
tRHTest =392 h.

wherg parameter % is the exponent for the power law humidity acceleration factor.

Since| the humidity test also contributes to the thermal dwell damageOthere is a nded to
compensate for this. Equation (17) can be used to estimate the equiyalent of 392 h at 85 °C at
a temperature of 105 °C. This is 118 h that need to be subtracted fromrthe 1 188 h. Distributed
on 55[ cycles this means that the 105 °C dwell in each cycle hag to be reduced by 13 min out
of the| 128 min. 14

B.4.5 Vibration test

The required kilometre age for ten years was 240 000’km, which translates into 150 h pgr axis
vibratlon at 1,7 g RMS:

Wee | =F-g+-ms:
Woppss | =32+

k%5
W w
YVib_Test — % “Vib_Use L B-20)
WTest
With:lw = 4
yp 7o) =18 hours per-axis
Wise| = LEGRMS;
Wrest| 532 g RMS;
L, =1,0.
w
My
Wib Test =Lv X tvip USGX[W SeJ (B.16)
Test
with
w =4;

tyib Test = 12 h per axis.


This text is added to make the computations more correct. In practice the difference is not significant given the other uncertainties.
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Vibration, when accelerated, shall have the same profile (same frequency content) as when not

accelerated. A different vibration profile would not allow a meaningful acceleration.

B.4.6 Accelerations summary and overall acceleration

For the four tests accelerated in B.4.2, B.4.3, B.4.4 and B.4.5 (the number of stresses Ng = 4),

the acceleration factors are as follows:

ATUse " SUse % k- NUse
A = : = =247

AVESw Ce Ny
k-t
Ay = exp| ——% b1 =— N _s51
kg \Topr +273 Toy +273 I Test
A =[RHUseJexp —ﬂ[ b1 J _Ktov v
i RH 7, kg \Toy+273  Tpy +273 IRH Test
w
k-ty;
AVib _ ( WUse J _ Vib _Use _ 12,6
WT est ZLVib _Test
N
AP =—NUSe =—7535070 =131
Test
IoNg\." 15055
AFtp = =188 =127
TTest
1
Al =2 _ 2825 =384
"RHrest
ARy = Vibyse 11520 _125
tVibTest

=437

w
o
—_—

B.17)

B.18)

B.19)

B.20)

To determine the overall acceleration factor, it will be assumed that vibration and thermal
cycling are stresses that would accelerate the same failure modes, while thermal exposure and

humidity would accelerate another failure mode.

The overall acceleration factor would then be:

g Arc X Ayip + Ay X Agp

AA
= UaJ

~

iy
N
N
N——

S
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((AFTC X AFVib) +(AFRH X AFTD ))
Ng

AF =

AF = 162,86

(B.21)

(B.22)

It is irm&&&m&aﬂ&adi&e&mhﬁmn.ﬁuﬁﬂaﬂ.m&ﬂmﬂﬂﬂmﬂof the
accelgration factors, which would provide an overly estimated overall test acceleration 'of:

ASP :ATC XAVib ARH ATD :6,92X105 823)
AFgp = AFye x ARy x AFqyy x AFyp = 8,05x10% B.23)
Itis intuitively apparent that this standard practice acceleration\is’extremely unrealistic anf-may
can lgad to grossly erroneous reliability conclusions.
The afcceleration of test then produces the following result:
In[R
% —_ Il[ O(tO)] 4 2,22.10—6
1 0 B.24)
= IRy 464.40-
lo
Or using MTBF :
S=St95~-8> hoars

6., =608,7 hours

In[ Ry (10) ]

fo

Iest =— x AF = 4,16x10~*

(B.24)

(B.25)
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Or using MTBF:
0y = 3,93 x 10%h

Orest =2 416 h

The compliance test shall then be designed for the above MTBF as a requirement. However,
the test will not have to demonstrate the very high required MTBF, 6, = 3,93 x 105 h, but owing
to the test acceleration, the MTBF about 163 times lower, i.e. by, = 2 416 h or 100 days. But

the cglendar duration of the test is determined by the number of thermal cycles (557 |times
2,63 h = 1464 h or 24 days. To this, the humidity test of 392 h or approximately@a s and

the vipration test lasting 3 x 12 h have to be added. In total approximately 43 cal dpys.

Accorfding to IEC 61124 Test plan A.10, the minimum test time (0 fallurea?qﬁ 23 tim¢s the
MTBH to be verified, assuming a discrimination ratio D = 1,5 and the supplierland customer risk

o = = 20 %. If 20 items are tested in the accelerated testing reqwred mirfimum
accunpulated test hours is 7= 3,23 x 2 416 = 7 804 h. With 20 ite ih the test the calendar
duratipn of the compliance test is 390 h (16 days). For comparlson Clause B.5 the tegt time
with three items to test would be 807 h (34 days). 45

&

5

2z ¢
|



This text is added to explain the difference between a test assuming constant failure rate and a test assuming wear-out.
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This example is deleted since it is based on the incorrect method.
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Example of reliability compliance test design assuming non-constant
failure rate or failure intensity (wear-out)

In this example the same data as in Clause B.4 are used. But since possible wear-out should
be taken into account in the test, the life time ratio is different from 1. Assuming three items for
test (» = 3), and g = 2,0 Figure 11 gives a life time ratio L, = 1,5 for a probability of acceptance
C =80 % (20 % risk) and a minimum reliability R = 80 % (20 % failures at the end of life). The
factor L, shall be included in all the equations ((B.10) to (B.16)). This has been chosen in order

to facilitate the use of the example for different L, values (L, = 1 as well as L,, different from 1).

But in

this case it is easier to multiply the accelerated test time with the L, factor.

Assur]
the it

m (87 600 h). Note that all three items in the test shall be tested for 131 40

accunhulated test time cannot be used in this case. With the acceleration factor

calen

NOTE
Clause|

jar test time would be 538 h — 22 days to verify an item life of 10 yearsQ

I The life time ratio L, = 1,5 has been selected so that it is not necessary to Qz}alculate all equa
B.4. But it does not mean that the method in IEC 62506:2013, Clause B.2 w?@ect

hing O failures during the test, the required test time is 1,5 times the specified Iigi\}ﬂlne for
=162

nge the
,86 the

ions in



This text is added to show the difference between a test assuming constant failure rate and a test assuming wear-out.
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Annex C
(informative)

Estimating the activation energy, Ea

2023

The following example illustrates how the activation energy can be estimated based on a test.

To estimate the activation energy for a typical component like a power amplifier (size 5 mm x
5 mm x 2 mm), and a typical failure rate of 90 FIT in operating condition, the supplier should,
for example, test:

[

e an

can be calculated as 1 146 FIT;

e an

can be calculated as 3 465 FIT.

If all 1
linear

a strajght line, the Arrhenius equation applies, and the activatier energy £, is the slope

straig

. 5jO components for one year at 100 °C and observe one failure. The failure rate.c

Iculated as 228 FIT;
other 300 components for one year at 125 °C and observe three failures. The failun

other 300 components for one year at 140 °C and observe nine failures. The failur

ailures are caused by the same failure mode the three failufeyrates can be plotte
tlog plot. If the three data points, with an engineering approximation can be modelle

ht line as shown in Figure C.1 below:

n[A(1)] <A 7))

o1

Ty T

Ea =kB><

an be
e rate

e rate

d in a
d with
of the

(C.1)
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Figure C.1 — Plotting failures to estimate the activation energy E,
From fthis example it can be clearly seen that'estimating the activation energy is very timg¢- and

resou
failure
mode
on te
then

user

mode

rce consuming. The activation energy should be estimated for each of the sign
modes active in the component..Jherefore the activation energies for the different {
5 are usually only estimated farta new component technology. Often these tests are
5t structures and not on functional components. The estimated activation energig
sed for all components-manufactured using that component technology; therefo
f components should get information on the activation energy of the dominating 1
s) from the compongent manufacturer.

ficant
ailure
made
s are
e the
ailure
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Annex D
(informative)

Calibrated accelerated life testing (CALT)

D.1 Purpose of test

The purpose of a calibrated accelerated life test (CALT) is to estimate the reliability or life time
of-a—produet an item based on three accelerated tests of a few samples. The procedure is

adapted from GMW8758 [23]. There exists commercial software that supports the method.

D.2 | Test execution

Step

Step 2
Step 3

Step 4

-2

Step !
Step 6
Step T

Step 8

Step 9

Based on an engineering evaluation determine the maximum stress level that can
be applied in the test without the item failing immediately or aften'a’very shor{ time,
or fail with a failure mode not expected in the field. This stre§s, level will be higher
than the normal stress level and outside the specifications/for the item.

Select a stress level of for example 90 % of the level identified in Step 1. This|is the
high stress level.

Test at least two-preduets items at the stress level'determined in Step 2 and rfecord
the number of cycles to failure or time to failurecfor each item.

Make a failure analysis of the failures observed in Step 3. If all items fail with the
same failure mode then continue with Step’ 5. If more than one failure mode is
observed the test should continue with.Step 5 hoping that Step 5 will identify the
dominant failure mode so the non dominating failure mode(s) can be treated as
suspended items (see IEC 61649).

Reduce the stress level of Step:2 with for example 10 %. This is the medium ptress
level.

Test at least two-products.ifems at the stress level determined in Step 5 and ecord
the number of cycles to failure or time to failure of each item.

Identify the dominating failure mode and check that it is relevant for the fdilures
expected in the field.

Plot the failures observed in Step 3 and Step 6 in-a two Weibull plots and detgrmine
the characteristic life for the two test samples (see IEC 61649). Plot on]y the
dominant failure mode and treat any deviating failure modes as suspended [tems.
If therelis more than one significant failure mode the test-has-te shall be performed
and\analysed for each failure mode separately.

Plot the two characteristic lives against the stress levels on a log-linear scalg if the
Arrhenius model is expected to be relevant or on a log-log scale if the inverse power
law model is expected to be relevant.

Step 10

Step 11

Step 12

Step 13

Extrapolate the line through the two points in the plot down to the expected stress
level in the field.

Select a stress level that is as close as possible to the expected stress in the field
taking into consideration the trade-off between the following two factors: The stress
level should be as close to the expected worst case operating conditions ("the
severe user") in the field as possible in order to reduce the risk of the extrapolation.
On the other hand the stress level should be as high as possible in order to reduce
the test time. The chosen stress level is called the low stress level.

Test at least two-produets items at the stress level determined in Step 11 and record
the number of cycles to failure or time to failure of each item. If more samples are
available it is recommended to test them at this stress level.

Ensure that the same failure mode is dominating the tests at all three stress levels.
Other failure modes are regarded as suspensions in this analysis (see IEC 61649).
If more than one failure mode is significant they should be analysed separately.
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Step 14

Step 15

Step 16
Step 17

Plot the failures observed in Step 12 in a Weibull plot and determin

e the

characteristic life for the test samples (see IEC 61649). Plot only the dominant

failure mode and treat any deviating failure modes as suspended items. If th

ere is

more than one significant failure mode the test-have need to be-performed-and

analysed for each failure mode separately.

Plot all three characteristic lives on the plot made in Step 9 and superimpose the

best fit linear regression line through these three points. Extrapolate the line
expected stress level in the field.

Read the expected characteristic life at the expected stress level in the field.

to the

Estimate the empirical factors of the acceleration model based on the regression

Step 18

Step 19

Step 20

||||||

Transpose the cycles/ or time to failure for the data points from Step 8 and Sf
to the expected stress level in the field, using the relevant acceleration
equations. There will be a different accelerating factor for each datapoint.

In the remaining analysis the data points estimated in Step 18™are plotte
Weibull plot (see IEC 61649) as if all the items were tested at the expected
level in the field. That means that the cyclest or time to failure are the tim
number of cycles estimated in Step 18 and the sample sizéis the total num
items tested including those that were suspended.

Add the confidence limit to the Weibull curve plofted in Step 19 and reg
relevant reliability/ or time to failure at the expectéd-stress level in the field f
tested items.

ep 14
model

l in a
stress
es/ or
ber of

d the
or the
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Annex E
(informative)

Example of how to estimate empirical factors

IEC 62506:2023 CMV © IEC 2023

A certain component type has been tested with temperature shock. A group A of 22 samples
was tested between —40 °C and +85 °C. One in this group failed after 700 cycles and-16 2 after
1 000 cycles. A second test has been performed on 21 samples between —40 °C and +150 °C.
In this second test group B, 4 failed after 300 cycles, 10 after 400 cycles, and an additional-5 3
after 500 cycles. The failure mode in all cases was delamination in one of the layers. The

identical failure mode indicates that \Weibull distribution should be :\pplinr’l for data nnnly SiS.
Data yas analysed using the graphical method with a goal that the test data could béfitted with
straight lines where the slope would provide the values of shape parameter, and‘the value of
intercept would yield the value of the scale parameter. The derivation of this graphical method
starts|from the probability of failure:
—(Cjﬂ (E.1)
F(c) =1-e \" '
wherg
¢ isthe number of thermal cycles (the variable);
p isthe shape parameter;
n is|the scale parameter.
The npumber of cycles to failure is plotted in a Weibull diagram according to IEC $1649
(see Kigure E.1). Two Weibull curves.‘@are parallel with a shape parameter S valpe of
approximately-4 6. This also indicates that it is the same failure mode in the two tests.
The gquation for the probability(of failure is rearranged to ultimately derive a straight line as
follows:
W
1-F(c)=e V"
&
1 _ el
1-F
(c) (E.2) tqd (E.5)
r . 1 B
In ' =<
[“F(C)J LnJ
In{In 1 :ﬂxln(c)—ﬂxln(n)
1—F(c)
F(c) is determined as the median rank of numbers of failures:
i —0,3
F(e)=- (E.6)
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where

i is the cumulative number of failures at the observed number of cycles;

n is the total number of items in test.

The data is shown in Table E.1.

Table E.1 - Probability of failure of test samples A and B

c Fyle) Fgle)
300 0 200025 0 172 9
400 0,668224 0,640 19
500 0,8084414 0,780 47
700 0,031 25
1000 0,120 536

Inte} InfiPH-F (e} | fnPHE-Fotel}

5703782 -1494715295
5;991465 0;098302188
6:214608 0502231166
655408 | -3-449903552

For dgta plotting see IEC 61649 -The Weibull plot is shown in Figure E.1.
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Figure E.1 — Weibull graphical data analysis
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Equations of the linear data fit show values of the shape parameters-as based on the slope,
and the intercept is the negative-product item of the shape parameter and the logarithm of the

scale parameter.

o~
~—

]
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Slopep of the two lines fitting test data have very similar values, confirming that the failure
modep were indeed identical. The cemmon value of the shape parameter is found to be:

£=6,0
From [the plot, the scale parameters determined for the two tests are as follows:

np = 1600 cycles

ng = 420 cycles

The thermal cycling acceleration, 4F 9y 125 between AT = 190 °C and AT, = 125 °C is:

m
APy =| A A (E.7)
BATA ATA B

Solving for the exponent m, which is a characteristic of the test items:



Figures are removed to make the example shorter and easier to understand.
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In this example, the value of parameter m is calculated to be

To d
Equa

m=3,19

on (E.9):

ATz Y"
n(AT) =ng X( A]I?j

To calculate the scale parameter corresponding to the therrhal cycling in use of AT =50 °

for th

¢ temperature cycling range of 50 °C (in use), the pt@bability of failure as a function

numbegr of cycles is given by the following Equation (©.10):

319

1901?
50) = 420 —~
7(50) X(5oj

n (50) = 29 700

Itermine a scale parameter for any temperature range of thermal cycling, A7
i

C and
of the

E.10)
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Annex F
(informative)

Determination of acceleration factors by testing to failure

Failure modes and acceleration factors

Single acceleration factors are most meaningful when expressing the process acceleration of a
single failure mode. The overall acceleration factor from one set of combined stresses to

anoth

A single stress type is applied at several (a minimum of three) levels, each on a singte
of components. The test duration is determined by components’ failures, i.e. the test con
until all or the majority of components fail. Times to failure are recorded (for each

comp
const

levels], and the values are then fitted with a function which is best fitted-for the values

functi

stresq levels determines the acceleration factor.

F.2

A voltpage acceleration factor was determined for a semiconductor (power transistor) by f{

er is determined in the same manner as described in 5.5.

bnents at each of the stress levels, and the appropriate failure(distribution
ucted. The scale parameters of those distributions are plotted for- each of the

bn of the applied stress levels. The ratio of the scale parametef_versus the ratio

Example of determination of acceleration factor

group
inues
bf the
S5 are
stress
as a
of the

est at

three voltages as shown in Table F.1.
Table F.1 — Voltage test failure,data for Weibull distribution
Faijure no. and Time to failure F(r) In(z) In(In(1/(1-F[?)))

voltage h

27V 100 0,07 4,61 -2,66
D 27V 180 0,16 5,19 -1,72
3 27V 240 0,26 5,48 -1,20
27V 290 0,36 5,67 -0,82
b 27V 335 0,45 5,81 -0,51
5 27V 377 0,55 5,93 -0,23
y 27V 420 0,64 6,04 0,03
B 27V 450 0,74 6,11 0,30
b 27 W 470 0,84 6,15 0,59
o027 v 485 0,93 6,18 0,99
1 26V 600 0,07 6,40 -2,66
2 26V 1100 0,16 7,00 -1,72
3 26V 1580 0,26 7,37 -1,20
4 26V 2030 0,36 7,62 -0,82
5 26 V 2 430 0,45 7,80 -0,51
6 26 V 2 810 0,55 7,94 -0,23
7 26V 3 160 0,64 8,06 0,03
8 26V 3 460 0,74 8,15 0,30
9 26V 3710 0,84 8,22 0,59
10 26V 3910 0,93 8,27 0,99
1 25V 1800 0,07 7,50 -2,66
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Failure no. and Time to failure F() In(z) In(In(1/(1-F(z)))
voltage h
2 25V 3 500 0,16 8,16 -1,72
3 25V 5000 0,26 8,52 -1,20
4 25V 6300 0,36 8,75 -0,82
5 25V 7 450 0,45 8,92 -0,51
6 25V 8 450 0,55 9,04 -0,23
7 25V 9 300 0,64 9,14 0,03
8 25V 10 080 0,74 9,22 0,30
b 25V 10 730 0,84 9,28 0,59
0 25V 11 330 0,93 9,34 0;99
The dpta was plotted as a Weibull distribution, as shown in Figure F.1, and the’trend lineq were
drawr]. A good linear fit indicated that the times to failure were Weibull-distributed, and the
procegs was the same (very similar shape parameters), meaning that\the failure mechpnism
was the same.
2 /| %
/
/
/
/
/
/
1 L
» =18085x—14418 /
/
26V u
3 ° b
| /m
I 7
o ‘m
= /
= /
= o |
£l_4 /./
-
*
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P R, 25V
-3
3 4 8 9 10
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Figure F.1 — Weibull plot of the three data sets
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From the equations shown in Figure F.1, the three values of the scale parameter were
determined using Equation (F.1):

7 =exp|—— (F.1)
a

where ¢ and b are the parameters of the linear equation y = ax + b



Figures are removed to make the example shorter and easier to understand.
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Equation (F.1) and Figure F.1 we get:

n(25 V) = 8 673,3

n(26 V) = 2 899,7

n(27 V) = 387,2

The acceleration factor therefore is:

Note

The v

Takin

Using

Q

AF(25V to 26 V) =8673/2899,8 =2,99 C)®

Q>
AF(26 V to 27 V) =2 899,8 / 387,6 = 7,48 q/Q
Jo
AF(25V to 27 V) =8 673/ 387,6 = 22,37 <O
hat AF(26 V to 27 V) = AF(25 V to 26 V) x AF(26 V to 27&3 2,99 x 7,48 = 22,37
A\

hlues of the scale parameter n as a function of volta%;@ determined as a power fur

O
logn (V) = Bx Q
n s\\}{<

Insert

%
&
j logarithm two times gives the Iinea§function:
R\
Iéi@ogq(V)) =—mlogV +logB
<
o
regression on th@ﬂ(’:tion, the values of the regression parameters can be found:
@O m =5,5182
§ B =2,1537 x 108
& log B = 8,333 2

ing the values in Equation (F.3) gives:

log(log (7)) =—5,5182log¥ +log8,3332

With Equation (F.5) the  values for different voltages can be predicted.

(V)= AF <1059

2023

ction:

(F.2)
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Annex G
(informative)

Median rank tables 95 % rank

Table G.1 — Median rank tables 95 % rank

Rank 95 % ranks
order Sample size
1 2 3 4 5 6 7 8 9 10

1 95,00 77,64 63,16 52,71 45,07 39,30 34,82 31,23 28,31 45,89
2 97,47 86,46 75,14 65,74 58,18 52,07 47,07 42,01 39,42
3 98,30 90,24 81,07 72,87 65,87 59,97 654,96 §0,69
4 98,73 92,36 84,68 77,47 71,08 65,51 g0,66
5 98,98 93,72 87,12 80(/A 74,86 g9,65
6 99,15 94,68 88789 83,12 17,76
7 99,27 95,36 90,23 g5,00
8 99,36 95,90 91,27
9 99,43 96,32
10 99,49

Rank 95 %Yanks

orddr Sample size

11 12 13 14 15 16 17 18 19 20

1 23,84 22,09 20,58 19,26 18,10 17,07 16,16 15,33 14,59 13,91
2 36,44 33,87 31,63 29,67 27,94 26,40 25,01 23,77 22,64 21,61
3 47,01 43,81 41,01 38,54 36,34 34,38 32,62 31,03 29,58 8,26
4 56,44 52,73 49746 46,57 43,98 41,66 39,56 37,67 35,94 34,27
5 65,02 60,91 57,26 54,00 51,08 48,44 46,05 43,89 41,91 40,10
6 72,88 68,48 64,52 60,96 57,74 54,83 52,19 49,78 47,58 45,56
7 80,04 75,47 71,30 67,50 64,04 60,90 58,03 55,40 53,00 q0,78
8 86,49 81,90 77,60 73,64 70,00 66,66 63,60 60,78 58,19 §5,80
9 92,12 87,71 83,43 79,39 75,63 72,14 68,92 65,94 63,19 g0,64
10 96y67 92,81 88,73 84,73 80,91 77,33 73,99 70,88 67,99 g5,31
11 99,53 96,95 93,40 89,60 85,83 82,22 78,81 75,60 72,61 g9,80
12 99,57 97,19 93,89 90,33 86,79 83,36 80,10 77,03 74,13
13 99,61 97,40 94,32 90,97 87,62 84,37 81,25 78,29
14 99,63 97,58 94,69 91,54 88,36 85,25 82,27
15 99,66 97,73 95,01 92,03 89,01 86,04
16 99,68 97,87 95,30 92,47 89,59
17 99,70 97,99 95,55 92,86
18 99,72 98,10 95,78
19 99,73 98,19
20 99,74
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Rank 95 % ranks
order Sample size
21 22 23 24 25 26 27 28 29 30
1 13,29 12,73 12,21 11,73 11,29 10,88 10,50 10,15 9,81 9,50
2 20,67 19,81 19,02 18,29 17,61 16,98 16,40 15,85 15,34 14,86
3 27,06 25,95 24,92 23,98 23,10 22,29 21,53 20,82 20,16 19,53
4 32,92 31,59 30,36 29,23 28,17 27,19 26,27 25,42 24,61 23,86
5 38,44 36,91 35,49 34,18 32,96 31,82 30,76 29,77 28,84 27,96
6 43.70 41.98 40.39 38.91 37.54 36.26 35.06 33.94 32.89 31,90
7 48,74 46,85 45,10 43,47 41,95 40,54 39,21 37,97 36,80 35,70
8 53,59 51,55 49,64 47,87 46,22 44,68 43,23 41,87 40,60 39,39
9 58,28 56,09 54,05 52,14 50,36 48,70 47,14 45,67 4429 42,99
10 62,81 60,48 58,32 56,29 54,39 52,62 50,95 49,38 47,90 46,51
11 67,19 64,75 62,48 60,32 58,32 56,43 54,66 53300 51,43 49,94
12 71,42 68,87 66,49 64,24 62,14 60,16 58,29 26,54 54,88 q3,31
13 75,50 72,87 70,39 68,06 65,86 63,79 61,84 60,00 58,25 96,61
14 79,43 76,73 74,18 71,76 69,49 67,34 65,30 63,38 61,56 q9,84
15 83,18 80,44 77,84 75,36 73,01 70,79 68,69 66,69 64,80 g3,01
16 86,76 84,01 81,37 78,84 76,44 74,36 71,99 69,93 67,97 g6,11
17 90,12 87,40 84,75 82,20 79,76 /743 75,21 73,09 71,07 g9,15
18 93,22 90,59 87,98 85,43 82,97 80,60 78,34 76,17 74,11 712,13
19 95,99 93,54 91,02 88,51 86(05 83,67 81,38 79,18 77,07 715,05
20 98,28 96,18 93,83 91,41 88,99 86,62 84,32 82,09 79,95 717,89
21 99,76 98,36 96,35 94,1Q 91,77 89,44 87,15 84,91 82,75 g0,67
22 99,77 98,43 96,50 94,34 92,10 89,85 87,63 85,47 g3,37
23 99,78 98,50 96,65 94,57 92,41 90,23 88,08 g5,98
24 99,79 98,56 96,78 94,78 92,69 90,58 §8,50
25 99,80 98,62 96,90 94,97 92,95 90,91
26 99,80 98,67 97,02 95,15 93,19
27 99,81 98,72 97,12 95,31
28 99,82 98,76 97,22
29 99,82 98,80
30 99,83
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List of comments

This text is changed to make the figure easier to understand.

A number of equations are retyped due to change of symbols and correction of errors.

This text is deleted since it refers to the incorrect method in Subclause 5.7.2.2.
This introduction is added to time and event compression tests.

The symbol k is used for both the design margin and for the lifetime ratio — this
correct

is not

is assumes that the damage accumulation is linear (stress times time)i\\ B
t¢gmperature and vibration loads the accumulation is highly unlinear, see (for ex

ut for
ample

the Arrhenius equation. For example 40 hours at 100 °C accumulates moré-damage than

1P0 hours at 40 °C.

quations 43 and 44 are only applicable to one load. There is no timeydimension (t)
efuation. The equation can therefore not be used to determine the duration of a tes|

in the
. The

ppper of Milena Krasich listed in the bibliography uses the .equation to determirle the

reliability once the strength curve has been determined by test. This is correct. B

ad versus strength). See A.D.S. Carter: Mechanical reliability.

is text is added to explain the difference betweef/tests assuming constant failur,
d tests assuming wear-out (limited life).

is text was added to include “physics of fajlure” tests.

is is the correct method that replages’ the incorrect method described in th
ubclause 5.7.2.2. The method is based on the work of Professor Bertsche.

This text is added to explain the lifetime ratio.

Equations B.3 and B.4 use the design strength and design stress (the design margin
this has nothing to do with:the test stresses. Here it is clear that the equation is only
for one load (there is no time dimension (t)). Accumulated damage will result in the str
clhrve moving to the left, or being truncated because the weakest items fail. In both
Elquations B.2 and-B:3 are not valid anymore.

A number of calculating errors are corrected in this example. It is calculated with a li
ratio of 1 toSallow comparison between tests assuming constant failure rate and
apsuming-wear-out (lifetime ratio different from 1).

his téxt is added to make the computations more correct. In practice the difference
gnificant given the other uncertainties.

o

ut the

uation can not be used to determine the duration of the test’based on the design margin

e rate

e old

)- But
valid
ength
cases

etime
tests

is not

This text is added to explain the difference between a test assuming constant failure rate

and a test assuming wear-out.

This example is deleted since it is based on the incorrect method.

This text is added to show the difference between a test assuming constant failure rate and

a test assuming wear-out.
Figures are removed to make the example shorter and easier to understand.

Figures are removed to make the example shorter and easier to understand.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

METHODS FOR PRODUCT ACCELERATED TESTING

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical commlttees (IEC Natlonal Commlttees) The object of IEC is to promote mternatlonal

Stapdardization (ISO) in accordance with conditions determined by agreement between the two organizations.

2) Thg formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interrjational
conjsensus of opinion on the relevant subjects since each technical committee, has”representation ffom all
intgrested IEC National Committees.

3) IEQ Publications have the form of recommendations for international use and)are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensurejthat the technical content|of IEC
Puljlications is accurate, IEC cannot be held responsible for the way/in” which they are used or for any
misjnterpretation by any end user.

4) In ¢rder to promote international uniformity, IEC National Committees undertake to apply IEC Publications
trarjsparently to the maximum extent possible in their national and.regional publications. Any divergence between
any| IEC Publication and the corresponding national or regionahpublication shall be clearly indicated in th¢ latter.

5) IE(Q itself does not provide any attestation of conformityslndependent certification bodies provide conformity
assessment services and, in some areas, access to |IE€ ‘marks of conformity. IEC is not responsible for any
seryices carried out by independent certification bodies.

6) Al

7) No [liability shall attach to IEC or its directors,-€mployees, servants or agents including individual expefts and
memmbers of its technical committees and IEC\National Committees for any personal injury, property danpage or
other damage of any nature whatsoever, "whether direct or indirect, or for costs (including legal feqs) and
expenses arising out of the publication,)use of, or reliance upon, this IEC Publication or any other IEC
PuRlications.

isers should ensure that they have the latest edition of this publication.

8) Attgntion is drawn to the Normative~references cited in this publication. Use of the referenced publicafions is
indispensable for the correct appli¢ation of this publication.

9) IEQ draws attention to thetpossibility that the implementation of this document may involve the usg of (a)
patent(s). IEC takes no pasition concerning the evidence, validity or applicability of any claimed patent r|ghts in
respect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), which
may be required to_implement this document. However, implementers are cautioned that this may not represent
thellatest information,°which may be obtained from the patent database available at https://patents.iec.¢h. IEC
shall not be held xesponsible for identifying any or all such patent rights.

IEC 6R506 <has been prepared by IEC technical committee 56: Dependability. It [is an
Internrtional Standard.

This second edition cancels and replaces the first edition published in 2013. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) references have been updated;

b) symbols have been revised;

c) errors in 5.7.2.3 and Annex B, mainly, have been corrected;

d) calculation errors in the examples of Annex B and Annex F have been corrected.
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The text of this International Standard is based on the following documents:

Draft Report on voting

56/2000/FDIS 56/2016/RVD

2023

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this International Standard is English.

This Jocument was drafted in accordance with TSO/TEC Directives, Part 2, and developed in
accorflance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement,tavdilable
at www.iec.ch/members_experts/refdocs. The main document types developed/by IEC are
described in greater detail at www.iec.ch/publications.
The cpmmittee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in thé)data related {o the
specific document. At this date, the document will be
e regonfirmed,
e withdrawn, or
e reyised.

IMPORTANT - The "colour inside"” logo on the’ cover page of this document indidates

that

it contains colours which are considered to be useful for the correct understanding
of it$ contents. Users should therefore print this document using a colour printer,
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INTRODUCTION

Many reliability or failure investigation test methods have been developed and most of them are
currently in use. These methods are used to either determine product reliability or to identify
potential product failure modes, and have been considered effective as demonstrations of

reliability:
e fixed duration,
e sequential probability ratio,

o reliability growth tests,

o te
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ests, although very useful, are usually lengthy, especially when the product reliabili
be demonstrated is high. The reduction in time-to-market periods as wellras Comp
ct cost, increase the need for efficient and effective accelerated testing. Here, the

y that
btitive
tests

ortened through the application of increased stress levels or by increasing the spéed of

ation of repetitive stresses, thus facilitating a quicker assessment.and growth of pi
lity through failure mode discovery and mitigation.

are two distinctly different approaches to reliability activities;

p first approach verifies, through analysis and testing,‘that there are no potential {
pdes in the product that are likely to be activated, during the expected life time
pduct under the expected operating conditions and\usage profile;

p second approach estimates how many failures<can be expected after a given time
p expected operating conditions and usage, profile.

oduct

ailure
bf the

under

ach is associated with qualitative accelerated testing, where the goal is identificafion of

brated testing is a method appropriate for‘both cases, but used quite differently. T?—ie first

ial faults that eventually can result*in product field failures. The second approach is

iated with quantitative acceleratedtesting where the product reliability may be esti
on the results of accelerated.simulation testing that can be related back to the use
nment and usage profile.

brated testing can be applied to multiple levels of items containing hardware and sof
bnt types of reliability, testing, such as fixed duration, sequential test-to-failure, su

mated
of the

ware.
ccess

eliability demonstration, or reliability growth or improvement tests can be candidates for
acceIIrated methods. This document provides guidance on selected, commonly
rated test types. This document should be used in conjunction with statistical tesft plan

brds such<as'|EC 61123, IEC 61124, IEC 61649 and IEC 61710.

The delative merits of various methods and their individual or combined applicabi

evalu

hting a given system or item, should be reviewed by the product design team (inc

used

ity in
uding

hods.
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For each method, consideration should also be given to the test time, results produced,
credibility of the results, data required to perform meaningful analysis, life cycle cost impact,

compl

exity of analysis and other identified factors.

In this document the term "item" is used as defined in IEC 60050-192 covering physical products

as we

Il as software. Services and people are however not covered by this document.
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METHODS FOR PRODUCT ACCELERATED TESTING

cope

This document provides guidance on the application of various accelerated test techniques for
measurement or improvement of item reliability. Identification of potential failure modes that
can be experienced in the use of an item and their mitigation is instrumental to ensure

dependability of an item

The o
on ite
comp
repair
durati
differ

bject of the methods is to either identify potential design weakness or provide-inforn

essed or accelerated period of time. This document addresses accelerated testing o
able and repairable systems. It can be used for probability ratio sequential tests,
bn tests and reliability improvement/growth tests, where the measure’ of reliabilit
from the standard probability of failure occurrence.

nation

m reliability, or to achieve necessary reliability and availability improvement;-all within a

f non-
fixed
y can

This document also extends to present accelerated testing or production screening mgthods

that Wwould identify weakness introduced into the item by manufacturing error, whic
omise item reliability. Services and people are however not covered by this documgnt.

comp

2 Normative references

The fqllowing documents are referred to in the textin such a way that some or all of their c

N can

bntent

constitutes requirements of this document. For @ated references, only the edition cited agplies.
For Undated references, the latest edition. 'of the referenced document (including any

amen

IEC 6

IEC 6
condi

IEC 6

IEC 6

IEC 6

iments) applies.

D300-3-5, Dependability’management — Part 3-5: Application guide — Reliabilit
jons and statistical test principles

D605-2, Equipment reliability testing — Part 2: Design of test cycles
D721 (all-parts), Classification of environmental conditions

1123:2019, Reliability testing — Compliance test plans for success ratio

D050-192 — International Electrotechnical Vocabulary (IEV) — Part 192: Dependability,
availdble at http://www.electropedia.org

y test

IEC 61124:2023, Reliability testing — Compliance tests for constant failure rate and constant
failure intensity

IEC 6

1649:2008, Weibull analysis

IEC 61709, Electric components — Reliability — Reference conditions for failure rates and stress
models for conversion

IEC 6

1710, Power law model — Goodness-of-fit tests and estimation methods

IEC 62429, Reliability growth — Stress testing for early failures in unique complex systems
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3 Terms, definitions, symbols and abbreviated terms

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60050-192 and the
following apply.

ISO and IEC maintain terminology databases for use in standardization at the following
addresses:

o |EC Electropedia: available at https://www.electropedia.org/

e ISP Online browsing platform: available at https://www.iso.org/obp

NOTE | Symbols for reliability, availability and maintainability measures follow those of IEC 60050-192,| where
availabje.

3.1.1
activation energy
Ea
empir|cal factor for estimating the acceleration caused by a change_in absolute temperatpre

Note 1[to entry: Activation energy is usually measured in electron volts per degree Kelvin.

3.1.2
detection screen
low sfress level exposure to detect intermittent faults

3.1.3
event compression
incregsing stress repetition frequency to be at.considerably higher levels than it is in thef(field

3.1.4
highly accelerated limit test
HALT
test of sequence of tests intended to identify the most likely failure modes of the produgt in a
defingd stress environment

Note 1[to entry: HALT is sometimes spelt out as the highly accelerated life test (as it was originally named inj error).
However, as a non-measurable accelerated test, it does not provide information on life duration, but on the magnitude
of stregs which represents_the limit of the design.

3.1.5
highly accelerated stress audit
HASA
proceps{monitoring tool where a sample from a production lot is tested to detect potfential
weakmnessSes in a product caused by manufacturing

3.1.6

highly accelerated stress screening

HASS

screening intended to identify latent defects in a product caused by manufacturing process or
control errors
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3.1.7
item
subject being considered

Note 1 to entry: The item may be an individual part, component, device, functional unit, equipment, subsystem, or
system.

Note 2 to entry: The item may consist of hardware, software, people or any combination thereof.

Note 3 to entry: The item is often comprised of elements that may each be individually considered. See "sub-item"
(IEV 192-01-02) and "indenture level" (IEV 192-01-05).

Note 4 to entry: |EC 60050-191:1990 (now withdrawn; replaced by IEC 60050-192:2015) identified the term "entity"
as an Bnglsh synonym, wWhich 1S not true for all applications.

Note 5to entry: The definition for "item" in IEC 60050-191:1990 (now withdrawn; replaced by IEC 60050-192:2015)
is a degscription rather than a definition. This new definition provides meaningful substitution throughqut this
document. The words of the former definition form the new Note 1 to entry.

Note 6 [to entry: In this document people and services are excluded.

[SOURCE: IEC 60050-192:2015, 192-01-01, modified — Note 6 to entrythas been added.

3.1.8
life time
<of a hon-repairable item> time interval from first use until userréquirements are no longgr met

Note 1[to entry: The end of life time is usually called failure of the component.

Note 2|to entry: The end of life is often defined as the time where a specified percentage of the componenis have
failed, jor example stated as a B, or L,, value for 10 % accumulated failures.

3.1.9
precipitation screen
screeping profile to precipitate, through failure, conversion of latent faults into revealed faults

3.1.1¢
step-stress test
test i which the applied stress\is‘increased, after each specified interval, until failure occurs or
a predetermined stress level is‘reached

Note 1|to entry: The ‘interval’ could be specified in terms of number of stress applications, durations, |or test
sequences.

Note 2[to entry: The'test should not alter the basic failure modes, failure mechanisms, or their relative prevalence.

[SOURCE: IEC60050-192:2015,192-09-10]

3.1.11
test acceleration factor

ratio of the stress response rate of the test specimen under the accelerated conditions, to the
stress response rate under specified operational conditions

Note 1 to entry: Both stress response rates refer to the same time interval in the life of the tested items.

Note 2 to entry: Measures of stress response rate are, for example, operating time to failure, failure intensity, and
rate of wear.

[SOURCE: IEC 60050-192:2015,192-09-09]

3.1.12

time compression

removal of exposure time at low or deemed non damaging stress levels from a test for the
purpose of acceleration
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3.2 Symbols and abbreviated terms
ADT accelerated degradation test(ing)
AF acceleration, acceleration factor
AFTegt oOverall acceleration in a test

CALT calibrated accelerated life testing

Bio life time, the time where 10 % of the items have failed
C confidence

CD compact disc player in a HiFi equipment

DL destruct limit

DSL design specification limit

FIT failure in time (failure per 10° hours)

HALT highly accelerated limit test

HASA highly accelerated stress audit

HASS highly accelerated stress screening test
HAST highly accelerated stress test

L load

L, life time ratio

LDL lower destruct limit

LDT lower destruct temperature

LOL lower operating limit

LOT lower operating temperature

LRTL lower reliability test limit

MTBR mean operating time between failures
MTTH mean operating time to failure

oL operating limit

OVL operation vibration“imit

Pp acceptance probability

PDF probability.density functions

PWB printed ‘wiring board

R(2) reliability as a function of time; probability of survival to the time ¢
RTL reliability test level

S strength

SL specification limit

SPRT sequential probability ratio test

to time denoted time 0

L a specified time, e.g. life

THB temperature humidity bias test
TTF time to failure

UDL upper destruct limit

uDT upper destruct temperature
UoOL upper operating limit

uoT upper operating temperature
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upper reliability test limit

unit under test

vibration destruct limit

failure rate as a function of a stress

failure rate as a function of time
eneral description of the accelerated test methods

Cumulative damage model

Accel

the it¢m in its life cause progressive damage that accumulates throughout the item-life

dama

The s
testin

stresq.

je can, or not, result in an item’s failure in the field.

j, cumulative damage equivalent to that expected in the item’s life forthe type of exp
The determination of item destruct limits, without reliability-Jestimation, prg

inforn

ation on whether there exists a sufficient margin between those, destruct limits an

2023

brated testing of any type is based on the cumulative damage principle. The stresges of

. This

rategy of any type of accelerated testing is to produce, by increasing Stress levels dluring

ected
vides
] item

specification limits, thus providing assurance that the item will sutvive its predetermingd life

perio

necessarily, quantify a probability of item survival for its life; and just provides assuranc
the ngcessary adjustments in item strength would help eliminate such failure in item use.

suffici
qualit
is co

predetermined life, and this test type is quantitative:

Figurg

accelg¢rated tests.

In Fig
absol
and |
corres
and L

(negajive stresses), canv'also cause cumulative damage probably with a different f

mech
in thg
extren
positi
thus
absol

without failure related to that specific stress type., TFhis technique can, by

nt margins are determined unrelated to the probability of survival, the type of
btive. In tests where this probability of survival isydetermined, the magnitude of the
related to the probability that the item would survive that stress type beyon

1 depicts the principle of cumulative damage in both qualitative and quant

ure 1, for simplicity, all stresses, operating limits, destruct limits, etc. are sho
ite values. The specificationlvalues for an item are usually given in both extremes,

ponding design limits (DSL), UDL and LDL, the upper and lower operating limits
DL, and also the reliability test limits, URTL and LRTL. The rationale is that the op

hnism, thus therelationship between the expected and specified limits can be illus
same manner-as for the high or positive stress. As an example, cold tempe
nes can produce the same or different failure modes in an item. To avoid cluttg
e and the'negative thermal or any other stresses are not separately shown in Fig
he magnitudes of stresses are either positive or negative, and thus represent
ite-values only as upper or lower limits.

t not
e that
Vhere
est is
5tress
d the

tative

vn as
upper

pbwer, thus the upper and-lower (or low) specification limit, USL and LSL with the

UoL
bosite
ailure
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ure 1,
cd as
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The graph in Figure 1 shows the required strength of an item regarding a stress for the du
ife time, from beginning of.life”(e.g. time when the item is made), ¢y, through the ¢nd of

. The strength and stresses’in tests are also assumed to have a Gaussian distribut

of its
life, ¢

0 25 5 75 10 125 15 175 20 22,5 25 27,5 30N\3825 35 37,5 40 425 45

ReqL RTL DSL oL DL
(n)

Figure 1 — Probability*density functions (PDF) for
cumulative damagejdegradation, and test types

The dffferent types of accelerated tests can now be illustrated using Figure 1 as a conc

mode|.

Funct
level

onal testing\is carried out within the range of the requirement specification and
f the specification. In this area no failures should occur during the test; design is val

to allqw operation within the upper and lower specification limits. Accelerated testing of

B and C (4.2.3 and 4.2.4), i.e. accelerated degradation testing (ADT) or cumulative da
testing'can be illustrated as the distance between the design specification limit (DSL) an

Cumulative Stress I4
damage

vel

IEC

ration

on.

cptual

at the
dated
Types

mage
d the

level where the reliability demonstration test should be performed (RTL). When the degradation
reduces the performance below the requirement specifications, the item can be declared as
failed, if this behaviour is defined as a failure. When testing the item at time ¢y no failures should

be expected for stress levels up to and including the design specification limit (DSL).

The item design specification should take into consideration certain degradation during the
item’s life which is resultant from the cumulative damage of the stresses expected in life, thus
its limit is the design specification limit (DSL) which is higher than the requirement limit (RL) in
order to provide the necessary margin. After item degradation resultant from the cumulative
damage caused by expected stresses, the reliability test provides information on the existing
margin between the test level (the remaining strength) and the requirement. This margin is a
measure of reliability at the end of required period, ¢, .


https://iecnorm.com/api/?name=adc4a3daa201534f213c37a823219cdd

- 14 - IEC 62506:2023 © IEC 2023

The ultimate strength of the design is considerably higher than the design specifications and
this is the level determined in the qualitative accelerated test where the goal is to identify design
weaknesses which can compromise item reliability, i.e. the weaknesses that can occur in the
item’s life span, as the item degrades. Thus, the strength in the qualitative test is demonstrated
at operating limit (OL).

The destruct limit is above (beyond) the operating limit, and is denoted as DL. This is where a
permanent failure is observed. If the OL or DL are close to the DSL or the standard deviation
of the OL or DL distributions are high, then the test will indicate a potential weakness in the
design as indicated in Figure 1.

Item ;
A

The cumulative normal distribution of the margin (difference of stress means div@,e by their
common standard deviation) between the specified strength (use condj s) which is
represented by the requirement and the reliability test level (RTL) determingslitem religbility.
The test level and its duration are chosen so as to cause cumulative d r&ge during testing
corregponding to the degradation due to cumulative damage in th(ﬁr’n’s life span. The
calculated value produces the item required reliability, which is then antitative meastrre.

©
A sunfmary of listed tests and the mapping of their applications t@flya item life cycle is pregented
in Table 1. A\
S
Table 1 — Test types mapped to the i@ development cycle
L
Design Integration VaIidatiorL\Q,s\ Acceptance
R

FMECA HALT %

Reliability
Qualification Test

A
o
@pe A': Assembly

Type A: Componer(‘) an/or Subsystem

< CJ Type B/C :

@’ Assembly Type B/C : System
U@

Table nrovide ne e a hi Ao men - nthesi ~laY= e nge nd|ng
of the different methods as and when required during the whole life cycle of the item.

Type B/C :
Component .

4.2 Classification, methods and types of test acceleration
4.2.1 General

Based on the cumulative damage model, the information expected from the test and the item
use assumptions, the accelerated test methods may be divided into three groups:

o Type A: qualitative accelerated tests: for detection of failure mode or phenomenon;

e Type B quantitative accelerated tests: for prediction of failure distribution in normal use;

e Type C: quantitative time and event compression tests: for prediction of failure distribution
in normal use.
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4.2.2 Type A: qualitative accelerated tests

Type A accelerated tests are designed to identify potential design weaknesses and also
weaknesses caused by the manufacturing process. They can therefore be induced at levels
considerably higher than OL, as shown in Figure 1. The goal of this type of test is not to quantify
item reliability, but to induce or precipitate, during the test, the item’s overall performance issues
which are likely to take place in the field some time during the item’s life time and result in an
item failure. Improvement of the item design or manufacturing processes is executed to
preclude those failures, producing a stronger or more robust item, expected to be more reliable
in the field even under extreme or repetitive stresses as outlined in the design specifications.

Type tests may he qpplind alsa to detect other weaknesses or latent failures not o |y for
reliab|lity but also for other dependability attributes.

Iltem Hevelopment processes using this type of test increase item reliability ‘through the
mitiggtion of failure modes and by increasing item robustness without demonstrating a relipbility
targefl or measuring reliability improvement. These tests are often made with.such high stress
levels| that, ideally, failures should be observed (DL in Figure 1) (well beyond design
specification limits. The purpose is to identify the failure modes, the weak links in the design
and the margin between the functional limits, operating limit (OL) andthe destruct limit (DL), as
shown in Figure 1. The margin between the specification limit and‘the operating limit ensures
that te weaknesses are identified in HALT (see 5.1.1) and are not éxpected to occur as fgilures
during the expected item life, 7 .

NOTE | Other tests of type A are marginal tests and overstress tests.
4.2.3 Type B: quantitative accelerated tests

Type B tests use cumulative damage methods to determine item reliability projected to the end
of the|expected item life. The necessary margin between the expected cumulative damage and
the reguirement produces a reliability measure. These tests are then accelerated to achieye the
required cumulative damage in considerably shorter time than the item’s expected life. Tlype B
accelgrated tests use quantifiable aceeleration factors which are based on the physjcs of
speciIC failures (or failure modes) and provide a relationship between the exposure time |to the
specific stresses during testing and-in use environment. The failure, or failure mode distribution,
is determined from informatien” gathered through separate accelerated tests. Such test
information provides the basis for a functional life model and can be used to quantify test
accelgration for various reliability calculations, as necessary and applicable. In this way, item
reliabllity can be estimated through estimation of the reliability or probability of occurrence of
individlual failure modesfor any level of expected stresses. If necessary for data analysis|using
other [test types (eig: reliability growth or reliability demonstration tests), the determine(d test
accelgration faetorcan be used to recalculate times to failure data from accelerated tests|so as
to regresent times to failure occurrences in the use environment, and use the results for
reliab(lity calculations. In Figure 1, these tests are shown as reliability test levels (RTLs),

Anothlerway-ofge g-informatic s S of testis-to-test-tofailure-samples-ofitems for
the specific failure modes and the specific environments. This permits determination of
applicable failure distributions and appropriate acceleration factors which can then be used for
calculation of the probability of occurrence of the particular failure mode. This information can
be useful for future tests as well as WeiBayes tests (1 parameter Weibull; see IEC 61649). The
stress level of the Type B tests can be illustrated in Figure 1 as being higher than the
requirement, but below the stress level that would be applied in HALT. The stress level can be
between the design specification limit and the stress level of DL. The duration of the stress
application shall be sufficient to cause cumulative damage with a margin over the cumulative
damage produced by the expected life stresses during the item life.

Test time reduction is often achieved through an increase in operational or environmental stress
beyond those specified for use. The increased level of these stresses produces a cumulative
damage effect equivalent to that expected in the item life, but in a considerably reduced time
period.
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The accelerated degradation test (ADT) is a method where the degradation of an item is
measured as a function of time or stress cycles. The degradation is plotted and extrapolated
until the parameter reaches an unacceptable level (failure). This method is very useful for
failures that are not sudden failures, but develop gradually. The stress levels applied in the test
may be the nominal or worst case operating limits expected in the field use or the test may be
accelerated by increasing test stresses as described in [1].

4.2.4 Type C: quantitative time and event compressed tests
4.2.41 Use of Type C tests

-out in
activg use is the dominating failure mode, for example switches, keyboards, relays, canng¢ctors
rings. The data from these tests are often analysed using the Weibull distribution, and
often |n the form of the so-called "sudden death test" (see IEC 61649).

Type [C time compression tests are also often used to identify:

o system integration issues (such as software and hardware integratianyor interaction);

o fallure modes that are specific to the operating state, for example operating cycles for any
mechanical and electrical cycling event;

o fallure modes specific for environments where the range of stress is broad, but there is a
thfeshold defined such that stress exposures below the threshold will not confribute
s inificant damage to the item.

With the time compressions or event compression, the stress is accelerated by the duration or
frequency of its application but not by the increase of its level.

Each pf the above accelerated test methods.is\further described in Clause 5.

4.2.4.p Time compression

Time fompression is a test acceleration that can be applied in some circumstances, whefe the
tests fake into consideration only-the time that an item is actually operational or operating in a
state that produces significant damage (also known as removal of "non-damaging exposyres").
The dircumstances in which“this type of acceleration may be applied are those whefe the
operational stresses and_their cumulative damage are significantly higher than those in|other
operational modes, fdrjexample non-operational or standby. To apply this rationalg, the
accunpulated damagé during the lower stress periods should be insignificant compared with the
damage accumulated during the high stress periods, which physically will possibly not be easily

Whenla=s j i - s—ON/LO cy-ehngs ca ated by
speeding up the repetition of stress (event compression). This is especially useful in cases
where the test cannot be accelerated by increasing the stress level itself. In this manner, the
number of operations remains the same as does the effect of the cumulative damage. Care
should be taken that the higher repetition rate of the stress does not cause failure modes that
would not occur in normal operation. Examples are self-heating in a plastic part, vibrations that
do not dampen out before the next load and software sequences that do not finish before the
next signal.

1 Numbers in square brackets refer to the Bibliography.
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5 Accelerated test models

5.1 Type A, qualitative accelerated tests
5.1.1 Highly accelerated limit tests (HALT)
5111 General

Each type of commonly applied accelerated test method is presented in this document with its
advantages, disadvantages and necessary application cautions.

Type tactc ara naot anly tha claccioal HIALT hit thaora ara alon athar hiahh, accalarat teSt
et e ot Oy —tHe—orasSToa T T o Tttt e rear e o ot e gy oo ererat

types|such as the autoclave, thermal shock, marginal tests, over-stress tests and|other
quant|tative accelerated tests (see JESD47B [2] and [3]).

NOTE A classical HALT uses only thermal and vibrational stresses.

The nmjodel shown in Figure 1 illustrates the relationship between the specifications, the design
limits fand the test strategies of the HALT.

NOTE P The acronym HALT was inadvertently spelt out in the past as highly accelerated life test. By its n3ture of
being g qualitative accelerated test, however, HALT does not measure the life,af an item, even though the terfm "life"
is implfed by ensuring that the failures in HALT would not be experienced<in the life of the tested item. The test
effectiviely tests the strength limits of an item, thus the word "limit" is appropriately used in the spelt-out acronym.

When| reliability demonstration or reliability growth testS/are accelerated, there is a nged to
demopstrate a margin between the cumulative damage.induced by the applied stresses during
testing and the cumulative damages caused by stresses expected to take place during the life,
or any other predetermined time for which reliabilityyis to be demonstrated. The favourable test
results for the applied margins provide informatien on item reliability in that predetermined time
as expressed by strength versus stress critefia. Demonstrated strength is shown through the
test rgsults, while reliability is the complement of the area common to both, load and stiength
curve$, shown in Figure 2 (the area cémmon to both stress and strength distributior]s are
assocfated with the probability of failure of the item; the larger this area, the great¢r the
probapility of failure will be).

In Figure 1 the requirement specifications are translated into design specifications. The [figure
further illustrates how the_design margin is verified by the HALT.

In order to estimate the-margin between the design specifications and the unit under test {UUT)
it is ngcessary to increase the stress levels until failure occurs during Type A tests. The margins
verifigd in theseests are illustrated by a HALT operating stress limit (OL), as well as a dgstruct
limit (PL). This also indicates the margins for the variations in the materials and manufagturing
procepses_during manufacturing.

5.1.1. Main principles of HALT

The methodology of HALT is to quickly precipitate failures to identify and mitigate design
weaknesses in an item in order to increase robustness during the item field use. This type of
accelerated test is not intended to measure, but to increase item reliability through the
elimination of failure modes with the lowest margin between the field stress (load) and item
strength (Figure 2 and Figure 3). This type of accelerated test only identifies potential failure
modes and guides the development and improvement processes for the chosen stressors. It is
from the experience of HALT that most products are very robust for the applied stresses, but
that a few components or design details are significantly weaker than the rest. The idea of a
HALT is to find those few components or design details and make them as strong as the rest of
the item.
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Figure 2 illustrates the interference between the strength and stress distribution. It is assumed
that the stresses in the field from different applications, climatic conditions, etc. can be modelled
by a load distribution. It is shown here as a normal distribution. The strength of the items will
vary due to variations in raw materials and manufacturing processes. This can be modelled by
a strength distribution which in Figure 2 is also shown as a normal distribution.

The area common to both load and strength distribution is associated with the probability of
item failure. The larger this area, the greater the probability of failure will be. The graph in
Figure 2 shows the classical design margin, stress versus strength criteria, but in the context
shown in 5.1.1.2, it does not account for the cumulative damage model; therefore, it is
applicable to the initial short duration test that would measure the ultimate strength of the item

design

can be a very expensive and time consuming measure), then the distributions wodld not
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Figure 2 — Relationship of-PDFs of the item strength versus load in use

Figure 3 illustrates the importance of design margins. The design margin not only have to|cover
the relduction in strength duelto ageing, wear and fatigue, it also has to cover the variatipns in
strength caused by the raw materials, components and manufacturing and assembly processes.
Figurg 3 a) illustrates a-€ase of insufficient design margin, Figure 3 b) a case with sufficient
desigh margin. The load/curve illustrates the loads used during testing, representing the|loads
in the(field. The strendth curve is a PDF curve that covers all produced items from early test
samples to mass-produced items. The test samples are often manufactured in a special
prototype testlaboratory with optimum manufacturing conditions and maximum managément
attentjon. They are therefore typical of average strength or better (light blue circles). Laterjwhen
the items\are mass produced variations in strength from raw materials, components and
manufacturing processes often cause the produced items to be of lower strength (the leff "tail"
of the strength distribufion — the dark blue circles). When looking at the acceptance test of the
design in Figure 3 a) the test level is H1 — the maximum stress expected in the field. The test
samples (light blue circles) pass this test and the design is approved. However, once the mass
production starts, some items in the left tail of the strength distribution (dark blue circles) are
produced, and some of these cause failures in the field. In Figure 3 b) a HALT test is made on
the design. Once the design survives the stress level H1 the stress is increased to H2, H3 and
H4. In Figure 3 a) failure would be seen already at H2, had a HALT test been made, but in
Figure 3 b) no failures are seen even at stress level H4. The conclusion is therefore that the
design in Figure 3 b) has a sufficient margin, while the design in Figure 3 a) has an insufficient
margin. This would not have been detected if a HALT test had not been made.

This is the rationale behind the application of tests such as step-stress tests and HALT, to
ensure an appropriate margin over the expected stresses in life. In this way, these tests can be
performed on a considerably smaller number of test samples than needed for conventional
testing.


https://iecnorm.com/api/?name=adc4a3daa201534f213c37a823219cdd

IEC 62506:2023 © IEC 2023 -19 -

Overlap due to
insufficient margin

Strength (S)
Load (L) Weak lot from
mass production

Test samples

-
| [ | T

H1 H2 H3 H4 Stress

HALT stress level (H) IEC

a) Insufficient margin

Load (L) Strength (S)

No overlap due to
sufficient margin

I\ 4

[
H1 H2 H3 H4
—_—
HALT stress level (H)

Stress

IEC

b) Sufficient margin

Figure 3 — How HALT tests detect the design margin

HALT|is an explorative, qualitative design improvement test and should be accepted as|such.
It identifies the weakest link failure’mode in the design for the related stress type(s). |f this
failurg mode is related to the stress in the item use environment, the stress levels can oply be
estimated by an engineering judgement, considering the margin between the load and stijength
curve$ and including the additienal margin for the expected variations in both the manufacturing
proceps and the expectediusée environment. The comparison between HALT and a converjtional
accelgrated test is illustrated in Table A.1. A step by step procedure can be found in Clauge A.2
and ekamples in TableyA.2, Table A.3 and Table A.4.

With the weakesttink failing first, HALT is applied further to detect the second, third, and|other
consecutive weak links. This takes place until no more relevant failure modes are obseryed or
until the technological limits of the tested system are reached.

tions.
The stresses are applied in short durations, and the goal is to precipitate transition of faults into
failures, and strengthen the item as much as it is economically and technically feasible. HALT
identifies failure modes, but not their time dependency.

The UUT shall be functionally monitored during the test in order to detect the loss of its
functions. If continuous monitoring is not possible, the item functions have to be tested while
the stress level is kept constant. A typical procedure for a HALT is shown in Annex A.

The stress magnitude is not the focus of HALT; the real focus of an effective HALT programme
is on item improvement activities and organizational response to failures. The item improvement
should be continued to the point of a cost-effective rugged item where no part of the design is
significantly weaker than the rest of the item. The goal is to keep improving the item to the level
justified by the business case and utilization of cost-effective technology.
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The operating and destruct limits for the item can be pictured as distributions on a stress axis,
as illustrated in Figure 4, for both stress extremes, high and low (LOL, UOL, LDL, and UDL).

Operating| Design | Operating
margin specification margin
-

Destruct margin Destruct margin

— LDL

— LOL

uoL
— UDL,

LDL LOL uot uDL
Stress
IEC
Higure 4 — PDFs of operating and destruct limits as a function of applied stres

Figurg 4 is an example where both limits of\the stress affect an item. This example can be the
thermpl stress where both, high and low gemperatures, affect the performance of the item. It is
possible that these effects will not be symmetrical, as the limits for high and low temperatures
can be at a different distance from(the nominal design stress. Even though these tesis are
perfoimed on early prototypes they.can provide information on design related failure modegs. As
shown in Figure 4, all of these' limits can vary as indicated by the distributions. These
distrigutions may have different standard deviations, and to determine HALT is to give an
indication of the marginstthat allows the final item to accommodate these variations wlithout
failurgs in the field.

Even though Figure\4 depicts the temperature stress, other stresses may also be succegsfully
appligd in a HALF='In the case of other stress types, it is possible that lower limits will not exist
as forlexample_is the case for mechanical stresses, but they can exist with other stresseg such
as elgctricalsstress and humidity.

5113_S'tfess—t‘y"pe's anrd qpp:;uqt;uu
The primary or typically applied stresses in HALT are as follows:

e temperature;

e thermal cycling;

e vibration or shock;

e voltage;

e combination of vibration or shock and thermal cycling.

Other item-specific stresses can also be applied such as clock frequency for the

microprocessor, voltage or power variations, contaminants or solvents, or a combination of
these [3].
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Verification of margins and item improvements made in response to HALT serve to increase the
likelihood that the item will be robust and reliable in the field.

An example of typical stress levels is shown in Annex A. Ideally, the HALT stresses are applied
as described in 5.1.1.2 until the predetermined maximum stresses are achieved. These
maximum stresses are determined as follows:

e by
° by

the material limits and technological limits of the used materials and components;

the maximum stress achievable with the available methods and equipment.

It should be noted that the applied stress levels should not exceed the ultimate material limits
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brmal to expect that there are some fragile elements in the UUT that are not@design

ed for

ress levels normally applied in HALT. Those fragile elements shouldif, possiljle be
ted during HALT or disregarded in the test data evaluation. Fragile elements may be
ted for example by applying cooling air to them, by isolating them against cold air, by
suspending them outside the UUT in order to isolate them from vibratiop.@and shock or eyen by

g them outside the HALT test chamber and extending their connéctions to the rest
Fragile elements that have been protected during the HALT test then have to be
eparate test for example a component test or a survival test.

failure observed during the HALT should be investigated and root cause failure an
| be performed (see IEC 62740 [4]). If the identified, failure mode is likely to occur
here the stress level is expected to be considerably lower than in a HALT, a corr
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jement decisions.
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quant|tative, Type B, tests. This test type is very popular in the electronic components in

it is widely used as a more efficient (shorter) alternative to the much longer tempe
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humidity bias test (THB), i.e. a pressure cooker test, which has a duration of 1 000 H. The
stresges in these tests consistiusually of temperature and humidity where corrosion of vias
(meta)] conductors) in dies and thin film resistors can occur. The components are no
voltage biased during the test. Even though these tests do not yield numerical reli
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bmponents is not“compromised by any changes introduced in the componentg, see

P2-A110 [5]. The duration of a HAST in the electronic component industry is usually
and thestress levels for temperature and humidity are usually 130 °C and 85 ¢
Ctively,

about
o RH,
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5.1.3 Highly accelerated stress screening or audit (HASS or HASA)
5.1.31 Applicability and principle of HASS or HASA

HASS and HASA are not classified as tests. Yet, both are included in this document because
they apply accelerated stress for defect detection or screening. HASS is used for screening of
production units using stresses considerably higher than those expected in normal use or in
shipping, but with lower levels than those that can significantly reduce item life in the field.
These levels are determined based on the finding from the HALT programme. The screening
may be performed on all (100 %) production units or on a sample. The purpose of screening is
to detect any latent manufacturing defects that would eventually appear in the normal use of
the item. Detection of latent defects, followed by failure analysis and necessary corrective
actionf (verified through a test designed to detect the specific Tailure mode), reduces the nlimber
of faults. The resulting field reliability improvement is due to the reduction in the numbergf field
compgpnents with latent manufacturing defects and not due to a change in the inherent design
reliabllity. HASS is ideally suited to pilot production or production ramp-up, i.e. whenprodlction
rate i$ slow and 100 % screening can easily be accomplished. HASS may. ¢ontinue during
normal production for very critical items that are manufactured in small volumes.

The s{ress levels in HASS or HASA are used for defect precipitation screening. The precipitation
screep consists of combined stresses with their levels barely inside;the operational limits. The
purpoge of this screen is to precipitate manufacturing defects into intermittent or permanent
failurgs. To detect the failures, it is recommended to monitor the functions of the UUTs during
screefing as it is possible that some operational abnormaliti€s will not be discovered in the post
test operational checks. Further, it is not known when, during the precipitation screening, the
possibly intermittent functional failure can be detected<The precipitation screen may combine
severgl different stress types and stress levels. As_with HALT, intermittent failures cpn be
verifigd by using a detection screen (see ClausevA.2, Step 4). Constant monitoring ghould
provide functional coverage that is as complete aspossible. Coverage and effectiveness |of the
monitpring should be optimized prior to beginning of the screen development procesd. The
monitpring process should facilitate root cause analysis.

A typital precipitation screen itself will-fgquire a relatively short stress application time sych as
from 3 min to 1 h of stress. Additionaliime will be required for the test and monitoring equipment
set-up.

HASA is a process monitoring tool where a sample from a production lot is exposed fo the
precigpitation screen to detect possible defects. HASA is often performed before the prodliction
lot is|released. HASA aoften supplants HASS when the manufacturing process reachgs its
maturjty. HASA is further reduced and even eliminated when the effectiveness of prodlction
contrgls is established.

5.1.3.p Selection of stresses and their magnitudes

Stresgessshould be selected so as not to compromise functionality, material properties, pr the

life oftnen—defective-hardware—The initial levels—are determined -from-information ggir ed in

HALT.

The precipitation screen is performed with stress levels a little lower than the operating limits
since the UUT have to be monitored for function during screening. Typically, the temperature
stress is reduced by 5 °C and the vibration level by 2 g RMS (19,62 m/s2). Before the
precipitation screen is used for HASS or HASA it should be verified that the precipitation screen
does not significantly reduce the item life in the field. This can be tested, for example, by
exposing one sample to the precipitation screen 10 times.
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Engineering aspects of HALT and HASS
1 Advantages of HALT and HASS

dvantages of HALT and HASS are as follows:

o verified and selectively increased design margins for reliability improvement;

e sample size for determination of a specific failure mode is small;

e quick determination of dominant failure modes for specific stressors and easily combined
stresses (the duration of the test is typically three days);
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R Disadvantages of HALT and HASS

Jsadvantages of HALT and HASS are as follows:

a) pdssibility of stimulating failure modes that would not normally be observed in item us

b) pdtential for over-improvement of design margin (over-design);

c) re

ultant reliability not known;

d) nd statistical confidence in the test result (over-.or<under-estimation of the design may
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5ting does not address all interactive effects of multiple failure modes;

f) impractical for very large items, very smalbitems and items with diverse fragility;

g) Iirlited number of stress types (primarily‘temperature, vibration, shock and thermal cy
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Types B and C — Quantitative accelerated test methods

Purpose of quantitative accelerated testing

Lirpose of quantitative accelerated tests is to estimate one or more measures of relig
ample failure rate, probability of failure or survival, or time to failure (TTF). Ofte

purpope of quantitative accelerated testing is to determine the life time of components

limite

life (weaf-out), or to determine (quantify) and improve the reliability of system

componentsskor this, Weibull analysis is very useful (see IEC 61649).

5.2.2

5.2.2.

Physical basis for the quantitative accelerated Type B test methods
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1 General

The goal of Type B accelerated testing is to measure the reliability and verify acceptable
reliability performance of the item within a short period of time. Thus, the goal in accelerated
testing is to accelerate the damage accumulation rate for relevant repetitive stress and wear-
out failure mechanisms (a relevant failure mechanism is one that is expected to occur under
life-cycle conditions).
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In order to accelerate tests, it is necessary to have a thorough understanding of the potential
failure mechanisms and the operational and environmental stresses of the item or system. This
can also be achieved through failure mode analysis of the designed item associated with the
intended item usage profile, for example using an FMEA (see IEC 60812 [6]). Effective
measures can then be taken not only to prevent their manifestation under predetermined life or
usage stresses, but also to precipitate them effectively during accelerated testing for item
improvement. Accelerated wear-out or reliability testing has been recognized to be a valuable
activity to assess the reliability of high reliability electronics, electro-mechanical and mechanical
systems. The application of elevated stresses is usually for the purpose of:

a) making the design more robust and improving the manufacturing process through
systematic step-stress testing and increasing the stress margins through corrective actions
(reliability growth testing);

b) conducting accelerated life tests in the laboratory to measure and verify in-servicereligbility.

The eixtent of acceleration, usually termed the acceleration factor (4F), is defined as the ratio
of thellife under use conditions to that under the accelerated test conditions.(This accelgration
factor|is needed to quantitatively extrapolate reliability measures (such as time-to-failune and
failurg rates) from the accelerated test environment to the usage environment, with [some
reasophable degree of confidence. The acceleration factor depends-0f hardware parameters
(e.g. material properties, item architecture) of the UUT, usage stréss’conditions, accelgrated
stresq test conditions and the relevant failure mechanism. Thus§, each relevant failure |/mode
(assupming it is a result of one failure mechanism) in the UUT\has its own acceleration [factor
and the test conditions (e.g. duty cycle, stress level, stress history, test duration) shpll be
tailorgd based on these acceleration factors.

The physics of failure approach means that each failufte mode is addressed separately apd the
margip to the life time or to the required reliahility is verified for each of them. With this
appropch, each of the failure modes has its own*failure distribution and failure rate. In|other
cases), the result is combined to an estimated(reliability for the whole item.

When| planning a test the potential failuremodes in the item should be listed. The test i$ then
planned with stress levels and durations so that the failure modes should be observed jin the
test iffthey are present in the item. For'this planning, empirical factors from previous items), from
the cqmponent suppliers or from-literature, can be used to estimate the acceleration fagtor of
the test. After the test is performed the actual failure modes are known, and the test can be
analysed for each failure mode separately. It is recommended to use a test set-up whefe the
empir|cal factors can be.gstimated from the test itself. See Annex E and Annex F.

Type B tests can be run by increasing the level of a variety of loads such as thermal loads (e.g.
tempgrature, temperature cycling, and rates of temperature change), chemical loads| (e.g.
humidity, corresive chemicals like acids and salt), electrical loads (e.g. steady-state or trapsient
voltage, current, power), and mechanical loads (e.g. quasi-static cyclic mechpnical
deformations, vibration, and shock impulse or impact). The accelerated test environment may
includea- combination of these loads. Interpretation of results for combined loads and
extra i i ity i Ttati ing of
the relative interactions of the different test stresses and the contribution of each stress type to
the overall damage.

5.2.2.2 Advantages of the Type B test

The acceleration stress test provides quantitative information on the reliability of the tested
item:
o this test type can be designed

— for selected failure modes (e.g. from FMEA) to assess, with reasonable confidence,
overall reliability;

— for combined stresses also to simulate the interactive effects of those stresses and a
realistic assessment of the item reliability;
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e an acceleration test can be effectively carried out to enable the test to represent cumulative
damage in use.

5.2.2.3 Disadvantages of the Type B test

e Arrisk that the stress acceleration can exceed the physical properties of item materials and
cause unforeseen damage.

e Arisk that the acceleration of combined stresses can cause additional unforeseen damage
to the item that would not have happened in actual use.

e The base line for accelerated testing is not a single stress but is generally a multiple stress
that varies with user and location. It is necessary to take this into consideration when

e Ll I
quantrythrgtmeTrestts:

5.2.3 Type C tests, time (C4) and event (C,) compression
5.2.3/ Type C, tests

5.2.3.11.1 General

Time fompression is achieved by eliminating "OFF-time" (e.g. non-gpérating time or timg with
low stress levels) by compressing the duty cycle through addressing just the ON|time.
Furthgrmore, when items are exposed to a wide range of stressés) it is typical that the h|ghest
stresges (the primary stresses) will induce the most damage, and that there are some leyels of
usagdg stress that, compared to the primary stresses, are.assumed to produce negligible
damage. Any exposure below a chosen damage threshaold stress can be assumed to prpduce
negligible damage and can be eliminated from the test{programme. This is particularly true for
mechanical fatigue and is often applied in accelerated structural fatigue testing| (see
IEC 6p605-2).

An exfample of duty cycle compression is whén the test duration is 24 h per day, whereas the
item [n its actual use environment operates for only 8 h per day. This results in g4 time
compiession factor of 3. Each day of test/time is equal to three days of actual use time.

5.2.3.11.2 Advantages of time compressed tests

Iltems|with a minimal or short-operating use time compared with calendar time can be {ested
within| a very reasonable test”time relative to its required life (e.g. office equipment,|cars,
harvegting machinery). Eor example, a snow plough is used only in one season, once a| year,
and ohly when there is a reasonable accumulation of snow to justify its use. Even when|used,
it is expected to be onSffor 2 h to 3 h on average. There are several primary damaging stresses
such @s vibrations.stress in the motor, wear-out of blades. For the rest of the year, it is $tored
in a ghed, andiprotected from extreme weather conditions. Thus a snow plough that has a
required lifesof/ten years, but effectively is used four times a month for three months, for
duratipns (of\2 h, can be tested for a required usage duration of 240 h. Therefore, a test of
approkimately 300 h would provide a good margin to prove the snow plough’s reliability.

With a relatively short test duration at nominal stresses, there is no reason to increase the
stresses, and therefore, there is no need to determine stress acceleration factors; otherwise
there is a risk of overstressing the UUT.

5.2.3.1.3 Disadvantages of time compressed tests

Concentration exclusively on operational time means considering the operational environment
only with its associated failure modes, while the failure modes occurring in the "non-operational”
environments may be neglected. Such failure modes can even be more damaging to the item,
since they are a result of stresses that are perhaps considerably lower than those when the
item is in use, but are applied for a considerably longer time to produce the same or greater
cumulative damage than the stresses applied in use.
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Considering the same example of the snow plough, there are 87 600 h in its ten-year lifespan
when the snow plough is exposed to extreme cold temperature for approximately 20 000 h,
leading to the failure mode of embrittlement of materials; very high temperatures for
approximately 6 000 h, leading to ageing of plastic parts, paint, adhesives, thermal cycling;
approximately 7 200 cycles causing multiple structural damage; and humidity, applied for a
minimum of 30 000 h per year, causing corrosion. Testing only under operational conditions
would disregard the influence of non-operating environments.

For items where active time is considerably shorter than the passive (OFF time), it is necessary
to combine time accelerated testing for the operational periods with tests that accelerate the
passive periods, for example corrosion tests, humidity tests. In some cases the item can be
precopditioned-before-the-time-ecompressed-testsbyapphring-some-stressesfrom-the-passive
periods, for example moisture, cold storage, solar radiation or mechanical loads like wibrations
and shocks simulating the non-operating conditions. The purpose of such preconditiening is to
simulate the inter-relationship of the failure modes of active use with the failure modes expgected
in storage, which in turn highly affect the failure modes in use. As an examplecarrosion [of the
snow plough would highly affect the influence of applied vibrations on the item)structure.

5.2.3.p Type C, tests

5.2.3..1 General

The gvent compression tests apply repetitions of events with.eonsiderably higher rateg than
those|applied in actual item use. As an example, the ON/OFF cycling of the above-mentioned
unit (Ee snow plough) can be compressed to a test of several hours, by applying the ON/OFF

cycling repeatedly. Therefore, the 120 required ON/OFF cycles in the 10-year life with a
sufficjent margin to demonstrate reliability would be a‘very short test.

Type [C, tests can be combined with the time compression tests for further test acceleration.

This ¢an result in a very short test with "high reliability" demonstration, however, sg¢veral
imporfant precautions shall be taken when carrying out this combined acceleration. For
example, the rapid application of repetitious stresses can influence test results by varying
cumulative damage.

The eyent compression tests may’also be combined with the stress acceleration tests to further
shortgn the test time. Caution’ should be exercised when preparing such tests, as the time
compfression can influence the stress acceleration. For example, fast ON/OFF cycling results
in a very short time in the*OFF condition, which does not then allow the UUT to properly cool
down| This can then result in additional thermal acceleration of the UUT’s degradation and
precigitation of failures. Also, this type of acceleration can neglect the failures due to non-use,
such as material)deterioration.

5.2.3.p.2 Advantages of the Type C, test

The a \Inni‘qgn of the Typn (‘4 test is that in a short time, hy epnnr’lmg U the stress repgtition,

the cumulative damage can be reproduced within a much shorter time than in regular use.

5.2.3.2.3 Disadvantages of the Type C, test

This type of testing can also produce some negative effects by applying continuous stress and
in a manner that precipitates failures that normally would not occur. For example, in mechanical
parts with a wear-out mechanism induced by friction during operation, continuous friction can
produce heat that would further precipitate a failure that would normally be delayed by periods
of cooling. Another example can be the metal fatigue caused by stress repetition, if applied
without allowing time for the material relaxation.
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5.3 Failure mechanisms and test design

The importance of correct failure analysis shall be strongly emphasized. Understanding the
failure mechanisms is essential for designing and conducting successful accelerated life test or
other test as advocated in physics-of-failure based reliability design and prediction
methodologies (provided that the predictions are done using the physics of failure approach).
To achieve this, a rational method shall be identified to relate the results of accelerated tests
quantitatively to the reliability or failure rates in use conditions, using a scientific acceleration
transform. The amount of test-time compression achieved in an accelerated test need to be
determined quantitatively, based on the physics of the relevant failure modes. Accelerated life
tests attempt to reduce the time it takes to observe failures. In some cases, it is possible to do
this without actually changing the equation for the instantaneous failure rate. However, if the
hazard function changes, it is termed a "proportional hazard model." Mathematically, the
differgnces between these two can be seen in the following two equations for_a Weibull
distrigution in which Hp (¢) is the cumulative hazard function for accelerated life, Hpy () |is the

cumulative hazard function for the proportional hazard model, AF is an acceleration fact¢r due
to some sort of stimulus and (¢/)# is the unmodified cumulative hazard for a Waibull distribution
(¢ = time, n = characteristic life and g = shape parameter).

p
HAL(f)ZKAFXt] (1)
n
v
HPH(t)zAFx[ZJ (2)

In Hp[(2), there is a linear relationship-between time and the acceleration factor. In Hpy(y), the
hazarf function itself is being modified. By rearranging the equation for Hpy(¢), it can bg seen
that there is a non-linear relationcdbetween time and acceleration factor. The difference befween
these|two types of accelerated, tests is that H, (¢), requires knowledge only of the ratio of the
actual test time to calendar time (non-accelerated time) caused by the applied environmental
stimulus whereas Hpy(f); requires knowledge of how the 4F changes as a function pf the

parameter . For the(Weibull distribution, of which the exponential distribution is a speciallcase,
the resultant distribution for either of these two conditions is still a Weibull distribution.

Equaffon (1).s_usually applied when the acceleration is made with the increased repetition rate
of the|apptied repetitious stress such as operational cycling. Equation (2) is preferred when the
accelgration is applied to the physical states of the unit under test such as thermal acceleration,
wherd thé acceleration factor itself depends on the distribution

To summarize the above rationale, it can be said that the stress acceleration provides reduction
in time to failure by increasing the stress levels beyond those expected in the normal use of the
item.

5.4 Determination of stress levels, profiles and combinations in use and test — Stress
modelling

5.4.1 General

It is equally important to understand the operational and environmental stresses that generate
the failure mode based on physics of failure. This stress modelling serves as the base point
from which acceleration occurs. How this baseline is handled is extremely important when the
stresses will vary depending on item use.
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Step-by-step procedure

The following procedure is applicable:

a) identify the relevant stress factors from the field, including storage and transportation (see
the IEC 60721 series);

b) determine which stress types that will be accelerated, which will be nominal and which can
be omitted, for example because they are covered by other tests;

c) determine if the stresses can be applied simultaneously to include stress interactions or
whether they will have to be applied sequentially, for example in a test cycle (see

IEC 60605-2);

d) ddgtermine if the acceleration factor (4F) can be estimated from the test or estimate the
adceleration factors based on relevant acceleration equations and relevant_ ‘empirical
faftors;

e) dgtermine the sample size (see IEC 61649, IEC 61123 and IEC 61124);

f) pgrform the test (see IEC 60300-3-5);

g) pdgrform failure analysis;

h) analyse the test — each failure mode separately (see IEC|61649, IEC 61710 and
IE|C 61124);

i) report test result (see IEC 60300-3-5).

5.5 |Multiple stress acceleration methodology — Type B'tests

In casles where two or more stresses are the cause offeactions affecting the component gr item

life (re¢liability), the test acceleration is made by increasing each individual stress using models

appropriate for those stresses. In these cases, ‘failure rates representing each of the failure

mechanisms are individually accelerated and the overall reliability (R) or failure probabil|ty (F)

should be estimated separately. This can generally be expressed as follows:

NS
R=]]R (3)
i=1

wherg

R represents ¢he influence of a stress i on the reliability of the UUT when stressgs are

Ng

independent;
represents the reliability of the UUT;
isthe total number of independent stresses.

The specific case of competing risks is described in IEC 61649:2008, Annex G.

If the time to failure of all the components or items can be modelled by the exponential
distribution this can be simplified as follows:

N,
AF % Jyom = 2.3 AF; X Jytem (Stress)

(4)
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In the case of Weibull distribution where all of the failure modes distributions have the same

shape

where

parameter, the scale parameter of an item under combined stresses is as follows:

1 1 s 1

—_— =ty
Mem (Stress) ) 5nl' (Stress)

(5)

Mtem
Ty
;

For d

is the shape parameter of the Weibull distribution;

is the item scale parameter for the combined individual stress;
is the base scale parameter;

are the individual stress scale parameters.

fferent shape parameters, the resultant distribution can be différent to Weibull ar

complexity of the relationships increases beyond the scope of this document.

It is t¢ be noted that the Weibull rationale may be used only.when accelerating single f

mode

applig
differg

5 because it expresses dependency of times to failure, as Weibull modelling

nt failure modes, not even if applied to a single ¢omponent.

Equation (4) presents a rather accurate way of, expressing the overall item failure rat

applig
rate,

failure
them.
tests.

If eac
influe
applig
differe

d stresses. It assumes that the part or component failure rate is a sum of a basic f
esultant from undetermined failure modes related to the part inherent defects, &
rates attributed to the failure modesisensitive to particular stresses and accelerat
Then, failure rates representing individual stresses can be determined by separate
Individual stress accelerations then apply to each of these stress-relevant failure m

h stress type acceleratescone and only one failure mode, the acceleration fact
nce each failure mode separately. With the assumption that the exponential distribu
able, which is often .the case when assemblies and systems are tested for m
nt failure modes, the.item failure rate as accelerated is:

Ns

AF x Atem = D AF; X Aem (Stress)
i=1

d the

ailure
s not

able to the mix of different failure modes. Times to failure are not related in the case of

b with
ailure
nd of
ed by
s5tress
odes.

br will
ion is
Litiple

(6)

Having in mind that more than one stress can accelerate the same failure mode, the test
acceleration from Equation (6) becomes Equation (7):

i=1 k

p = AFpegt % Jg =A§{[HAF,€]- X@J

1

is the failure rate that the item has in its use conditions;

is the accelerated test failure rate;
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(HkAFk). is the product of acceleration factors of stress, i, affecting the failure
1
mode £;
A; is the failure rate of the item corresponding to the specific stress;
Ng is the number of stresses;
AFtggt is the acceleration factor of the failure rate of the item in use conditions to
produce the overall accelerated, test failure rate.
A
= ,
AFtest = : (8)
‘o
If the [failure rate A, is defined in terms of reliability at a predefined time £, R;(z4) then the test
acceleration is:
In(R; (¢
NS ( 4 ( 1))
) AF, ) x| ———5
21:1 [(Hk k),- l: # (9)
AFTest - jO
If all [stresses influence all failure modes, the resulting acceleration factors (4F;) can be
multiglied. Then the easier or simpler way of'calculating the total part failure rate can bg in a
form ¢f its base failure rate modified by multiple compounded environmental stresses:
Ng
Atem (Stress) =Jg xHAFl. (10)
i=1
Equafion (10), although widely used in the industry, assumes that each applied ptress
accele¢rates the base' failure rate, and the next applied stress accelerates the total failurge rate
accelerated by /the previous stress, and so on. This simplistic approach can lepd to
overeptimation of effects of multiple stresses, as the failure mechanisms are different, and[some
are not accelerated by all of the stresses.
The resttto rartion ure or

leads to tests that are unreasonably short and inadequate.

The best way to calculate realistic test acceleration is to investigate what stresses do influence

the same failure modes in which case they can be multiplied.


https://iecnorm.com/api/?name=adc4a3daa201534f213c37a823219cdd

IEC 62506:2023 © IEC 2023 -31-

5.6 Single and multiple stress acceleration for Type B tests
5.6.1 Single stress acceleration methodology
5.6.1.1 General

With this methodology, test acceleration is accomplished with a single stress only. These
models are life stress models, where the damage per unit time of test is appropriately
accelerated by increasing the level of stress.

The three most frequently used relationships are:

e inyerse power law model, used for test acceleration when stresses other than copstant
temperature are considered, such as electrical, mechanical, chemical (corrosion)!

e Arrhenius reaction rate model, used for constant temperature stresses, based ‘on the |effect
that the absolute temperature has on a failure mechanism;

e Eyring model which is used in cases where the acceleration is achieved with tempefature
and moisture stress levels.

With all acceleration models, test data can be analysed using established analytical models to
determine characteristic accelerated life parameters. Using the‘-acceleration factorg, the
paranjeters corresponding to use environments are determined and used for relipbility
projegtions as necessary. The acceleration models should, (f\pdssible, be verified by plotting
the tept data.

5.6.1.p2 Inverse power law
5.6.1.R.1 General
The inverse power law is applicable to:

e dyjnamic stresses such as shock (any<pulse type) and vibration (sinusoidal and randojm);

e climatic stresses such as thermalcycling, temperature changes (shock and thermal cy¢ling),
huymidity, solar radiation, or any other climatic stresses with cumulative damage.

The ipverse power law model,[7] is very simple to understand and use, and is very fasily
adaptpble to any failure djstribution. Graphical solutions (best fit by eye) are possible, and the
parameters can also be determined using maximum likelihood methodology.

With fhe inverse pewer law, the characteristic that represents item reliability related to| time,
such as characteristic life, mean life, mean time to a failure, is represented as:

L(S)=CT"xs™ (11)
where
S is the stress;
C is the constant (> 0) to be determined;
m is the parameter dependent on stress behaviour, also to be determined;

L(S) is the life or other predetermined time duration as a function of stress.

The power law model is simple when expressed or plotted in logarithmic form, where it becomes
a straight line with the slope representing the value of parameter m, and the value of the
intercept with the y-axis is a function of the constant C:
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IN[L(S)] = =mxIn(S)-In(C) (12)
The inverse power law is applicable to all distributions regularly used in reliability.

The test acceleration factor is then:

e L(Sisa)  CTSGg [ Sraq )"
s—= ==t
IPL L(STest) C 1><STglst kSUse

(13)

where

ALs is the acceleration of stress by inverse power law;
L(Sysd) is the life as a function of stress in actual use;
L(Stedt) is the life as a function of stress applied in test.

In the|Equation (13) the subscripts "Test" and "Use" denote accelerated test condition and non-
accel¢rated use condition, respectively.

Parameter C in the test acceleration cancels out,.but the parameter m shall be determinged for
the itgm and the stress type.

If not readily known, the parameter m can.be determined through tests performed on the|same
compgpnent or item at various stress leve&ls to failure (Annex E and Annex F). The test data is
analysed then to determine the distribution and the distribution parameters. The parameter of
that distribution that corresponds, to-the life is then plotted as a function of stress in I¢pg-log
coord|nates, and the slope of the;straight line determines the value of the parameter m|while
the nggative intercept will preduce the value of the constant C.

This grocess that appeadfsieasy when described can become a very tedious process for|items
that are more complex-than a single component, as the test can involve long periods of time
and d large number-of samples. However, using test acceleration factors that are Igosely
estimated can lead*to large errors in design of accelerated tests.

When| extrapolating the stress-life curve well beyond the test points the predicted stress life
curve|can\represent a more conservative estimate of life since the actual stress-life cunve for
the sgegific failure mode can exhibit a lower slope.

The inverse power law is usually applicable to thermal shock, electrical and mechanical
stresses (static and dynamic) and to humidity.

When accelerating a component life test with a specific stress, failures should be understood
and grouped together for the same failure modes to ensure that the applied stresses are
generating the same failure mechanism. For example, an accelerated test of a chip ceramic
capacitor with nickel electrodes by voltage increase can exhibit two different failure
mechanisms: dielectric breakdown, and movement of oxygen vacancies, both resulting in
shorting of the capacitor. The two can appear as the same failure mode as the two mechanisms
would not be distinguished if the failures were not analysed. One of the indicators of presence
of two different failure mechanisms can be a resultant bimodal Weibull distribution (see
IEC 61649).
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Confidence limits on parameters, life functions and reliability for each of the distributions can
be determined with appropriate statistics, as described in for example I[EC 61649. Care should
be exercised when applying statistical limits for the stress-life curve as, due to small sample
size, the resultant extrapolated stress-life curve can be incorrect.

5.6.1.2.2 Advantages of the inverse power law model

The primary advantage of this model is its simplicity and easy determination of the parameters
from a test, provided that there is an easy separation between failure modes. Another
advantage is that it is widely used so that the specific parameter values can be found in relevant

literature.

5.6.1.2.3 Disadvantage of the inverse power law model

The model disadvantages are as follows:

o the simplicity of the model can lead to errors in fitting life-related parametérs of different
distributions;

o offen, due to time and cost constraints, it is not possible to determine-the inverse pow

pgrameters, hence common average values that can be misleading-are used;

o te
to
te

e C
bd

5.6.1.
5.6.1.

The A

5ts to failure, to be statistically defensible, require a large number of samples to be
failure at each of the chosen stresses. Components at Iower stresses can require

ution should be exercised when accepting an“assumed value for the parame
rrowed from a seemingly similar item.

3 Arrhenius model

3.1 General

type gnd its failure mode and the absQlute temperature, 7. This model assumes that the re

rate ig

exponentially dependent on-the absolute temperature.

The rg¢action rate is expressedas follows:

_ Eq
p(T)=Kx e kgxT

er law

ested
b long

5t time, and should those at the same time have a high:level of reliability, the sample size
mjy have to be large, and the test can be lengthy;

er m,

rrhenius model [7] is based on expressing the reaction rate as a function of the component

action

(14)

o(T)

Y n — 4 £ il - 4 N
IS T CUTTS ATt (TTOU a TUtcuorn O ICITperdiurc),

is the activation energy (eV);
is Boltzman’s constant = 8,617 385 x 1075 eV/K;

is the absolute temperature (K);

is the reaction rate as a function of the absolute temperature.

A function that represents reliable life is expressed as a function of temperature:

D
L(T)=CxeT

(15)
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To represent the above equation as a straight line:

D
In[L(T)] =?+In(C) (16)
where
T is the variable absolute temperature measured in degrees K (absolute temperature);
D H . ol p £+ nl-.-.-.igl—d- Lia (— I Ilb)
LE= Y R AR A v O UT Uuare otrdai LILLSLLLELA "2 uall\/ y

In(C) is the intercept of the straight line with the Y axis.

The afcceleration factor is then found for the use with respect to test environmeént as the ratio
of the|two reaction rates:

e (Bl
p(1) _kxe T _[idln

(17)

The failure rates as a function of absolute temperature, 7, can be correlated to the failurg rate
at a specified absolute temperature, T, as follows:

__La
2@) = cxe T (18)
The failure rate A, at a specified temperature T is:
__fa
A(Ty)=Cxe '&*T0 (19)
Divisipniof Equations (18) and (19) will provide the following relationship:
)
e\ Ty T 20
o(r)=ro(Tp)xe =\ T =)

where

Ty and T are the absolute temperatures in use and test environment, respectively.

An example of use of the Arrhenius model for the determination of the value of failure rate A,

which, at the temperature of 25 °C (298 K), was 1 x 1078 failures/h, as a function of absolute
temperature, 7, is shown in Figure 5.
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Figure 5 — Line plot for Arrhenius reaction model

arameter E, (activation energy) shouldibe known for application of the Arrhenius model.
ctivation energy can be estimatedi'as described in Annex C, but this is very time

consuming. Component manufacturers\estimate the activation energy for the relevant failure

mode
struct
to all

be ab

the fa

Lires and not on functioning.components. The estimated activation energy is then a
omponents using the qualified technology. Therefore, the component supplier will u

5 each time they qualify a new component technology. The estimate is often made gn test

bplied
sually

e to state the activation energy for the dominating failure modes of a given component.

Activgtion energy can be‘determined from the plot in Figure 5 by solving the equation usgd for
|lure rate plot for,E, as follows:
o An[4(7)]-In(io)}
a =HB~ 11 (21)
Iy I
E, =kg xSLOPE (22)
fin[2(%)]-In(%0)}
SLOPE= 7 (23)

T, T
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where

Ao =1 x 1078 failures/h;

In(ky) =-18,421;

T, = 25°C = (25 + 273) K = 298 K
=-7,764 5;
= 180 °C = (180 + 273) K = 453 K;
=0,8 eV.

\\ ¥ =-9280,7x + 12,723
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Figure 6 — Plot for determination of the activation energy
rehhaniiic o o annlica otoa multiti A~ ~f ctatictina wotribhiitinne o mralihbhili
The Arrherias—ethod-is—appheabletoamultitude—ofstatistical-distributiens—ased-in—+rehability
analysis.

Confidence limits on parameters, life functions and reliability for each of the distributions can
be determined with appropriate statistics.

5.6.1.3.2 Model applicability

This model is applicable to the circumstances where the thermal exposure in form of constant
high temperature is expected to cause cumulative damage of materials thus changing their
physical properties. Change of physical properties may then be demonstrated as a change in
electrical and other specific properties.

The model is not applicable for damages caused by low temperatures. For these, it is advised
that tests to failure be used to establish the specific model.
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5.6.1.3.3 Advantages of the Arrhenius model

The Arrhenius model is simple to use and, when the failure mode is truly only dependent on the
absolute temperature, can produce realistic test acceleration.

5.6.1.3.4 Disadvantages of the Arrhenius model

The model is easy to apply for single components provided that their failure rates are indeed
dependent on and activated by temperature. For assemblies made of various electronic and
mechanical parts, the model can be hard to apply, as the components will often have different
thermal actlvat|on energ|es for dlfferent fa|lure modes (see JESD85 [8] and IEC 61649 2008,

in the
stress

The fu

Eyring model

A1 General

ith the Arrhenius model, the Eyring model is primarily used when thermal stress is a

acceleration process. Unlike the Arrhenius model, the Eyringvmodel is also us
es other than temperature, such as humidity, or some chemical ireactions [7].

nction related to expected life is shown as follows:

factor
ed for

B
1 ‘[A‘?] 24
L(Sg)=—xes CE (24)
Se
wherg
A and|B are the function parametersithat need to be determined through test or approximated
by values from literatufe. Parameter B may be a constant, but more often [t is a
function of some stress, normally temperature;
Se is the stress as-used in this model (usually absolute temperature measufed in
degrees Kelvin);
L(Sg) is the measure of life such as MTTF, characteristic life, half life.
The apceleratiof/factor 4F with this model is:
L]
1 s = - —
— 2 —
AFS _ L(SEuse) _ SEUse :SETest ce LSEUSE SETestJ (25)
E
L (SETest) —[A—B] SEyse
1 x e SETest
SETest
where
SEyee AN SEq are stresses in use and test, respectively;
B is a constant that has to be determined through test or approximated by

values from the literature.
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The Eyring model can be applied to all distributions used in the reliability analysis.

Confidence limits on parameters, life functions and reliability for each of the distributions can
be determined with appropriate statistics.

5.6.1.4.2 Advantages of the Eyring model

The model is relatively simple, yet it is applicable for stresses other than thermal. For a known
parameter B, rather accurate test acceleration can be achieved.

5.6.1.4.3 Disadvantages of the Eyring model

As wilth the Arrhenius model, knowledge of the parameter B is critical for correct test
accelgration. For items with moderate complexity, accurate test acceleration gan* bgcome
questjonable because of different components and materials having a different value fpr the
constant B.

5.6.2 Stress models with stress varying as a function of time — Type'B tests
5.6.2.1 General

The time varying stress models are used to account for precipitation of failure modes in|order
to shdrten the test time. These models can be used as a presentation of item usage profile and
thosel|are the cumulative damage or cumulative exposure model.

5.6.2.p Step-stress model
5.6.2.R.1 General

The model most frequently used is the step-stress model, where the units under test are spibject
to a sticcession of increasing stress levels_ that are applied for a predetermined time, and jat the
predefermined stress levels [9].

The sfress levels are constant in.each of the intervals.

The rmodel can be presented) mathematically using the life characteristic for an asgumed
distrigution. As an example, the step-stress mathematical representation is as follows.

If relipbility of a test unit for a test duration ¢ and the stress S represented as a Weibull
distrigution is:

B
t
R(tS)=e [W(S)J (26)

where

R(t,S) is the reliability as a function of time, ¢, and stress, S;
g is the shape parameter of the Weibull distribution;

n(S) is the scale parameter, a function of stress, S;

then the probability of failure is:

F(,S)=1-R(1,S) (27)
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In the Equations (26) and (27) with an example of the inverse power law model, the
characteristic life is:

n(S)=C1xs™

For successive stresses (stress levels) S, wherei =1, 2, 3...

(28)

Data
Weibt
distril

I
C><Si"’><t)

F(1,5)=1-6 |

1 1

Ehould be analysed using the appropriate distribution (in the case of the’ above ex
II), using a cumulative exposure model, which makes a correlatiofi~between the f
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total 4

ccumulated test time prior to that step.
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Probapility of failure in the segment, i,~then is:

(CxSMx(t—t. 4) )ﬂ
— X. X(I—TI. +7.
E(1,S)=1-e i i-1/7T

Distripution parameters may be then determined by maximum likelihood or other method

Confidence_limits can also be set for the probability of failure, reliability, or any other ite

meas
estab

ire (@s" described in the related standards on confidence limits, depending o
ished distribution.

(29)
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th the

vel: i

(30)

(31)

U7

m life
n the

5.6.2.2.2 Advantages of step-stress model

The method is effective to discover potential item weaknesses in the short time period. The
associated mathematics is not too complicated, so that the life characteristic of an item as
related to the particular stress can be calculated.
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5.6.2.2.3 Disadvantages of step-stress model

The method does not account for ageing of the test units for the time that the previous stress
steps are applied. Nor is the time involved enough typically to produce time dependent failure
modes such as wear, or creep or high cycle fatigue. The primary driver is stress intensity.
Further, this does not take into account potential fatigue or material changes resulting from the
repetitive stress. This potential fatigue can precipitate appearance of the failure modes earlier
than they would normally appear without the fatigue factor and thus erroneously predict an early
time to failure. The effect of the stress is usually logarithmic, so care should be taken not to
use a stress level that will cause immediate failure of the UUTs.

The methad also daes not suggest how to handle appearances of failure modes unrelated to
the agplied stress, and how to account for them.

Care $hould be taken to not exceed the short time destruct limit of the UUT.

5.6.3 Stress models that depend on repetition of stress applications)~Fatigue
models

5.6.3.11 General

Fatigye can be defined as a gradual deterioration of item materials_or item structure when|those
are slibjected to repeated loads. Those loads can be mechanical, dynamic, thermal cycling,
voltage cycling, etc. With cycling loads (such as thermalcycling, bending) the fatigue is
propofrtional to more than one parameter, usually to the Ioad extremes (the difference befween
extremmes) number of repetitions and to a rate of chande,

To represent the relationship between the number.of load repetitions and the level of the load,
testing is done on a number of items at different;stress levels in a series of tests. The endured
stresq is plotted against the number of applied stress cycles or applications for whigh the
failurgs have not occurred. The stress levels are reduced and the number of stress applications
is incleased. This continues to a point whére seemingly, the stress is low enough that the item
can epdure an "infinite" number of applications. The stress value at this point is often known as
the fafigue limit. Not all materials have a fatigue limit; exceptions are, for example, some|types
of aluminium alloys and plastics.

5.6.3.R Calculating life'time according to Miner's rule

The Palmgren-Miner.\linear-cumulative-fatigue-damage-theory (Miner's rule) is us¢d to
calculate the resultant-pitting or bending fatigue lives for gears that are subjected to loads which
are not of constant'magnitude but vary over a wide range. According to Miner’s rule, failure
occurs when:

7—j+772+....+7—f+....+7+"=1 (32)
1V1 1V2 ZVI- 1vm

where

n; is the number of cycles at the i-th stress level;

N; is the number of cycles to failure corresponding to the i-th stress level,;

N;/N; is the damage ratio (fraction of life) at the i-th stress level.
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Replacing number of cycles by the life times:

I 1 l; /
V22 g o (33)
LI L L,

where

; is the time at the i-th stress level;

L; is the life at the i-th stress level;

li

L; is the damage ratio at the i-th stress level.

If the time at each of the stress level is expressed as a fraction of time of the total life, L;

ly=o0q4xL
12 = 0(2 x L (34)
L =a;xL

where

a; is the time at the i-th stress level;

L is the life to failure under the applied"set of loads.

If the same ratio for lives applies as to.thé number of cycles, then:

oot o axL, L GnxL (35)
Ly Ly L Ly
1
L:
Mi% ., %, O (36)
L L L; m

The stress versus number of cycles diagram is plotted from the fatigue tests and is known as
the S-N curve. From a series of S-N curves, and with the assumption of the inverse power law
of stress levels the parameter m, described in 5.6.1.2 can be determined.

5.6.4 Other acceleration models
5.6.4.1 General

Other acceleration models can be found in IEC 61163-2 [10] and in [7].
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5.6.4.2 Time and event compression tests

In event compressed tests events that determine the reliability of life of the item are repeated
more often than in the field (in use). Examples can be the number of copies in a copy machine
or the number of couplings for a circuit breaker. The repetition frequency should not be so large
that it changes the operating conditions, for example the test item has to cool down and stabilize
in normal "idle" conditions before the next event. For factors not determined by the number of
events, see below.

In time compressed tests, the time periods where the load from use and environment are low
are Ieft out of the test, leaving onIy the tlme perlods that influences most the reI|ab|I|ty or life of

¢ heat
during use will often reduce corrosion by reducing the relative humidity in the item).)Such "off"
periods are typically determined by calendar time and not operating time. Separate tests may
be negded to take these loads into account, for example moisture tests or corrgsion tests. These
considlerations also apply to event compressed tests.

5.6.4.8 Step-by-step procedure for event compression and time-compression tests
(Type C tests)

Step 1: determine which factors can be event compressed and-how much without chgnging
failure modes;

Step 2: determine if the test need be added to cover¢the failure mechanisms that afe not
determined by the number of events or are leff out for time compression.

Step 3: determine which periods in the mission.profile can be time compressed or [event
compressed and how much (IEC 6060542);

Step 4: estimate the acceleration factor(s) forthe potential failure modes (see 5.6);

"

Step $: determine the sample size (see IEC 61649);

Step 6: perform the test (see IEC 60300-3-5);

Step T: perform failure analysis;

Step 8: analyse test results for €ach failure mode separately (see IEC 61649);
Step I report results (see IEC 60300-3-5).

5.7 |Acceleration of-quantitative reliability tests
5.71 Reliability requirements, goals, and use profile
571 General

This materialis discussed at length and in detail in other dependability standards and literpture,
but, for Completeness some brief explanations are included in this document.

5.7.1.2 Item and component use profile

Often the manufacturers choose to test an item in an accelerated test that simulates
environmental stresses as they are experienced in the field. Some of the reasons for such tests
can be to verify that the previous tests (e.g. HALT) did not miss a failure mode that could appear
in life or to estimate field reliability of that item. There are instances where, due to space or
performance constraints, one or more components in that item can be insufficiently derated
which will possibly not provide adequate stress versus strength margin. In these instances, item
reliability can be highly dependent on the manner of its use, operational and environmental
stresses, their combination and sequence.
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An item use profile consists of the following:

e operational and environmental stresses, their magnitude and sequence;

e the duration and number of sequence segments.

These use profiles can be chosen from one of the following evaluation conditions: average use
profile, aggressive use profile, and a spectrum of use profile conditions.

These operational stresses and sequences should be known down to the assembly, critical
components, and those components that may have to be subjected to accelerated reliability
testing.

5718 Reliability goals or requirements

The oyerall reliability goal should be expressed in terms that are acceptable and understaridable
to the| organization or to the customer (see IEC 60300-3-4 [11]). This goal may, be expressed
as a gercent failed items at the end of a specific time period (i.e. warranty) ©r-multiple pdriods.
The doal may also be expressed as a warranty or maintenance cost(/At times it is [found
appropriate to express the goal reliability in terms of a mean time to¢failure (MTTF) or |mean
operating time between failures (MTBF).

Regaidless of how the goal is specified, it has to be understood{that the goal reliability is r¢lated
to the|manner the item is going to be used, and that the same "number" or "reliability measure"
is different for different use profiles (operational stresses, of‘location). Conversely, the MTTF or
MTBH of that item is only an average value representing the specific stress combinations. For
that feason, any claimed reliability values of an<item should be accompanied with the
explanation of the expected use and relative degree of severity.

In cages where two or more stresses are applied to an item consisting of several components,
the tept acceleration is done by increasing_each individual stress using models appropriate for
those|stresses. In these cases, failure rates representing each of the failure mechanisnps are
individlually accelerated and the overall\component reliability (R) or failure probability (F} shall
be edtimated separately. This can(be expressed in general form for a combination of n
indepgendent stresses as:

n
Requipment = HRi (37)
i=1
For the failureprobability:
Requipment :1_H(1_Fi) (38)
i=1

The problem of competing risks is described in IEC 61649:2008, Annex G.

If an item consists of m components or piece parts which at any given time are subject to a set
of n stresses that influences all the failure modes simultaneously, then its reliability R, in a

segment of time (part of a use profile where a specific stress combination exists) 7, is:
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m n
Ritem (Stresst; ) :H{ R, (Stress; x#; )} (39)
j=1Li=1 I

If there are w segments in total use profile with different stress combinations, then the total
reliability of that item for a life or other predetermined time, ¢, is:

[ = =
w m n
Ritem (Stresszg ) = H{ R, (Stress; x ¢, )J (40)
k=1 j=1Li=1 j
Where
w
o=t (41)
k=1

Thesd equations are conservative, i.e. they can seriously underestimate the reliability pf the
equipment.

The total average failure rate of such an item is also a function of applied stresses and uses
profilg, and can be written as:

In[ Riem (Stress, 1) ]
f

(42)

Jayoc (Stress, i) =—

For apy other stress conditions or use profile, the average failure rate of the item will be
differgnt.

Reliability requirements for repairable items shall be viewed in terms of expected preventive
maintgnance, that is, parts of the item should be viewed separately for reliability and th¢ time

duratipnsfor which the requirements are prepared should correspond to the exgected
maintepnance-time

5.7.2 Accelerated testing for reliability demonstration or life tests
5.7.2.1 Applicable test types

Since many tests are calendar time consuming many tests need to be accelerated. Most tests
can be accelerated to shorten the test time. Certain reliability tests that can be accelerated are
reliability demonstration, improvement, or assurance tests which can be:

e success tests, fixed duration;

o tests with failures, fixed duration;

e tests to failure (usually for components or small assemblies and individual failure modes);
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e reliability improvement or growth tests, which are usually prepared for a predetermined time
period;

e sequential probability ratio tests (SPRT) (see IEC 61124).

Engineering evaluation tests which are usually performed in view of a suspect failure mode can
also be accelerated provided there is some knowledge of acceleration factors for those test
items and the expected or suspect failure modes.

5.7.2.2 Reliability testing of an item

When a rellablllty test programme is prepared in view of the reliability for the speC|f|c use profile
then theT f ' reffpbility
estimates for other use profiles are reqwred for the same item, this can be achlev d by
additipnal testing or adjusting the test results by mathematically modelling the testiresllts to
the ngew use profile. This modelling can be done in cases where there is a known“relatignship
between the stresses and the use profile applied in the test and to the new adjlsted use profile
(see IEC 61709).

In cage there are multiple differences between the two use profiles, fhete is more chapce of
mode| inaccuracy in adjusting the reliability estimate for the new-profile. These differences
rapidly increase with complexity of the system under evaluation.

ltem and component reliability in regards to operational and environmental stresses| as a
functipn of predetermined time (life time) ¢y, can be exprgssed as follows:

R(19) =Ry (fo)XHRsi (fo)XHREi (%) (43)

In the| above Equation (43), Re(7y) denotes the reliability of the item regarding environmental
stresges for the time duration ¢y, *“while Rg(7y) denotes the reliability regarding operdtional
stresges. Factor R(¢y) is used.to represent the unknown interaction or synergism of individual

envirgnmental and operational stresses as determination of individual stress duratiop and
magn|tude assumes stress’ independency, which in most cases will possibly not be a valid
assumption.

Equation (43) can be-generalized to be written in the form:

S
Ritem (tO) =HRStressl- (ti) (44)

If Riem(?p) is the item reliability goal or the item reliability requirement that needs to be

demonstrated in test, then a reliability value may be allocated to each of the multiples in the
expression for the item reliability. Simplified for illustration the allocated individual reliabilities
may be assumed to be the same.

Ritem (to) :(RStress,« (ti ))NS (45)
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RStressl- (ti) :NS\/ Ritem (tO) (46)

The allocated values to reliability regarding individual stresses differ depending on the item
intended use and usage profile and its sensitivity to a particular environment. Besides the
magnitude of stresses expected in the actual use, it is their cumulative effect that affects item
reliability. The test duration is then calculated based on the duration of each of the stresses
applied in actual use, while the test acceleration is achieved by increasing the magnitude of
each of the individual stresses or by their time acceleration.

When|the purpose of the test is to estimate reliability in the field, an average user stress profile
shouldl be used. This profile can be estimated for given climatic conditions as (for expmple
Central Europe (see the IEC 60721 series). Different locations can have different prevalent or
extreme stresses. As an example, in some countries such as Northern Scandinavia, Canada
and Russia, low temperature can be one of the highest stresses, while New Mexico, Afriga and
India |t can be high temperatures. In Singapore and Japan the most prongunced stress gan be
humidity and in New Delhi it can be air pollution. Regarding the manper of use, the test can
simulate an average user or an extreme user (e.g. where less than.1\% of the customers$ load
the itgm more severely). It is not advisable to transfer a test result from one environmental and
user profile to another. Therefore many companies supplemént-the environmental test with
surviVfal tests where the purpose of the test is to determine if the item will survive a few extreme
loads|that are not expected to be repeated so often that they would influence the lond term
reliab|lity of the item. Such environmental tests are desetibed in the IEC 60068 series [12].

[

Often| items are tested with a stress cycle in orderto expose the item to several stresges in
combination or sequentially. Ideally, the stresses‘should be applied combined and internittent
in orcier to simulate the field conditions as.weéll as possible. But in practice this is seldom
possible. In order to use the test equipment,in-an optimum way and make it easier to locate the
stresq type and level that caused the_ fagilure the test is often made using a test cycle, for
example of one week duration (see IEC,60605-2).

In thg following it is assumed that the item is tested for each of the expected strgsses,
operational and environmentalk having in mind their levels and cumulative duration in actual
use ahd the corresponding total use period, ¢;.

accelgration factors. Fhe stress acceleration type and the item specific acceleration factors for
the vgrious expected stresses need to be known. These can be obtained through tests-to-failure
at different stress levels for the specific components (see Annex E and Annex F).

To m}ke testing possible, the stress levels are then accelerated by applying the appropriate

The arove programme can be prepared in different forms:

e as a success test, test with no tailures;
e as a test with an allowed number of failures;

e as a fixed duration test, but without reliability requirement, thus the reliability of the item will
be estimated based on the number of failures in the test;

e as areliability growth or improvement test based on an assumed growth rate (see IEC 61014

[13]).

In a success test, the result is a minimum reliability estimate. Without failures, the test
demonstrates the reliability requirement with applied (minimum) confidence intervals.

If this test is to allow a certain number of failures, then the determination of its duration should
account for the allowed number of failures. The test then becomes the "fixed number of failures"
test.
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If the test is a reliability growth test, then the total test duration (or sample size in view of
accumulated test time) is prepared for the expected total numbers of test failures, having in
mind the total duration of the applied stresses, required confidence and the required
demonstrated reliability (see IEC 61014 [13]).

5.7.2.3 Accelerated tests assuming non-constant failure rate or failure intensity

It is assumed that the failure rate or failure intensity follow the so called bath-tub curve (see
Figure 7). In the early failure period the failure rate or failure intensity is declining with time.

This is covered by IEC 61163-1 [14] and IEC 61163-2 [10]. In constant failure rate period the
failur ; i Tty ; = ; i

or failure intensity is increasing. This often define the life time of the item. The end gf.ife can
be defined as the time when the failure probability has reached a specified value foriexgmple
10 % [stated as the B,y value (see IEC 61649). An indication of whether the failure rate is
decrepsing, constant or increasing can be tested using IEC 61649 for non-repajred items. For
repaired items IEC 61710 has to be used. In both cases a value of #< 1 indicates the decrgasing
failurg rate or failure intensity.

p = 1lindicates constant failure rate or failure intensity, and g > 1(ndicates increasing {ailure
rate of failure intensity.
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Figure 7 — Bathtub curve

NOTE Some standards define the life time as the time where the instantaneous failure intensity has incrdased a
numbef of times.(This document uses the definition of Byo the time when 10 % of the items have failed (accurpulated

probabllity of.-failure). The instantaneous failure intensity therefore increases before the life time point. S¢e also
Figure [10,

Often testsareaimedatestimatingthe tifetimeof the-itermforexampte by estimatimgthe B,
value. Here it is a special problem that the failure rate or failure intensity curve often has a tail
to the left from the B,y value. This means that a small percentage of wear-out failures can occur
before the B4, value. Because of the limited sample size for most accelerated tests the

probability of observing the early wear-out failures are small. An important issue in planning
accelerated tests is therefore to estimate the probability of wear-out failures before the B,

value. It is important to note that the definition of B,y only states that at the B,y time the

accumulated probability of failure is 10 %. This makes no assumption if the 10 % was caused
by early failures, the constant failure period or wear-out failures.
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When the failure rate or failure intensity can be assumed constant the test can be analysed
based on the accumulated test time as described in IEC 61124. For example 77 items tested
each for 1 000 h would mean an accumulated test time of 77 000 h. To estimate the equivalent
hours of operation at operating conditions (in the field) the accumulated test hours then shall
be multiplied with the acceleration factor (4F).

NOTE 2 Other measures of operation like cycles, mileage or copies made can replace hours as a measure of the
test duration.

When the failure rate or failure intensity cannot be assumed constant, accumulated test hours
cannot be used to analyse the test. In that case 77 items tested for 1 000 h each would have to
be analysed as 77 independent tests each truncated after 1 000 h. In this case the 1 000 h shall

be mu
under

Commercial software programs often include test planning features. It is important before
brograms to check if the program assumes constant failure rate or failure intensity and

such

whether it assumes repaired or non-repaired items or allows replacement’of failed test
during the test. If the program assumes non-constant failure rate orfailure intensity
ant to note which g value is used or specified when using the‘Weibull distribution. For
including previous knowledge using the Bayes theorem see IEC 61740.

impor

5.7.2.

A suc
tests

real re¢liability (or shape parameter) can be determinéd using the success test.

If the
of an

Thep
were,

The e

field conditions.

3 Success tests

jemonstrate a minimum reliability for a defined canfidence level. No knowledge abg

MTBF value can be estimated (see IEC©0605-4 [15]).

hysics of failure interpretation of aisticcess test is that during the observed test time,
with a certain probability, no agtive failure modes.

(Juations for a success test.are the following:

Pa=1-R()"

R(#) = (1 = Pp)l/n

ltiplied with the acceleration factor (4F) to estimate the equivalent duration of thie test

using

items
it is

cess test is planned to end with zero failures. Sincé no failures were observed, sulccess

ut the

failure rate or failure intensity is assumegd to be constant, a lower 60 % confidenceg limit

there

(47)

(48)

n=1In(1 - Pa) / In(R(z))

where

R(?)
Pa
n

NOTE

is the reliability at time ¢;
is the confidence level;

is the sample size.

Equation (47) is often referred to as "success run".

(49)
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It should be noted that these equations do not use accumulated test time, but the test time for
each individual item in the test (z). The reliability R(z) is estimated without assumptions about
the failure rate or failure intensity.

5.7.2.5 Physics of failure tests

This test is planned to evaluate or verify the reliability based on the physics of failure model i.e.
focusing on determining which failure mechanisms (if any) are active during the planned life
time of the item under the expected operating and environmental conditions.

Step 1: From an engineering evaluation determine the worst expected failure mode and find
from ( revioustestsimhandbooksortiterature theretevantacceteration cquaiiun (DUU 5.") and
the relevant empirical factors (e.g. activation energy (£,) or m factor for the inverse power law).

Step 2: Determine the acceleration factor (4F) between the accelerated test conditions apd the
operaling conditions in the field (see Annex B). If possible tests should be performed at {wo or
three (different stress levels to verify the acceleration factor (see Annex E and"Annex F).

Step 3: Determine the test time ¢ required to simulate the operating time in the field at the time
wherg the reliability needs to be estimated for example at life time.

Step #: Determine the required sample size for a reliability R(z)’and a confidence level|of Py
using [Equations (47) to (49).

Step p: Perform the test of » samples for the test 4imé ¢ at each stress level (one to|three
differgnt stress levels).

Step 6:

a) If po failures were observed it can.be stated with confidence P, that the failure m¢de(s)

aslsumed in step 1 are not active in the tested items up to time ¢. In this case the accelgrating
fa¢tor cannot be verified.

b) If failures were observed during the test, perform a failure analysis. If the failure mode is
the same as assumed in step 1, the probability of failure or reliability at time ¢ mpy be

Step 7: Consider if, based on an engineering evaluation, the second worst failure mode should
be tested in a similar way, returning to step 1. Depending on the acceleration factor the second
largest failure mode may be covered by the initial test with an acceptable confidence.

A variant of this test method, the so called CALT test is described in Annex D.

5.7.2.6 Test planning based on the Weibull distribution

This test is also a success test, since it is planned to end with zero failures. The principle of the
testis illustrated in Figure 8 below. For further information see [16] and IEC 61649. If a reliability
of 90 % at 10 000 h has to be verified with 95 % confidence in a test, the procedure can be
illustrated in a Weibull plot as shown in Figure 8 below.
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Figure 8 — Test planning with a Weibull distribution

The ppint to verify~in a Weibull plot is 10 % failures at 10 000 h.

The Weibull curve is drawn with the assumed slope (f) and its 5 % and 95 % confidence|limits
are drpwn s0 that the 95 % confidence line goes through this point (10 000 h, 10 %). This means
that ifthetest of » items each for 10 00Q h result in no failure _a rnlinhilify of 90 % (10 % fa Iures)
have been estimated with 95 % confidence. The rationale for this conclusion is that if a failure
had occurred at exactly 10 000 h this failure had to be plotted in the point (10 000 h, 10 %).

The value of g can be obtained from previous tests of similar items, from literature or based on
engineering judgement. An example is shown in Figure 9 below.
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Figure 9 — Example of a test based on the Weibull distribution

rocedure for planning the test is described below, illustrated with a practical examp

le.

ailure

(i=1) is close to 10 %. To find the 50 % medium rank use the approximation median
rank = (i — 0,3)/(n + 0,4) (see IEC 61649), where i is the failure rank order and = is the sample
size. The median rank for n = 29 for i = 1 is found to be 9,8 %.

Step 2:

Test 29 items, each for 20 000 km. If no failure is observed the reliability R(20 000 km) has
been estimated with 95 % confidence.

NOTE

If the test estimate R(20 000 km) = 90 % with 95 % confidence it will estimate R(20 000 km) = 97,6 % with
50 % confidence (best estimate), since the point 20 000 km, 2,4 % is on the Weibull line, which is the best estimate.


https://iecnorm.com/api/?name=adc4a3daa201534f213c37a823219cdd

- 52 - IEC 62506:2023 © IEC 2023

5.7.2.7 Life time ratio

The life time is often defined as the time where a stated percentage of failures have occurred
for example By, value for 10 % failures (see IEC 61649). This means that the failure rate or
failure intensity will start to increase before the wear-out period as illustrated on Figure 10.
The small sample size reduces the probability of including items that fail before the life time in
the test In order to compensate for this the test can be continued beyond the required life time
of the item.
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Figure 10 — Life time and "tail®
of the failure rate or failure infensity

The ektension of the test beyond the end of the specified’life time are measured as the lifg time
ratio 4,. The L, value is defined as:

Life time ratio (L, ):

Test
L, =—58t
Ty (50)
wherq By is the specified:life, for example B,.

Succdss run formula ‘with life time ratio:

1
R(1)=(1-P) tfn (51)

The necessary input for the success test with life time ratio is the Weibull shape parameter g,
which should be assumed conservatively i.e. with a value in the lower range. The assumption
can be made for example based on predecessor items or tests. Using an L, value in the test

can increase or decrease the test time as shown in Figure 11 below.
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Minimal reliability, R (%)
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This test is also a success test, since it is planned to €nd with zero failures.
A pragtical example can be found in Clause B.4.<More diagrams can be found in [16].

5.7.2.8 Consideration of failures and prior knowledge in success tests (Bayes)

This ip also a special kind of a success.fun, where a small amount of failures is allowed

prior |

In cage of more than one failure the following nomogram (from [16]) can be used
nomogram gives the necessary life time ratio (Z,) as a function of g, the sample size p
number of failures x and_the prior information (see IEC 61710).

[
g

N
o

10

Life time ratio, L,

E: Reference [9], reproduced with the permission of the authors.

Figure 11 — Reliability as a function of lifetime ratio L,
and number of test items

nowledge is used to reduce the, sample size.
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SOURCE: Reference [9], reproduced with the permission of the authors.

Figure 12 — Nomogram for test planning

A life test shall be made on an item. A life time of By; =20 000 h is specified (R(20 000h) = 0,9).

Knowledge about the items from previous items are: Ry = 0,9 (with 63,2 % confidence) and the
Weibull shape parameter g = 2.

The verification should be made with P, = 85 % and »n = 5 test items.
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Acco
(line

rding to Figure 12 the life time ratio is L,, = 1,25. Therefore the test time #,,,; = 25 000 h
(1)

If some of the assumptions are changed the following modification to the test can be made
using Figure 12:

o |f
o |f

no prior information exists then » = 10 test items should be used (line (2));

one failure occurs during the test the number of test items increases to n = 14 (line (3)).

For more information see [16].

5.7.3

Testing of components for a reliability measure

Mass |produced electronic components are subject to accelerated stress testing tojdetegrmine

their

reliability measure (failure rate or other) under the use stress. To determine the appropriate

accelgration factors, test structures for new component technologies are ¢ested at several

stres

g levels to failure, and the appropriate failure modes and empirical” factors for the

acceITration models are determined. The qualification method is describedin JESD47B [2]]. The
i

selec
components.

on of stresses and their levels is made dependent on the expegéted failure modes pf the

Larger components manufactured in smaller volumes can offen be reliability tested |using
accelgrated test methods and statistical tools like IEC 61649%or IEC 61124. Based on th¢ ratio
of pafameters of the specific distribution (i.e. characteristic lives in Weibull distribdition),
accelgration factors are established for the particular §thesses which are then used to predict

their

eliability at other stress levels of the same stress types. If more than one distribution

parameters are different for the different levels of the same stress, then it can be expected that
the physical characteristics can change too. As_an“example, if the characteristic life as well as
the shape parameter in Weibull distribution is\different at different stress levels, it can pe an
indicator that perhaps the stress level ,was too high and has changed the phlysical
charagteristics of that component or that the manufacturing process was flawed. If that

happ

evaluated.

Usuallenvironmental stresses-for component testing are as follows:
e temperature;

e vibration;

. huTmidity;

o thermal cyeling;

o salt exposure.

Some|examples of operational stresses include

gned within the component rating.it.can mean that the component rating needs to pe re-

e voltage,
e current,
e force,

e friction.

An example of accelerated testing for a component is shown in Annex B.
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The accelerated test time is relevant for the estimated life of the components. It is testing to
failures that provides meaningful results while testing with no failures can provide information
only if the test approximates a component life with a margin. The traditional total accumulated
test time of multiple components (the total test time is a sum of all the times accumulated on
single components) can lead to meaningless results in predicting the reliability beyond the
actual test duration for a single component. As an example, 32 000 km on 100 tyres with zero
failures can lead to an erroneous conclusion that 36,8 % of the tyres would last 3 490 000 km.
The calculated failure rate is only valid to 32 000 km of the test. It is possible, however, to
estimate failure rates beyond the duration of test through WeiBayes analysis, assuming a known
Weibull slope (see IEC 61649).

While oxample—thisfactishno or-components- gtronic
components are normally tested by the manufacturers for 1 000 h, and usually\gn 77
compopnents from each of three different lots. If that test is accelerated, it can“pfovide
information only for the equivalent life time (normalized to use level). The fact that.the mlltiple
components were tested does not improve the test results, only the degree ofconfidence (see
JESD#7B [2] and JESD85 [8]).

5.7.4 Reliability measures for components and systems
5.7.41 Electronic components

With ¢lectronic components, the preferred reliability measureiis the instantaneous failurg rate
determined for standard profile conditions (see IEC 61709),

This Tllows the instantaneous failure rate to be re-ealculated for the actual stresses pf the
operational use profile of the item. The re-calculations-are done using appropriate acceleration
models (see IEC 61709).

This ;rformation is provided at a given environment (such as temperature as well as|other
specified stresses).

The il:ated failure rate is often the ayerage failure rate over the life time of the component,
assunping exponential time to {failire. However, some electronic and electro-mechpnical
components have a limited life(wear-out). For these components, it is necessary to esfimate
their |ife time. Components\with limited life include, for example: power transistors, |opto-
couplers, LEDs and laser diodes, wet electrolytic capacitors, varistors, light bulbs, rglays,
switches, connectors and:batteries (see IEC 61709).

5.7.4.p Mechanical components

With |mechanical components, the preferred reliability measure is the percent fdilures
determinedsfor standard profile conditions. Often this is stated as the operating time for a[given
perceptage of failures as for example 10 % (often denoted as B4 or L life) or 1 % fgilures

(oftenldenoted as B, or I, life) For the estimation method, see IEC 61649

This allows the reliability to be re-calculated for the actual stresses of the operational use profile
of the item. The re-calculations are done using appropriate acceleration models.

If expressed in terms of failure rate, the failure rate is often calculated as the equivalent failure
rate calculated from the estimated probability of survival and is valid for the specified stresses;
however, this gives no information about the expected life time of the component.

5.7.4.3 Assemblies, systems (items)

The more complex items made of components (electrical and mechanical, including software)
would be best represented by expressing probability of survival or probability of failure. These
measures allow combinations of different failure distributions and are more appropriate when
including software.
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5.8

Accelerated reliability compliance or evaluation tests

Reliability compliance tests, sequential probability ratio test (SPRT) and fixed duration tests are
designed with the assumption of a constant failure rate, as the complexity of items and their
failure modes would not accommodate any other distribution unless the tests were used for the
determination of item reliability with regard to individual failure modes, which is the case for
components (piece parts).

Given the high reliability (or MTTF or MTBF) of the items, these tests traditionally have cost or
schedule prohibitive duration and need to be accelerated. As the test designs are the same for
repaired or replaced items as for those that are not repaired, in this Subclause 5.8 the term

MTBF

is used for both MTTE and MTRBE

There

type i
be ap

The 4

appro
distril

wherg

fo is

The failure rate is then accelerated using proper acceleration factors for each of the a

envirg

are many descriptions, mathematical derivations, plot fitting and explanations®of th
h the literature, however the actual tests, what they consist of and what stresses
blied, as well as the rationale behind them, are not readily available.

verage failure rate that shall be demonstrated through the test is(determined fro
priate reliability equation. In its simplest form, the failure rate,~assuming expon
uted time to failure, is as follows:

. In[R(tO )]

o

the expected operating time.

nmental stresses and becomes:

N,
A =AFTest X g = ZS:[AFl [HAFk] X il-]

i=1 k

is the<failure rate that the item has in its "in use" conditions;

is‘the accelerated test failure rate;

s test
are to

m the
ential

(52)

bplied

(53)

is the acceleration factor for each of the increased stresses in test;
is the failure rate of the item corresponding to the specific stress;

is the number of stresses.

The total equivalent test acceleration factor is then the acceleration model for constant failure

rate:

LS (an(TT,am )< 4)

(54)
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73] a5 (Tuam )50 -

The reciprocal of the accelerated failure rate from Equation (52) will yield the MTBF, mg, which
can be determined from tests.

mOZ

1 -
o In(Ro(r0)) o

Other|parameters of the SPRT and fixed duration tests are then applied>in accordance with
normal SPRT test design (discrimination ratio, producer’s and customer;s risk, etc.).

The main difference between the accelerated reliability compliance)and the conventional test is
the minimum test time. This minimum test time shall not be shotter than the required minimum
test time, determined for the accelerated test which, in turn,is a function of required religbility,
the applied stresses and the test acceleration. The sample Size, therefore, shall be limifed so
that the minimum test time, corresponding to zero failtres on the acceptance line, is equal to
or longer than the minimum required accelerated test'duration for the demonstration of recI}uired
reliabllity.

The §PRT is designed in the same way as‘the non-accelerated test; the accept and reject
criterip are established, the test plan is prepared in accordance with the accepted producér and
conSleer risk, discrimination ratio, except the lower test MTTF is the reciprocal If the
accelgrated failure rate. The other excéeption is that the environmental stresses are accelgrated
and applied in the same way as they:are applied in the fixed duration tests.

An expmple of the accelerated SPRT is shown in Annex B.

5.9 |[Accelerated reliability growth testing

When| reliability growth testing is accelerated, each of the stresses that are expected|to be
presept in the item:life is accelerated in accordance with the acceleration criteria. The strgsses
can be appliedtindividually, in which case it is preferred that they are distributed for exaniple in
a test| cycle;,—so that the cumulative effect is simulated. The preferred manner is to apply as
many [stresses as possible simultaneously so as to include their possible interaction.

The duration of each applied stress is such that it represents its life application with the margin
necessary for reliability demonstration (as shown in fixed duration tests). Time to failure is then
the test time multiplied by the appropriate acceleration factor. When the stresses are applied
simultaneously, then it is important to determine the cause of failure so that the proper time to
failure can be established. Recalculated for the use time, the failure times are then organized
in increasing order and one of the analysis methods used for reliability growth test type is
applied (see IEC 61164 [17]).

When analysis is carried out in this manner, the order of stress application does not skew the
test results, as the failures are re-calculated per their "real time" of occurrence.

Annex B provides examples of reliability growth test acceleration and data analysis.
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5.10 Guidelines for accelerated testing
5.10.1 Accelerated testing for multiple stresses and the known use profile

When the accelerated testing is prepared for the various combinations of multiple stresses, it
is important to simulate the conditions of use to the best degree possible.

The stresses, both environmental and operational, are usually not applied as they occur in life,
which is in different combinations in each of the specific sequences. The test stresses are
combined where possible for the test, but are also performed as a single stress. The thermal
cycling and thermal exposure can be easily combined into one test, with the addition of
' i ' ' i done
h the
ocks,
acougdtic noise, dust accumulation, hazardous or explosive chemicals and lubricants; ar¢ very
difficdlt to combine with others. In such cases, the environmental exposures aré’distribuied so
that they can cause cumulative damage in sequence. This is done usually by isplitting yp the
duratipn of certain tests into two or even three segments, or even changing the seqlience
between the exposures.

5.10.2 Level of accelerated stresses

A reagonable general rule is that accelerated stress levels should,not exceed the levels at which
the phyysical or chemical properties of the test item can change.

For sgme tests where the intention is to understand the_stress limits of the item, this guifleline
does pot apply. With these tests, however, it is not recommended to relate the results fo any
reliabllity demonstration value, due to the inaccuragcies of any acceleration model beyond the
inhergnt assumptions. Examples of such tests ‘are step-stress or failure mode sensitivity
investigations.

5.10.3 Accelerated reliability and verification tests

Iltem performance tests are often confused with certain accelerated reliability demonstrdtions.
It is not unusual for a customer to-present the procedures along with reliability requirements.
Some|even claim that if the spetified tests are performed, reliability requirements would b¢ met.

Verifi¢ation tests are designed to verify the ability of an item to perform in accordance with the
specified environmental extremes, with adequate durability and reliability. If a specific relipbility
demopstration test is-required dictating a particular set and length of tests with a required
sample size it ustially does not represent a true reliability test and no demonstrated relipbility
can be claimed¥f that test was a success (without a failure). Even though those tesfs can
represent some duration in life, there can be no correlation made between performance
verifidation and item reliability.

Completion of verificalion tesis proves that the ifem conforms o the design specificafions so
that it can perform when subject to the listed extreme stresses. The sample size typically is
inadequate for any reliability demonstration or robustness to manufacturing variation, and the
fact that the small item samples are subject to limited test sequences does not allow any
statements about their reliability for all stresses expected to be experienced in their use.
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6 Accelerated testing strategy in product development

6.1  Accelerated testing sampling plan

For a qualitative accelerated test (Type A test) the sample size is determined by the number of
stresses and the number of identified failure modes. It can be necessary for an item to be
removed from the test either because the destruct limit has been found or because the item is
necessary for failure (mode) analysis. In some cases the item may be repaired and the test
continued. Therefore a number of spare modules and spare parts should be available during
the HALT. But it is recommended not to count on a repair being possible. Therefore the test
should be planned for at least one sample per stress type. For a classical HALT this means one

H 1 1 f h h t 1 'F h f 'F t t
for c nmpnra wre—onefor |g ampara wre—one—forvibration—onefortemperattte r\lc“ng

...........

and one for combmed temperature cycling and vibration. In total this is five. To accoynt for
more |[than one failure mode another two to five samples are recommended, so-\thg total
reconjmended sample size is seven to ten items. If that number of items is not available repairs
can be made during the test.

For a| quantitative accelerated test (Types B and C tests) the number;of”items are mainly
determmined by whether the purpose of the test is to estimate the ‘average constant risk
(expopential failure distribution assumed) or the purpose is to estimate’the time to failure (life
time) for the items.

For the exponential case the advantage is that the accumulated test time can be increaged by
incregsing the sample size as the accumulated test time is calculated as sample size multiplied
with ?st time. In this case it is assumed that testing one.item for 1 000 h gives the sameresult

as tegting 1 000 items for one hour each. Obviously’this is not the case. Therefore both the
sample size and the test time need to be chosen sg.as to have a realistic picture of the failure
mode|(time to the different failure modes) as weéll.as the differences of strength from item to
item (humber of samples in the test). A typical@ample size for an accelerated component test
is 77 samples for 1 000 h (see JESD47B [2])«For the exponential case, test plan standards like
IEC 6/1123 and IEC 61124 can be used. Ifya weak distribution is suspected the sampl¢ size
should be so large that at least one weak&item is with high probability expected in the test. The
accurEulated test time can be multiplied with the estimated acceleration factor in orger to

estimate the equivalent number of operating hours in the field. The average failure rate gan be
estimated using IEC 60605-6 [18].

time ghall be long enough:to give enough time to estimate the time to failure for the different
failurg modes. Each-'failure mode has to be calculated separately (see IEC 61649 and
IEC 6[1710). For a test’analysed using the Weibull distribution at least five to ten failures ghould
be expected. Since a Weibull test is often stopped once one third of the tested items haveffailed
the sample size‘should be 15 to 30 items. If more than one failure mode is expected [these
numbers should be increased with the expected failure modes. If a weak distributlon is
cted the sample size should be so large that at Ieast one weak item is with high probpbility

For the case where the purpose of the test is to estimate the time to failure (life time), t%e test

should™e Y A1t
(e.g. are destroyed) durmg the test, sudden death test can be used (see IEC 61649)

6.2 General discussion about test stresses and durations

Often the test methods of the IEC 60068 series [12] are used. These standards give different
test severities but no guidance on which severity to use. Some guidance can however be found
in the IEC 60721 series.

When comparing test conditions with field conditions it will seldom be possible to simulate the
field conditions since they vary with user, climatic conditions, etc. Therefore representative or
worst case conditions should be chosen. Some tests operate with the term "severe user" which
is a user defined so that only a small percentage, for example 1 % of the users, operates the
item under higher stress conditions.
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When testing for life time, for example using a test of Type C, the test is usually extended to
more loading cycles or longer time than the item is expected to encounter in the field in order
to take into account the variations in the stress and strength distribution and ensure a proper
confidence in the estimated reliability. This is called multipliers of the stress duration or life time
ratio L, (see 5.7.2.7 and Annex B).

Since the conditions of usage vary from user to user, geographically and over time the test
conditions have to be simplified. For practical reasons the stress types are often applied in
sequence instead of simultaneously. If the stress types are tested on different samples the test
will not detect the effect of interactions between the stress types. Therefore it is recommended
to combine stresses when possible. However, this usually requires more complicated and
expensive testequipmentWhenstresstypesare apptied sequentiatty itismportarttotombine
the stfesses to test cycles where the different stress types are applied in sequence forexample
during one day or one week. This test cycle is then repeated the required numberaf times. It
will often also be a consideration that the test is reproducible. This is important for test
laborgtories that test equipment for approval. An example is a drop test of an item. If the fest is
performed so that the item always hits in the same angle, the test will be very.reproducible, but
will nqt simulate the conditions in the field, where the angle at which the item hits will be random.

6.3 |[Testing components for multiple stresses

Normally components are tested for each stress type separately(see JESD47B [2]). However,
in some cases, a combined test is used in order to test for the combined effect of stresseg. One
example is preconditioning of components by exposing thém to three times a thermaljcycle
equal| to the soldering profile. Even though the _.éemponent is not soldered in this
precopditioning, the temperature cycling affects the interior of the components in a way dimilar
to the|soldering process. Another example of a combined test is thermal cycling after a maisture
sensifivity level test to see if delamination in the«components propagates (see JESD22tA113
[19] apd JESD22-A104 [20]). Often the component testing will target a specific failure mode in
order [to verify that the failure mode is not present in the component, or the time to failure is
acceptable. Component tests are often made on test structures instead of on functioning
components in order to save test effort and qualify the technology used for a family of
components. For components accelerated tests of Types B and C are recommended, Unless
the cgmponent test is done as a part.of root cause investigation in which case Type A tesfs can
be regommended.

6.4 |Accelerated testing-of assemblies

Assemblies are often( tested for each stress type separately. But since there are|more
interagtions possible_in an assembly than in a component, combined stresses are|more
imporfant for assemblies. Often assemblies have a size and a function suitable for a HALT test
since HALT tests often do not work well with small items (components) or large items (sysfems).
For il‘ssemblies accelerated tests of Types A, B and C should be considered. Ofteln the
maximumcapplicable stress in a Type B or C test is determined by the weakest componfent in
the agsembly.

6.5 Accelerated testing of systems

Systems are often tested with combined stresses using tests of Types B and C. Often these
stresses are combined in a test cycle. If the components and assemblies have been tested
previously, the test on system level will mainly test the integration of the components and the
assemblies. Usually the system will also include embedded software and this shall be taken
into account in the test (see IEC 62429). In many cases the exponential time to failure
assumption is made since the sample size is small and ideally there should be no failures or
only a few failures in the test. Often tests on system level are used for reliability growth testing
(see IEC 61014 [13] and IEC 61164 [17]).
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Analysis of test results

For qualitative accelerated testing (Type A tests) the result is the failure mode and the stress
conditions at which they were observed. A thorough failure analysis is required to find the root
cause of the failure and estimate by an engineering evaluation if the failure mode can occur at
lower stress levels in the field due to the variations of the strength and stress distributions (see
5.1.1.2). The purpose of the HALT test is to identify the few weaknesses in the item that need
to be improved for the whole item to be sufficiently robust. The tests of Type A do not give an
estimate of life time or failure rate for the item.

For quantitative accelerated tests (Types B and C) the acceleration factor shall be estimated to
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probability and time to failure can be added to estimate the failure probapbility of th
unction of time (see 5.2.2.1) based on the relevant failures. Statistical/tools that c
or analysis include IEC 61123, IEC 61124, IEC 60605-6 [18], IEC61649 and IEC 6

mitations of accelerated testing methodology

are several major limitations to accelerated reliability tésting methodologies shown
ng list (which is not exhaustive):

termination of acceleration factors is very complex and can be cost and time prohi

celeration factors, have limited precision.

can be very difficult at times to speculate which stresses contribute in combinatio
ecific failure mode and to what degree. Therefore the acceleration factor for comn

ms to be tested can be too large, or too expensive. In either case, the sample siz
limited for a reasonable confidence level in test.

st equipment, which includes automated test monitoring, can be too complex
ordable or manageable:

me means of testiacceleration will possibly not be attainable because of large th
sses of the tested-items or because of limited stress rating. Thus testing can also be
e and cost prohibitive due to lack of efficient acceleration.

HALT, the-'number of test samples is frequently small, and will possibly n
bresentative of the average strength of all of the items, so that its destruct design

ere the test unit can be of higher strength than that of the average samples.
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components testing, usually the curves are constructed based on times 10 Tallure

, and

those are used for determination of test acceleration and for information on components
reliability. When the components are small and have failed catastrophically (burned or
greatly changed physical properties), it often is not possible to determine in which failure
mode they did fail, therefore, the results can be fitted with the wrong distributions, resulting

in

the wrong reliability information.

e Accelerated testing of items yields information on only stresses and their combination that
are considered for test preparation. The test results cannot be used if the item is used in a
different manner or in different environments. A re-test would be required.

e The results of quantifying reliability through acceleration cannot always be predictive on an
individual item since it can operate at different stress levels than was tested.
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Annex A
(informative)

Highly accelerated limit test (HALT)

A.1  HALT procedure

Table A.1 illustrates the differences between classical accelerated tests and HALT tests.

Table A4 C . bet lassical lorated_test | HALT test

[est type Sample size Test time Number of failures Analysis|
Classjcal test Large (typically 30 Very long (months) Zero or few failures | The-test'is plapned
to 60) (typically less than s0 alobserveq

faildres should|be
relevant for fie|d

conditions
HALT|test Small (typically 10) Very short (days) Several failures Each failure stall
(typically 10-or be analysed to
more) evaluate whether it
is relevant for field
conditions

Figurg A.1 illustrates how FMEA (see IEC 60812 [6])gives input to HALT and receive results
from HALT. One advantage of HALT is that it can identify failure modes that were not exgected
when [making the FMEA.

------------------ FMEA -y ottt HALT T
— 4 : I Design of functional tests |
System definition 3 | 1
l | Thermal steps (Cold/Heat) I
Identification of potential ; ! l
failure modes ! i
T ! | | Rapid thermal step |

Effect of‘each failure | i ; ‘
0 ' | Vibration step |

mode.on the system

7 !
Rallure mode prioritization L | Combirled step |
----------------------------------------------- —> | Corrective action |
Figure A.1 — How FMEA and HALT supplement each other
A.2 HALT step-by-step procedure
A typical procedure for HALT is as follows:
Step 1: Determine the stress level where the test will be stopped if the unit under test (UUT)

has not failed.
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Set-up: mount the UUT in the HALT chamber and make the necessary connections
for power supply, signals in and out, connections to monitor the function of the UUT,
etc. The stress level on the UUT should be monitored by sensors (e.g. temperature
sensors, accelerometers). Care should be taken that the connections can survive
the stresses applied in test. In some cases part of the UUT that need not be exposed
to high stresses, are placed outside the chamber, so HALT is not applied to them.

The item should be mounted to the HALT vibration fixture so that the desired
vibrations or shock profiles are applied to the UUT without being significantly
dampened. The fastening or fixture should not protect the UUT from rapid air
movements in the chamber. In some cases it can be necessary to remove
enclosures to allow free access of the chamber air to the interior of the UUT. It can

Step

Step 4:

-

Step 4

Step 6:

Step T:

1 | 4 L ' L 4 4 4l 4 t
arso-behnecessary-toremoveprastcencrosturesor-partsor-componentsthatrganno

survive the high temperature or vibration acceleration during the test.

Initial testing: the UUT shall be functionally operational prior to(HALT| The
monitoring devices also need to be tested for their proper functionality., Conneftions
to the UUT also need to be checked for their integrity and capability to withstand
the stresses in the HALT chamber, for example high air flow.

Increase the applied stress to the desired level. If theCUUT is contingyously
monitored, the stress level may be increased continuouslyy'[f continuous morﬂtoring
is not possible, the stress levels shall be increased in(steps, allowing the UUT to
stabilize at each level before it is functionally tested(to gather the possible failure
information (if a failure did occur). The stress level/is then reduced to see|if the
function of the UUT is resumed, possibly after a-feset. If the functionality resumes,
then the stress level where the UUT stopped{unctioning is the operating limit{ (OL).

The stress level is increased until the UU4,can no longer resume functionind even
when the stress level is decreased. This ‘stress level is the destruct limit (QL). In
some cases the function can be resumed when the stress is removed even though
there is a permanent damage (e.g. @crack). Therefore a so called detection gcreen
is used where the UUT is subjected to a weak vibration level during the funqgtional
testing to activate intermittent failures. The UUT is then inspected and if necgssary
removed from the test chamber so that enough information can be collecjed to
determine the failure mode; and if possible the root cause of the failure. In[some
cases the UUT will be permanently removed for failure analysis. In that case p new
UUT should be mounted and the test continued. Where possible the fault in the UUT
should be repaired,vand the weak part of the design should be strengthened (e.g.
by support or filling material) or protected (e.g. by directing cool air to the pqgsition
or isolating the.item against cold air as relevant). In some cases the part pf the
weaker design can be protected from the high stress or even moved out of the test
chamberiwith connections to the rest of the UUT inside. In this way the test ghould
be allewed to continue to find the next weakest part of the design.

Continue until the DL has been found or the limit determined in Step 1 has| been
reached.

Repeat the procedure from Step 2 to Step 6 with another type of stress (e.g. hot
air).

NOTE The traditional HALT uses the following sequence of stresses: low temperature, high temperature and cycling
between high and low operating temperatures.

Step 8:

Step 9:

Step 10:
Step 11:
Step 12:

Repeat Step 2 to Step 6 with cycling between UOL and LOL. Thermal cycling should
avoid failure modes observed at temperature stress steps, therefore the operating
levels UOL and LOL are used.

For the traditional HALT now repeat Step 2 to Step 5 with vibration or shock pulses.
For the traditional HALT combine thermal cycling (Step 8) and vibration (Step 9).
Repeat Step 2 to Step 5 for the combined stresses.

Perform failure analysis to determine which failure modes can occur at lower stress
in the field use. Estimate the margin of the design taking into account the worst field
conditions and the variations in the manufacturing processes.
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Step 13:

— 65 —

Report result. When the design improvements are implemented, it is recommended

for the UUT to be retested, if possible, to verify improvement (IEC 60300-3-5).

Depending on the type of item and its sensitivity, the order of test stresses can be changed.

A3

Example 1 — HALT test results for a DC/DC converter

Examples in Table A.2, Table A.3 and Table A.4 are from [21].

The DC/DC converter is designed for installation in an aeroplane.

Table A.2 — Summary of HALT results for a DC/DC converter

Fxposure Result Remarks Possible cause Action
Low temperature LOT —-70 °C (start- Weakness: Unstable start-up of | (Nohe
up) start-up unstable 5V and 3,3V at low <
LOT 76 °C temperature Limit of techndlogy
(operation) Characteristics
h d — Ripple
LDT Not found changed = @v=e
High {emperature UOT +125 °C Weakness: 12 V Internal temperature | Limit set in software
disappeared limit ‘causes
UDT Not found shutdown
Vibrafion OVL 294,3 m/s? Loose screw Screw too loose Apply Loctit92
RMS .
Unstable voltage Hand-solder failed Solder procesges
588,6 m/s?® RMS
VDL 588,6 m/s?
RMS
Tempgrature No weaknesses
cycling -65 °C to found after more
+120fC than 20 cycles
4 min|to 10 min
dwell time
Comblined vibration 3 components fell Review fixing
and tgmperature off PWB processes
cycling 40 g RMS,
50 g RMS and
60 g RMS Problems with 5 V Further
_65 °C to +120 °C DC inve§tigation
required
SOURCE: Reference [21], reproduced with permission of the authors.
NOTE | To\ehable the DUT to be tested during the test the levels in the combined vibration and temperature [cycling
test haSbeemTeduced:
A.4 Example 2 — HALT test results for a medical item

The medical item is designed for diagnostic use at a hospital.

2 Loctite is an example of a suitable product available commercially. This information is given for the convenience

of users of this document and does not constitute an endorsement by IEC of this product.
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Table A.3 — Summary of HALT results for a medical system

(PC)
LDT Not found

stops

Exposure Result Remarks Possible cause Action
Low temperature LOT -35 °C —20 °C. Output Error not found but
(module) unstable. similar problems
seen in production
LOT 0 °C -35 °C. System

at +10 °C

UDT Not found

High temperature UOT +59 °C Stops after Oscillator failure

switching task.

+60 °C To be analysed
Fan does not start. .

+70 °C Component. failure
3,3 V shorted.

UDT Not found To be analyseq

Keyboard error .

+60 °C Component failure

+70 °C

10 mih dwell time

Vibrafion OVL 49,05 m/s? Keyboard error Component as|at
RMS Output not updated #70°C
2
2&2196,2 m/s Lines on screen CR;\TI]V&T:]Z?“
OVL 490.5 m/s? l%gsr{ggard Loose capacitdr?
RMS Capacitor and table
Front end error
VDL 294,3 m/s? loose
RMS Module stoppeg Crystal defect
4 transmitters dlefect
Short in filter
Tempgrature No weaknesses
cycling 5 °C to found after 6,5
+ 55 1qC. cycles

Comblined vibration
and t¢mperature
cycling 30 g RMS,
40 g RMS and

50 g RMS

5°C fo +55 °C

98,1 m/s?2 RMS'and
temp. cycle

294,3 fa/s? RMS
temp. cycle

294,3 m/s?2 RMS
and +80 °C

490,5 m/s?2 RMS
and
-20 °C

490,5 m/s? RMS

temp.cyucle
oY

Module stopped
Keyboard error
Module stopped
Language change
Unable to start

Two functions
unstable

Troubleshooting

Component angd
reset failed

No test possible
SW — battery?
Module defect
Filter failed

Further examination
required

490,5 m/s? RMS
temp. cycle

SOURCE: Reference [21], reproduced with permission of the authors.

NOTE To enable the DUT to be tested during the test the levels in the combined vibration and temperature cycling
test has been reduced.

When the top 10 list of field failures were compared to the failures found during the HALT test
it was seen that all failures except one had also been found during the HALT test. The failure
that was not found was due to this part of the item not being tested in the HALT chamber [21].
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A.5 HALT test results for a Hi-Fi equipment

The modules were designed for use in a Hi-Fi equipment for domestic use.

Table A.4 — Summary of HALT results for a Hi-Fi equipment

Exposure Result Remarks Possible cause Action
Low temperature LOT -55 °C Noise during None
change from radio
LDT Not found to CD
High temperature UOT Not found Test stopped at None
+110 °C due to test
UDT Not found cable failure
Vibrafion OVL 245,25 m/s? 5 components failed Mounting of
RMS conponents

294,3 m/s? RMS

VDL 343,35 m/s?
RMS

1 component failed

Tempgrature cycling
-50 °C to +100 °C

30 mih dwell time

10 cygles

Incipient stress
symptoms at solder
joints of heavy
components (not
critical after 10
cycles)

Solder joints
analysed

Comblined vibration
and t¢mperature
cycling 10 g RMS,
20 g RMS,

30 g RMS,

40 g RMS and

50 g RMS

-50 °C to +100 °C

Problems regarding
CD playing at low.
temperature

Mounting of 2
components

SOURCE: Reference [21], reproduced with permission of the authors.

NOTE | To enable the DUT to be tested during the test the levels in the combined vibration and temperature [cycling
test hap been reduced.

For miore detailed information see [21].
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Annex B
(informative)

Accelerated reliability compliance and growth test design

Use environment and test acceleration

2023

To successfully design an accelerated reliability test it is necessary to have a good knowledge
of the intended use environment, environmental and operational profile of the item, and item
design capabilities. Acceleration of various stresses is a well established technique published

in the literature, books and articles. They are based on the assumption that the test

demopstrates the strength of an item regarding the applied environmental and oper3

stress
using
test).

B.2

The it
stresg

predefermined life ¢, item reliability is then written as:

In the
(oper
expo
(vibra
door
avera
are in
ON/O

For thie test, a reliability value is allocated to each of the multiples in the expression for th

reliab
the it
paran
durati

es, and shows whether the UUT did have a related failure (success or life{test).
such tests, the design can be improved to withstand these stresses (r€liability d
This methodology is briefly discussed in Clause B.2.

Determination of stresses and stress duration

em is expected to be reliable regarding each of the applied ényvironmental and operg
es, thus its overall reliability is the product of individual respective reliabilities.

S
Ritem (tO ) = HRStressl- (ti)
i=1

above equation Rgtress,; denatés reliability of the item regarding individual str

tional or environmental). Environmental stresses here are those climatic (th
ure, thermal cycling, humidity, the ramp rate of the use temperature, etc.) and dy
lion — random or sinusoidal-ér both, shock — such as potholes for vehicles, transport
lam, etc.). Their application and levels depend on item use environmental strg
pe and extreme. Other stresses related to item operation which vary with the use p
cluded in the greup® operational stresses. Examples of such operational stresse
FF cycling, power-stresses and voltage variations.

lity. The_allocated values to reliability regarding individual stresses differ dependi
em intended use and usage profile and its sensitivity to a particular environn
eter“Reliability value also should be allocated to the interaction factor. The ng

tional
When
rowth

tional
For a

(B.1)

esses

ermal
namic
ation,
sses,
rofile,
5 are:

b item
ng on
nental
minal

nof the test for the actual stresses is calculated based on the cumulative damage

model

and the stress-strength criteria. Here the equivalent test damage occurs by increasing the
magnitude of each of the individual stresses, all within the maximum design limits of the item.

In this accelerated reliability test to simulate real life exposure, all of the test units (n) are subject
to each of the stresses in the entire test sequence.


https://iecnorm.com/api/?name=adc4a3daa201534f213c37a823219cdd

IEC 62506:2023 © IEC 2023 - 69 -

B.3

Overall acceleration of a reliability test

Regardless of the reliability demonstration test type, the main principle is the failure rate
acceleration:

Ns

A =AFrest X g :Z(AF;‘HAFk X’lz}
k

i=1

15
k

The td

Simpl

is the failure rate that the item has in its use conditions;

is the accelerated test failure rate;

is the acceleration factor for each of the increased stresses in test;
is the failure rate of the item corresponding to the specific stress;

is the number of stresses;

is the product of the acceleration factors of stresses affecting the failure mod

tal equivalent test acceleration is:

55 L)
o

AFtegt =

£ el |80
o

AFrest =

fied by @assumption that equal reliability can be allocated to each of the stresses:

(B.2)

e .

(B.3)

R(t;) = Rs(tg) = "$[Rn(10)

A; = A, =const.
’10 = Ng x }“S

1 Xt
e I USRI

s o
AF, Test = /10

(B.6)
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Then the overall acceleration factor becomes:
1 s
AFrest =——x Y| AF; x[ [4F; (B.7)
Ns i3 k
B.4 Example of reliability compliance test design assuming constant failure
rate or failure intensity

B.4.1 General
The rgliability compliance tests in IEC 61124 are based on the assumption of the constant
failurg rate or failure intensity. The primary measure of reliability in these tests ijs"mean time to
failurg, MTTF, or mean time between failures, MTBF; therefore, these tests)are applicable for
the tgsts without replacements or repair of the failed units as well_as -for the testg with
replagement or repair of the tested units.
In thi§ example constant failure rate or failure intensity is assumed and the life time-ratio L, is
1, singe no wear-out is assumed. But L, is retained in the equations to enable computatipns of
cases| assuming non constant failure intensity.
In eagh case, the tests are based on requirements or goals for reliability as well as for prgducer
and cpuistomer risk or confidence in the test results..Table B.1 represents an example of tHe use
envirgnment for an automotive electronic device:

Table B.1 — Environmental stress conditions of an
automotive'electronic device

Parameter Symbol Value
Required life to 10 years = 87 600 h
Required reliability Ry (1) 0,8
Time ON ton 2 h/day =7 300 h
Temperature-ON Ton 65 °C
Time«©QKkF torF 22 h/day = 80 300 h
Temperature OFF Tore 35°C
Thermal cycling AT e 45 °C, twice a day
Total cycles N, 7 300
Temperature ramp rate & 1,5 °C/min
Vibrations, random Wise 16,68 m/s> RMS
Relative humidity RH . 50 %
Activation energy E, 0,7 eV — for moisture 0,9 eV

NOTE The software program used to calculate this example uses Boltzmann'’s constant kg as 8,63 x 107%eV K 'in

accordance with [22].
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To ensure as much synergy among different stresses as possible, it usually is the practice to
apply multiple stresses during the same test, as many as the test set-up equipment or facilities
allow. Thus it is often the case that the thermal cycling is combined with the thermal exposure,
operational cycling and the applied power. In those cases, the stresses are distributed so that
they are spread throughout the duration of such a test. Those tests for which it is not possible
or practical to perform simultaneously with others, such as humidity and often vibration, it is
recommended that the tests are evenly distributed so that the cumulative damage of the stress
on the units corresponds to that experienced in use.

For the example given in Table B.1, where the required 10 year reliability was 0,8, the
corresponding MTBF is:

Oy =———% _~393000h

In(Ro (7o)

(B.8)

Depending on how many failures are experienced in the test, if the SPRT test plan A.1( from

IEC 6

1124 is used, the minimum test time is 3,23 times the MTBF, meaning it can be re

contique through for about 63 400 h = 7,2 years (a cost and sChedule prohibitive endea

There

that trTre test duration be 1 268 008 h. If there were 20 test units; then the test would h

ore accelerated testing is used.

The r¢liability of the item regarding each of the stressesis:

Ri(t0) = [Ro(19)}' = 0946

uired
%ve to
our).

(B.9)

(B.10)

This gxample uses the stress conditions shown in Table B.1.
B.4.2 Thermal cycling
ATysd =45 °C;
Trest| =105 °C to -20:°C (the 105 degrees consists of a chamber temperature of 85 °C and
a 20 degregetemperature rise in the UUT when ON);
ATresl =105 +(20) = 125 °C;
EUse =1,5.°C/min;
ETest =10 °C/min;
m =40
m 1
ATU CUse 3
NT t :NU XLV X[ se \J X[
e s AT Test CTest
Ntest =557 cycles.
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B.4.3 Thermal exposure, thermal dwell

Normalize the duration at the OFF temperature to the ON conditions:

E, 1 1
t =toN +/ exp| —= - B.11
ONn ON T/OFF * p|: kB [TOFF +273 TON +273]:| ( )

fony = 15 055 h.

Calcujate the necessary accelerated test duration:

E 1 1
t =t L, xexp| ——2 - ,
TTeSt ONN x v 8 p|: kB 8 (TON +273 TTest +273 j} B 12)

tr . 1188 h.

For sfress synergism, combine the thermal exposure with the thermal cycling, distributing the
thermpl exposure over the high temperature of the thermal cycling to determine thermalfdwell
at the|high temperature.

tTD :[TTest
NTest
&b =2,13 h =128 min B.13)

With fhe ramp rate measured on the device of 10 °C/min and the stabilization time at high and
low tgmperature of 5 min‘the duration of the thermal cycle will be:

tfa-= 2 x(ramp time) + (stabilization time+thermal dwell) + dwell at cold

trc =2 % (125/10) + 128 + 5 = 158 min = 2,63 h B.14)

B.4.4 Humidity

This test is performed at RH1gg = 95 %, and temperature, Tgy = 85 °C.

The duration of humidity exposure is equal to the normalized temperature exposure, /gy N-

h
RH, E
RH =LV XtON X Use xXexp - L — L (B15)
Test N RHTest kB TON +273 TRH +273
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with

h = 3;

Ep =0,9;
IRH gt =392 h.

where parameter / is the exponent for the power law humidity acceleration factor.

Since the humidity test also contributes to the thermal dwell damage there is a need to
compensate for th|s Equat|on (17) can be used to est|mate the equwalent of 392 h at 85 °C at
atem 3 d-to c
on 55) cycles thls means that the 105 °C dweII in each cycIe has to be reduced by 13 in out
of the|128 min.

B.4.5 Vibration test

The required kilometre age for ten years was 240 000 km, which translates into 150 h pgr axis
vibratlon at 1,7 g RMS:

Wise | = 1,7 g RMS;
Wiest| = 3,2 g9 RMS;

L, =1,0.
w
"y
tvib Test =Ly X tvib Use X[W = j B.16)
Test

with

w =4;

tvib Tdst = 12 h per axis.

Vibrann, when accelerated, shall have the same profile (same frequency content) as when not
accelgrated. A different vibration profile would not allow a meaningful acceleration.

B.4.6 Accelerations summary and overall acceleration

For thie four tests accelerated in B.4.2, B.4.3, B.4.4 and B.4.5 (the number of stresses Ng = 4),
the aqceleration factors are as follows:

Nyse _7300

AFc =—58 =~ -13/1

Te NTest 557 (B.17)
fony 15055

AFpp =—N = =12,7 (B.18)

o, 1188
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foNy 15055
tRHTest 392

~38,4 (B.19)

APy, =—2use 10 _ 455 (B.20)
Wibrest 1
To dgtermine the overall acceleration factor, it will be assumed that vibration and\thermal
cycling are stresses that would accelerate the same failure modes, while thermal €xposure and
humidity would accelerate another failure mode.
The olerall acceleration factor would then be:
AF7e x AF\jiy, ) +( AFpy x AF;
AF:(( TC Vib ) +(AFRH TD)) B.21)
Ng
AF = 162,86 B.22)
It is important to notice the difference between the standard practice of multiplying all pf the
accelgration factors, which would provide>an overly estimated overall test acceleration of:
AFSP =AFTC XAFVIb XAFRH XAFTD = 8,05)(104 B23)
It is intuitively apparentthat this standard practice acceleration is extremely unrealistic and can
lead tp grossly erroneaus reliability conclusions.
The apceleratjon,of test then produces the following result:
In t
Ja =—M=255x10_6 B.24)
o
In t
Mest :—MXAF = 4,16x107* (B.25)

)
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Or using MTBF:

6y = 3,93 x 105 h

Orest = 2 416 h

The compliance test shall then be designed for the above MTBF as a requirement. However,
the test will not have to demonstrate the very high required MTBF, §, = 3,93 x 10% h, but owing

to the test acceleration, the MTBF about 163 times lower, i.e. Or. = 2 416 h or 100 days. But

the calendar duration of the test is determined by the number of thermal cycles (557

2,63 K
the vi

Accor]
MTBH

= 1464 h or 24 days. To this, the humidity test of 392 h or approximately 17 ‘day
bration test lasting 3 x 12 h have to be added. In total approximately 43 calendar d

to be verified, assuming a discrimination ratio D = 1,5 and the supplieriand custom

o =r£ = 20 %. If 20 items are tested in the accelerated testing, the’ required mirn

accu
durati
with t

B.5

In thig
be tak
test (4
c=8
factor]
to fac

But in

Assur
the itq

ulated test hours is T = 3,23 x 2 416 = 7 804 h. With 20 items'in the test the cal
pn of the compliance test is 390 h (16 days). For comparison with’Clause B.5 the tes
ree items to test would be 807 h (34 days).

Example of reliability compliance test design-assuming non-constant
failure rate or failure intensity (wear-out)

example the same data as in Clause B.4 @are used. But since possible wear-out

= 3), and g = 2,0 Figure 11 gives a life'time ratio L,, = 1,5 for a probability of acce

) % (20 % risk) and a minimum reliability R = 80 % (20 % failures at the end of life
L, shall be included in all the equations ((B.10) to (B.16)). This has been chosen in

this case it is easier to multiply the accelerated test time with the L, factor.

m (87 600 h). Note.that all three items in the test shall be tested for 131 400 h sin

accumulated test time cannot be used in this case. With the acceleration factor AF = 162,

calen

NOTE
Clause

jar test time would be 538 h — 22 days to verify an item life of 10 years.

| The life<time ratio L, = 1,5 has been selected so that it is not necessary to recalculate all equa
B.4. Bufit-does not mean that the method in IEC 62506:2013, Clause B.2 was correct.

times
s and
ay'S.

ding to IEC 61124 Test plan A.10, the minimum test time (0 failures)(is"3,23 timg¢s the

Br risk
imum
endar
t time

hould

en into account in the test, the life time ratio'is different from 1. Assuming three itens for

tance

. The
order

litate the use of the example forydifferent L,, values (L, = 1 as well as L, different from 1).

ning O failures during thetest, the required test time is 1,5 times the specified life time for

ce the
B6 the

jons in
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Annex C
(informative)

Estimating the activation energy, E,

2023

The following example illustrates how the activation energy can be estimated based on a test.

To estimate the activation energy for a typical component like a power amplifier (size 5 mm x
5 mm x 2 mm), and a typical failure rate of 90 FIT in operating condition, the supplier should,

for ex

Cc

e another 300 components for one year at 125 °C and observe three failures. The failun
can be calculated as 1 146 FIT;

e another 300 components for one year at 140 °C and observe nine failures. The failur
CT be calculated as 3 465 FIT.

If all
linear
a stra

straig

. 5jO components for one year at 100 °C and observe one failure. The failure rate.c

ample, test:

Iculated as 228 FIT;

ailures are caused by the same failure mode the three failufeyrates can be plotte
log plot. If the three data points, with an engineering approXimation can be modelle
jght line, the Arrhenius equation applies, and the activatielr energy E, is the slope

nt line as shown in Figure C.1 below:

In[4(7) ] <InfA(7) ]

A1

Ty T

Ea =kBX

an be

e rate

e rate

d in a
d with
of the

(C.1)
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Figure C.1 - Plotting failures to estimate the activation energy E,

IEC

From this example it can be clearly seen that'estimating the activation energy is very timg¢- and
resoufce consuming. The activation energy should be estimated for each of the sign
failurg modes active in the component..Jherefore the activation energies for the different {
mode$ are usually only estimated foria new component technology. Often these tests are
on tesgt structures and not on functional components. The estimated activation energie
then @ised for all components-manufactured using that component technology; therefo
user ¢f components should get information on the activation energy of the dominating f

mode(s) from the component manufacturer.

ficant
ailure
made
s are
e the
ailure
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Annex D
(informative)

Calibrated accelerated life testing (CALT)

D.1 Purpose of test

The purpose of a calibrated accelerated life test (CALT) is to estimate the reliability or life time
of an item based on three accelerated tests of a few samples. The procedure is adapted from
GMW8758 [23]. There exists commercial software that supports the method.

D.2 | Test execution

Step

Step 2
Step 8

Step 4

Step !

A4

Step 6
Step T

Step 8

Step 9

be applied in the test without the item failing immediately or aften'a’very shor{ time,
or fail with a failure mode not expected in the field. This stre§s, level will be higher
than the normal stress level and outside the specifications/for the item.

Based on an engineering evaluation determine the maximum stress tevel thit can

Select a stress level of for example 90 % of the level identified in Step 1. Thislis the
high stress level.

Test at least two items at the stress level determinied in Step 2 and recofd the
number of cycles to failure or time to failure for each item.

same failure mode then continue with Step’ 5. If more than one failure mgde is
observed the test should continue with.Step 5 hoping that Step 5 will identify the
dominant failure mode so the non dominating failure mode(s) can be treated as
suspended items (see IEC 61649).

Reduce the stress level of Step:2 with for example 10 %. This is the medium ptress
level.

Make a failure analysis of the failures observed in Step 3. If all items fail wi£h the

Test at least two items at the stress level determined in Step 5 and recofd the
number of cycles to fajlure or time to failure of each item.

Identify the dominating failure mode and check that it is relevant for the fgilures
expected in the field.

Plot the failures observed in Step 3 and Step 6 in two Weibull plots and detgrmine
the characteristic life for the two test samples (see IEC 61649). Plot only the
dominant failure mode and treat any deviating failure modes as suspended |tems.
If there\is more than one significant failure mode the test shall be performed and
analysed for each failure mode separately.

Plot the two characteristic lives against the stress levels on a log-linear scalg if the
Arrhenius model is expected to be relevant or on a log-log scale if the inverse power
law model is expected to be relevant.

Step 10

Step 11

Step 12

Step 13

Extrapolate the line through the two points in the plot down to the expected stress
level in the field.

Select a stress level that is as close as possible to the expected stress in the field
taking into consideration the trade-off between the following two factors: The stress
level should be as close to the expected worst case operating conditions ("the
severe user") in the field as possible in order to reduce the risk of the extrapolation.
On the other hand the stress level should be as high as possible in order to reduce
the test time. The chosen stress level is called the low stress level.

Test at least two items at the stress level determined in Step 11 and record the
number of cycles to failure or time to failure of each item. If more samples are
available it is recommended to test them at this stress level.

Ensure that the same failure mode is dominating the tests at all three stress levels.
Other failure modes are regarded as suspensions in this analysis (see IEC 61649).
If more than one failure mode is significant they should be analysed separately.


https://iecnorm.com/api/?name=adc4a3daa201534f213c37a823219cdd

IEC 62506:2023 © IEC 2023 -79 -

Step 14

Step 15

Step 16
Step 17

Step

Step

Step 2

—Hre-identified-in-Step—3-6-

8

Plot the failures observed in Step 12 in a Weibull plot and determine the
characteristic life for the test samples (see IEC 61649). Plot only the dominant
failure mode and treat any deviating failure modes as suspended items. If there is
more than one significant failure mode the test need to be analysed for each failure
mode separately.

Plot all three characteristic lives on the plot made in Step 9 and superimpose the
best fit linear regression line through these three points. Extrapolate the line to the
expected stress level in the field.

Read the expected characteristic life at the expected stress level in the field.
Estimate the empirical factors of the acceleration model based on the regression

Transpose the cycles or time to failure for the data points from Step 8 and Sfep 14
to the expected stress level in the field, using the relevant acceleration model
equations. There will be a different accelerating factor for each data-point.

In the remaining analysis the data points estimated in Step 18“are plotted in a
Weibull plot (see IEC 61649) as if all the items were tested at the expected $tress
level in the field. That means that the cycles or time to failure are the times or
number of cycles estimated in Step 18 and the sample sizeis the total numper of
items tested including those that were suspended.

Add the confidence limit to the Weibull curve plofted in Step 19 and redd the
relevant reliability or time to failure at the expected-stress level in the field fpr the
tested items.
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Annex E
(informative)

Example of how to estimate empirical factors

A certain component type has been tested with temperature shock. A group A of 22 samples
was tested between —40 °C and +85 °C. One in this group failed after 700 cycles and 2 after
1 000 cycles. A second test has been performed on 21 samples between —40 °C and +150 °C.
In this second test group B, 4 failed after 300 cycles, 10 after 400 cycles, and an additional 3
after 500 cycles. The failure mode in all cases was delamination in one of the layers. The failure

mode

Data

straig
interc
starts

The 1
(see H
appro

The €
follow

indicates that Weibull distribution should be Qpplipd faor data qnnlyqic

vas analysed using the graphical method with a goal that the test data could béfitte

from the probability of failure:

the number of thermal cycles (the variable);

the shape parameter;

the scale parameter.

umber of cycles to failure is plotted in a Weibull diagram according to IEC

igure E.1). Two Weibull curves.‘@re parallel with a shape parameter g val
Ximately 6. This also indicates that it is the same failure mode in the two tests.

quation for the probability(of failure is rearranged to ultimately derive a straight li
S:

(E.2) tg

d with

nt lines where the slope would provide the values of shape parameter, and‘the value of
ept would yield the value of the scale parameter. The derivation of this graphical method

51649
ue of

ne as

(E.5)

In{lnL_;(c)}} = pxIn(c)-pxIn(n)

(E.6)
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where

i is the cumulative number of failures at the observed number of cycles;
n is the total number of items in test.

The data is shown in Table E.1.

Table E.1 — Probability of failure of test samples A and B

¢ Fple) Fgle)
300 0172 9
400 0,640 19
500 0,780 47
700 0,031 25
1000 0,120 536

For data plotting see IEC 61649. The Weibull plot is shown in Figure E.1.
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IEC
Figure E.1 — Weibull graphical data analysis

Equations of the linear data fit show values of the shape parameters based on the slope, and
the intercept is the negative item of the shape parameter and the logarithm of the scale
parameter.
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Slopes of the two lines fitting test data have very similar values, confirming that the failure
modes were indeed identical. The common value of the shape parameter is found to be:

=60

From the plot, the scale parameters determined for the two tests are as follows:

na = 1600 cycles

ng =420 cycles

The th

Solvin

In thig

To d

Equatjion (E.9):

ermal cycling acceleration, AFgq 125 between ATg = 190 °C and AT, = 125/°Cis:

m
AF _[Als | _na
ATBATA ATA B

g for the exponent m, which is a characteristic of the testitems:

In &
AT

example, the value of parameter m is calculated to be

m=

m= 3,19

termine a scale_parameter for any temperature range of thermal cycling, A7

AR "
n(AT) =g x[ A]I?j

(E.8)

use

(E.9)

To calculate the scale parameter corresponding to the thermal cycling in use of AT = 50 °C and
for the temperature cycling range of 50 °C (in use), the probability of failure as a function of the
number of cycles is given by the following Equation (E.10):

3,19
190>

50)=420x| —

7(50) X[5OJ

7 (50) = 29 700

(E.10)
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Annex F
(informative)

Determination of acceleration factors by testing to failure

Failure modes and acceleration factors

Single acceleration factors are most meaningful when expressing the process acceleration of a
single failure mode. The overall acceleration factor from one set of combined stresses to

anoth

A single stress type is applied at several (a minimum of three) levels, each on a single
of copponents. The test duration is determined by components’ failures, i.e. the test con
until all or the majority of components fail. Times to failure are recorded (oD each

comp
const

levels|, and the values are then fitted with a function which is best fitted-for the values

functi

stresq levels determines the acceleration factor.

F.2

A voltpge acceleration factor was determined for a semi¢conductor (power transistor) by f

er_is determined in the same manner as described in 5.5.

bnents at each of the stress levels, and the appropriate failure(distribution
ucted. The scale parameters of those distributions are plotted for-each of the

bn of the applied stress levels. The ratio of the scale parameter_versus the ratio

Example of determination of acceleration factor

group
inues
bf the
5 are
stress
as a
of the

est at

three voltages as shown in Table F.1.
Table F.1 — Voltage test failure,data for Weibull distribution
Failure no. and Time to failure F(7) In(?) In(In(1/(1-F(z)))

voltage h

1 27V 100 0,07 4,61 -2,66
p 27V 180 0,16 5,19 -1,72
B 27V 240 0,26 5,48 -1,20
27V 290 0,36 5,67 -0,82
b 27V 335 0,45 5,81 -0,51
5 27V 377 0,55 5,93 -0,23
r 27V 420 0,64 6,04 0,03
B 27V 450 0,74 6,11 0,30
b 27 Vv 470 0,84 6,15 0,59
027 Vv 485 0,93 6,18 0,99
1 26V 600 0,07 6,40 -2,66
2 26 V 1100 0,16 7,00 -1,72
3 26V 1580 0,26 7,37 -1,20
4 26V 2 030 0,36 7,62 -0,82
5 26V 2430 0,45 7,80 -0,51
6 26 V 2 810 0,55 7,94 -0,23
7 26 V 3160 0,64 8,06 0,03
8 26V 3 460 0,74 8,15 0,30
9 26 V 3710 0,84 8,22 0,59
10 26V 3910 0,93 8,27 0,99
1 25V 1 800 0,07 7,50 -2,66
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Failure no. and Time to failure F(7) In(?) In(In(1/(1-F(2)))
voltage h
2 25V 3 500 0,16 8,16 -1,72
3 25V 5000 0,26 8,52 -1,20
4 25V 6300 0,36 8,75 -0,82
5 25V 7 450 0,45 8,92 -0,51
6 25V 8 450 0,55 9,04 -0,23
7 25V 9 300 0,64 9,14 0,03
8 25V 10 080 0,74 9,22 0,30
b 25V 10 730 0,84 9,28 0,59
0 25V 11 330 0,93 9,34 0;99
The dpta was plotted as a Weibull distribution, as shown in Figure F.1, and the'trend lineq were
drawr]. A good linear fit indicated that the times to failure were Weibull-distributed, and the
proceps was the same (very similar shape parameters), meaning that\the failure mechgnism
was the same.
2 /| %
/
/
/
/
/
/
1 n
» =1,8085x—14,418 /
/
26V =
= ° /
< /m
I 7
o ‘m
= /
= /
= -l
£l_4 /./
/M
\
' y =1,8616x - 16,881
P R, 25V
-3
3 4 8 9 10

IEC

Figure F.1 — Weibull plot of the three data sets
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From the equations shown in Figure F.1, the three values of the scale parameter were
determined using Equation (F.1):

where

.
n=exp|——
a

a and b are the parameters of the linear equation y = ax + b

From Equatiom(FH=andFigure F- twe get:

n(25 V) = 8 673,3

n(26 V) = 2 899,7

n(27 V) = 387,2

The afceleration factor therefore is:

Note {

The values of the scale parametép'n as a function of voltage is determined as a power fun

Takin

AF(25 V to 26 V) = 8 673/ 2-899,8 = 2,99
AF(26 V to 27 V) = 2 899,8 / 387,6 = 7,48

AF(25 V to 27 V)\="8 673 / 387,6 = 22,37

hat AF(26 V to 27 V) = AF(25 \.{0'26 V) x AF(26 V to 27 V) = 2,99 x 7,48 = 22,37

logn(V)=Bxy™"

j logarithm'two times gives the linear function:

log(logn(V)) =—mlogV +log B

Using regression on this function, the values of the regression parameters can be found:

m=5,5182
B =2,1537 x 108

log B = 8,333 2

(F.1)

ction:

(F.2)

(F.3)
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Inserting the values in Equation (F.3) gives:

log(log# (V) =-5,5182log¥’ +log8,3332 (F.4)

With Equation (F.5) the 7, values for different voltages can be predicted.

n(V) = AFx1059" (F.5)
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Annex G

(informative)

Median rank tables 95 % rank

Table G.1 — Median rank tables 95 % rank

Rank 95 % ranks
order Sample size
1 2 3 4 5 6 7 8 9 10

1 95,00 77,64 63,16 52,71 45,07 39,30 34,82 31,23 28,31 25,89
2 97,47 86,46 75,14 65,74 58,18 52,07 47,07 42,91 39,42
3 98,30 90,24 81,07 72,87 65,87 59,97 54,96 50,69
4 98,73 92,36 84,68 77,47 71,08 65,51 g0,66
5 98,98 93,72 87,12 80(/H 74,86 g9,65
6 99,15 94,68 88,89 83,12 17,76
7 99,27 95,36 90,23 g5,00
8 99,36 95,90 91,27
9 99,43 96,32
10 99,49

Rank 95 %\ranks

order Sample size

11 12 13 14 15 16 17 18 19 20

1 23,84 22,09 20,58 19,26 18,10 17,07 16,16 15,33 14,59 13,91
2 36,44 33,87 31,63 29,67 27,94 26,40 25,01 23,77 22,64 21,61
3 47,01 43,81 41,01 38,54 36,34 34,38 32,62 31,03 29,58 28,26
4 56,44 52,73 49,46 46,57 43,98 41,66 39,56 37,67 35,94 34,27
5 65,02 60,91 57,26 54,00 51,08 48,44 46,05 43,89 41,91 40,10
6 72,88 68,48 64,52 60,96 57,74 54,83 52,19 49,78 47,58 45,56
7 80,04 75,47 71,30 67,50 64,04 60,90 58,03 55,40 53,00 50,78
8 86,49 81,90 77,60 73,64 70,00 66,66 63,60 60,78 58,19 §5,80
9 92,12 87,71 83,43 79,39 75,63 72,14 68,92 65,94 63,19 g0,64
10 96567 92,81 88,73 84,73 80,91 77,33 73,99 70,88 67,99 g5,31
11 99,53 96,95 93,40 89,60 85,83 82,22 78,81 75,60 72,61 g9,80
12 99,57 97,19 93,89 90,33 86,79 83,36 80,10 77,03 74,13
13 99,61 97,40 94,32 90,97 87,62 84,37 81,25 78,29
14 99,63 97,58 94,69 91,54 88,36 85,25 82,27
15 99,66 97,73 95,01 92,03 89,01 86,04
16 99,68 97,87 95,30 92,47 89,59
17 99,70 97,99 95,55 92,86
18 99,72 98,10 95,78
19 99,73 98,19
20 99,74



https://iecnorm.com/api/?name=adc4a3daa201534f213c37a823219cdd

- 88 - IEC 62506:2023 © IEC 2023

Rank 95 % ranks
order Sample size
21 22 23 24 25 26 27 28 29 30
1 13,29 12,73 12,21 11,73 11,29 10,88 10,50 10,15 9,81 9,50
2 20,67 19,81 19,02 18,29 17,61 16,98 16,40 15,85 15,34 14,86
3 27,06 25,95 24,92 23,98 23,10 22,29 21,53 20,82 20,16 19,53
4 32,92 31,59 30,36 29,23 28,17 27,19 26,27 25,42 24,61 23,86
5 38,44 36,91 35,49 34,18 32,96 31,82 30,76 29,77 28,84 27,96
6 43.70 41,98 40,39 38.91 37.54 36.26 35.06 33.94 32.89 31,90
7 48,74 46,85 45,10 43,47 41,95 40,54 39,21 37,97 36,80 35,70
8 53,59 51,55 49,64 47,87 46,22 44,68 43,23 41,87 40,60 39,39
9 58,28 56,09 54,05 52,14 50,36 48,70 47,14 45,67 44429 42,99
10 62,81 60,48 58,32 56,29 54,39 52,62 50,95 49,38 47,90 46,51
11 67,19 64,75 62,48 60,32 58,32 56,43 54,66 53500 51,43 49,94
12 71,42 68,87 66,49 64,24 62,14 60,16 58,29 56,54 54,88 53,31
13 75,50 72,87 70,39 68,06 65,86 63,79 61,84 60,00 58,25 56,61
14 79,43 76,73 74,18 71,76 69,49 67,34 65,30 63,38 61,56 59,84
15 83,18 80,44 77,84 75,36 73,01 70,79 68,69 66,69 64,80 g3,01
16 86,76 84,01 81,37 78,84 76,44 74,16 71,99 69,93 67,97 §6,11
17 90,12 87,40 84,75 82,20 79,76 7743 75,21 73,09 71,07 g9,15
18 93,22 90,59 87,98 85,43 82,97 80,60 78,34 76,17 74,11 712,13
19 95,99 93,54 91,02 88,51 86,05 83,67 81,38 79,18 77,07 715,05
20 98,28 96,18 93,83 91,41 88,99 86,62 84,32 82,09 79,95 717,89
21 99,76 98,36 96,35 94,10 91,77 89,44 87,15 84,91 82,75 g40,67
22 99,77 98,43 96,50 94,34 92,10 89,85 87,63 85,47 43,37
23 99,78 98,50 96,65 94,57 92,41 90,23 88,08 g5,98
24 99,79 98,56 96,78 94,78 92,69 90,58 g8,50
25 99,80 98,62 96,90 94,97 92,95 90,91
26 99,80 98,67 97,02 95,15 93,19
27 99,81 98,72 97,12 95,31
28 99,82 98,76 97,22
29 99,82 98,80
30 99,83
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

METHODES D’ESSAIS ACCELERES DE PRODUITS

AVANT-PROPOS

1) La Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation composée
de I’ensemble des comités electrotechnlques natlonaux (Comités natlonaux de IIEC) L'IEC a pour o]

2)

3)

4)

5)

6)
7)

8)

9)

Les| décisions ou accords officiels de I'|EC concernant les questions techniques representent, dans la me
posisible, un accord international sur les sujets étudiés, étant donné que les Comités/nationaux de I'lEC inté
sonft représentés dans chaque comité d’études.

Les| Publications de I'lEC se présentent sous la forme de recommandations internationales et sont
comme telles par les Comités nationaux de I'lEC. Tous les efforts raisonnables sont entrepris afin qu
s’agsure de I'exactitude du contenu technique de ses publications; I'lEC 'né peut pas étre tenue respons
I’éventuelle mauvaise utilisation ou interprétation qui en est faite par@n*quelconque utilisateur final.

Darns le but d’encourager I'uniformité internationale, les Comités*hationaux de I'lEC s’engagent, dans f{
mesure possible, a appliquer de fagon transparente les Publieations de I'lEC dans leurs publications nat
et fégionales. Toutes divergences entre toutes Publication§ de I'lEC et toutes publications nationg
réglonales correspondantes doivent étre indiquées en termes clairs dans ces dernieres.

L'IHC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indép¢g
foufnissent des services d’évaluation de conformité“~et, dans certains secteurs, accedent aux marq
confformité de I'lEC. L’IEC n’est responsable d’aucun des services effectués par les organismes de certi
indépendants.

Tods les utilisateurs doivent s’assurer qu’ils ‘sent en possession de la derniére édition de cette publicatio

Audune responsabilité ne doit étre imputée)a I'lEC, a ses administrateurs, employés, auxiliaires ou mand
y compris ses experts particuliers et.Jles membres de ses comités d’études et des Comités nationaux d
podur tout préjudice causé en cas_dé dommages corporels et matériels, ou de tout autre dommage de ¢
natyire que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les dé
dédoulant de la publication ou de-f'utilisation de cette Publication de I'lEC ou de toute autre Publication d
ou qu crédit qui lui est accordé.

L’aftention est attirée sur\les références normatives citées dans cette publication. L’utilisation de publi

d’ayertirdlessresponsables de la mise en application du présent document que des informations plus rg
sont sUsceptibles de figurer dans la base de données de brevets, disponible a I’adresse https://patents
L'IHC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits de brevets.
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L'IEC 62506 a été établie par le comité d’études 56 de I'lEC: Sireté de fonctionnement. Il s’agit
d’'une Norme internationale.

Cette deuxiéme édition annule et remplace la premiére édition parue en 2013. Cette édition
constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a) les références ont été mises a jour;

b) les symboles ont été révisés;

c) les erreurs, principalement en 5.7.2.3 et en Annexe B, ont été corrigées;

d) les erreurs de calcul dans les exemples a ’Annexe B et a 'Annexe F ont été corrigées.
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Le texte de cette Norme internationale est issu des documents suivants:

Projet Rapport de vote
56/2000/FDIS 56/2016/RVD

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant
abouti a son approbation.

La langue employée pour I’élaboration de cette Norme internationale est 'anglais.

Direcfives ISO/IEC, Partie 1 et les Directives ISO/IEC, Supplément IEC, disponibles| sous
www.lec.ch/members_experts/refdocs. Les principaux types de documents développds par
I'IEC $ont décrits plus en détail sous www.iec.ch/publications.

Ce dcicument a efé redige selon Tes Directives TSO/TEC, Partie 2, 1T a été développé selbn les

Le comité a décidé que le contenu de ce document ne sera pas modifié avant|la date de stpbilité
indiqyée sur le site Web de I'lEC sous webstore.iec.ch dans les données-relatives au docyment
rechefché. A cette date, le document sera:
e refonduit,

e suUpprimé, ou

e réyisé.

IMPORTANT - Le logo "colour inside" qui se'trouve sur la page de couverture de ce
document indique qu’elle contient des couléurs qui sont considérées comme utiles a
une ponne compréhension de son contenu. Les utilisateurs devraient, par conséquent,
imprimer cette publication en utilisant-une imprimante couleur.
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INTRODUCTION

De nombreuses méthodes d’essai préalables de fiabilité ou de défaillance ont été développées
et la plupart d’entre elles sont en cours d’utilisation. Ces méthodes permettent de déterminer
la fiabilité du produit ou d’identifier d’éventuels modes de défaillance des produits et ont été

cons

e e
e e
e e
e e
Bien
fiabil
que

disposger d’essais accélérés efficaces et efficients. De ce fait, la durée des essais est racc
en appliquant des niveaux de contrainte plus importants ou en augmentant la v
d’application des contraintes récurrentes, ce qui permet une évaluation plus rapide €

meill

La fiapilité est appréhendée selon deux approches distinctes et différentes:

o la|premiére consiste a vérifier, par des analyses et des ‘essais, qu’il n’existe pas de 1

d
v

d

e lafseconde consiste a estimer le nombre de défaillances présumées aprés un certain t

d

Les epsais accélérés constituent une mgthode qui convient dans les deux cas, mais e

utilis
acceé

peuvgnt a terme entrainer des/.défaillances sur site du produit. La seconde app
corregpond a des essais accélérés quantitatifs qui permettent d’estimer la fiabilité du p
sur la base des résultats d’éssais de simulation accélérés qui peuvent étre corré

I'env

Les epsais accélérés peuvent étre appliqués a de multiples niveaux matériels et logicie

idérées comme efficaces pour démontrer la fiabilité:

ssais a durée fixe,
ssais de rapport de probabilité progressifs,

ssais de croissance de la fiabilité,

slsais jusqu’a défaillance, etc.

ilé élevée du produit. La réduction des périodes qui préceédent la mise sur le.marché
la compétitivité de colt des produits rendent d’autant plus impérativella nécess

eure fiabilité du produit en décelant ces modes de défaillance gt eh atténuant leurs ¢

g défaillance potentiels dans le produit qui risquentd’apparaitre au cours de la dur
i¢ prévue du produit, dans les conditions de fonctionnement prévues et dans le
tilisation;

ans les conditions de fonctionnement prévues et dans le profil d’utilisation.

rés qualitatifs dont I'objectif.(est d’identifier les modes de défaillance potentie

ilonnement et au profil d’utilisation.

que trés utiles, ces essais sont en général longs, notamment lorsqu’il faut démontrer une

ainsi
té de
burcie
tesse
t une
pffets.

nodes
ée de
profil

Emps,

le est

T de maniére tout a fait différente. La premiére approche correspond a des g¢ssais
I

s qui
roche
roduit
lés a

s des

entitég. Différents \types d’essais de fiabilité, tels que les essais a durée fixe, les ¢ssais

progressifs jusqu:a défaillance, les essais pour une proportion de succés, les esss
démonpstration_de la fiabilité ou les essais de croissance ou d’amélioration de la fig
peuvgnt étre utilisés comme méthodes d’essais accélérés. Le présent document fourn
reconfmandations concernant des types choisis d'essais accélérés, couramment utilis

conv

is de
bilité,
it des
és. |l

ient'que le présent document soit utilisé conjointement aux normes de plans d

statistiques telles que I'lEC 61123, I'lEC 61124, I'lEC 61649 et I'lEC 61710.

essai

Il convient que I’équipe de conception de I’entité examine les avantages relatifs des diverses
méthodes et de leur applicabilité individuelle ou combinée pour I'évaluation d’'un systéme ou
d’une entité donnés (y compris des techniques de fiabilité) avant de sélectionner une méthode
d’essai spécifique ou une combinaison de méthodes. Pour chaque méthode, il convient
également de tenir compte de la durée de I'essai, des résultats obtenus, de leur crédibilité et
des données exigées pour effectuer une analyse significative, ainsi que de I'impact sur le co(t
du cycle de vie, de la complexité de I’'analyse et d’autres facteurs identifiés.

Dans le présent document, le terme "entité" est utilisé comme défini dans I'lEC 60050-192
couvrant les produits physiques, ainsi que les logiciels. Les services et les personnes ne sont
cependant pas couverts par le présent document.
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METHODES D’ESSAIS ACCELERES DE PRODUITS

1 Domaine d’application

Le présent document fournit des recommandations pour I'application de diverses techniques
d’essais accélérés permettant de mesurer ou d’améliorer la fiabilité de I'entité. L’identification
des modes de défaillance potentiels qui peuvent étre rencontrés lors de I'utilisation d’'une entité
donné i€ i 2di i : (ireté i d’une
entité

L’objdctif de ces méthodes est soit d’identifier les faiblesses potentielles de la.conceptjon et
fournif des informations sur la fiabilité de I’entité, soit d’atteindre I'amélioration nécessajre de
la fiahjilité et de la disponibilité, dans les deux cas en comprimant ou en accglérant la durge. Le
préseht document couvre les essais accélérés de systémes non réparables et de sysiémes
réparables. Elle peut étre utilisée pour des essais de rapport de probabilité progressifs, des
essai$ a durée fixe et des essais d’amélioration/croissance de la fiabilite, lorsque la mesdrre de
la fialilité peut étre différente de la probabilité normale d’occurrencéde défaillance.

Le présent document décrit également des méthodes d’essais accélérés ou de dévermingdge de
la production qui permettraient d’identifier les faiblesses induites par une éventuelle errgur de
fabricption de I’entité et qui peuvent de ce fait d’en comprdmettre la fiabilité. Les services|et les
persohnes ne sont cependant pas couverts par le présent document.

2 Reéférences normatives

Les dpcuments suivants sont cités dans lettexte de sorte qu’ils constituent, pour tout ou [partie
de lelr contenu, des exigences du présent document. Pour les références datées, |seule
I’éditipn citée s’applique. Pour les références non datées, la derniére édition du document de
référeince s’applique (y compris les éventuels amendements).

IEC 6DP050-192, Vocabulairel_Electrotechnique International (IEV) — Partie 192: Sdrelté de
fonctipnnement, disponible a I’adresse http://www.electropedia.org

IEC 6D300-3-5, Gestion/de la sdreté de fonctionnement — Partie 3-5: Guide d’applicafion —
Conditions des essais’de fiabilité et principes des essais statistiques

IEC 6D605-2, E£Ssais de fiabilité des équipements — Partie 2: Conception des cycles d’espai

IEC 6p721 (toutes les parties), Classification des conditions d’environnement

IEC 6 4.9°2. 9040 l H ol £ o s lid 2 DL ol H L £ H P4 b d
TTZzoz0 Ty, CSSars—oe—Traotne— T rans—a esSar—age—corrornme—pour—tire—proportton ae
succes

IEC 61124:2023, Essais de fiabilité — Plans d’essai de conformité pour un taux de défaillance
constant et une intensité de défaillance constante

IEC 61649:2008, Analyse de Weibull

IEC 61709, Composants électriques — Fiabilité — Conditions de référence pour les taux de
défaillance et modéles de contraintes pour la conversion

IEC 61710, Modéle de loi en puissance — Essais d’adéquation et méthodes d’estimation des
paramétres

IEC 62429, Croissance de fiabilité — Essais de contraintes pour révéler les défaillances
précoces d’un systeme complexe et unique
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3 Termes, définitions, symboles et abréviations

3.1 Termes et définitions

Pour les besoins du présent document, les termes et les définitions de I'l[EC 60050-192 ainsi
que les suivants s’appliquent.

L’'ISO et I'IEC tiennent a jour des bases de données terminologiques destinées a étre utilisées
en normalisation, consultables aux adresses suivantes:

e |EC Electropedia: disponible a I'adresse https://www.electropedia.org/

e ISP Online browsing platform: disponible a I’adresse https://www.iso.org/obp

NOTE:| Les symboles utilisés pour les mesures de fiabilité, de disponibilité et de maintenabilité correspondent, le
cas échéant, a ceux définis dans I'lEC 60050-192.

3.1.1
énerdie d’activation
Ea
facteyr empirique d’estimation de I'accélération, due a une modification de la tempéfrature
absoltie

Note 1[a l'article: L’énergie d’activation est en général mesurée en électronvolts par degré Kelvin.

3.1.2
déverminage de détection
exposdition a de faibles niveaux de contrainte afin de détecter des défauts intermittents

3.1.3
compression d’événements
augmentation de la fréquence de répétitionides contraintes afin qu’elles soient beaucoup plus
élevées que celles rencontrées sur le térrain

3.1.4
essailaux limites hautement accéléré
HALT
essail|destiné a identifier les.modes de défaillance les plus probables pour le produit dans un
envirgnnement de contrainte ou une séquence d’essais définis

Note 1fa I'article: L’acronyme HALT est quelquefois considéré comme étant I’abréviation de "highly accelerdted life
test" (ga désignation, erronée) qui signifie essai de durée de vie hautement accéléré. Cependant, en tant gu’essai
accéléné non mesucable, il ne fournit pas d’informations concernant la durée de vie, mais sur I'amplitude des
contraiptes qui représentent les limites de la conception.

3.1.5
audit|sous contraintes hautement accéléré
HASA

outil de surveillance du processus permettant de soumettre aux essais un échantillon de lots
de production afin de détecter les faiblesses d’un produit, dues a la fabrication

3.1.6

déverminage sous contraintes hautement accéléré

HASS

déverminage destiné a identifier les défauts latents d'un produit dus au processus de fabrication
ou a des erreurs du contréle
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3.1.7
entité
sujet que I'on considére

Note 1 a l'article: L’entité peut étre une piéce isolée, un composant, un dispositif, une unité fonctionnelle, un
équipement, un sous-systeme ou un systeme.

Note 2 a l'article: L’entité peut étre composée de matériel, de logiciel, de personnel ou d’une quelconque de leurs
combinaisons.

Note 3 a l'article: L’entité est souvent composée d’éléments dont chacun peut étre considéré individuellement.
Voir "sous-entité" (IEV 192-01-02) et "niveau dans I'arborescence" (IEV 192-01-05).

Note 4 [@ Tarticle: LCTEC 6UUb0-191:1990 (supprimee, remplacee par I'NEC 6U0b0-192:2015) 1dentiiait 1es Jtermes
francaip "dispositif" et "individu" et le terme anglais "entity" comme synonymes, ce qui n’est pas vrai pour-toytes les
applicafions.

Note 5|a l'article: Dans I'lEC 60050-191:1990 (supprimée; remplacée par I'lEC 60050-192:2015),, la définition de
I’entité|est une description plus qu’une définition. La nouvelle définition permet une substitution valable ay terme
tout aullong du présent document. Le contenu de I’ancienne définition forme la nouvelle Note¥_a I'article.

Note 6 [a I'article: Dans le présent document, les personnes et les services sont exclus:

[SOURCE: IEC 60050-192:2015, 192-01-01, modifié — La Note 6 atarticle a été ajoutée]

3.1.8
duréd de vie
<d’ung entité non réparable> intervalle de temps depuisAa ‘premiére utilisation jusqu’a de que
les exigences de I'utilisateur ne soient plus satisfaites

Note 1[a l'article: La fin de vie est généralement appelée défailtance du composant.

Note 2 a I'article: La fin de vie est souvent définie commed®tant I'instant ou un pourcentage spécifié des comgosants
est défgillant, par exemple sous forme d’une valeur B jgou L,, pour 10 % de défaillances accumulées.

3.1.9
déverminage de précipitation
profil de déverminage destiné a précipiter, par des défaillances, la transformation de d¢fauts
latents en défauts révélés

3.1.1¢
essai|sous contrainte-échelonnée
essai|au cours duquelda contrainte appliquée augmente, aprés chaque intervalle spgcifié,
jusqula ce qu’une«défaillance se produise ou qu'un niveau de contrainte prédéterming soit
attein

Note 1|a I'articte®> L’intervalle peut étre spécifié par le nombre d’applications de la contrainte, par des duréeq ou par
des séquences d’essai.

Note 2 la-article: Il _convient que lessai-ne-modifie-niles-modes-ocu-mdécanismes-fondamentaux-de rléfaill'-nce, ni

leur fréquence relative.

[SOURCE: IEC 60050-192:2015, 192-09-10]
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3.1.11

facteur d’accélération d’essai

rapport de la rapidité de réponse aux contraintes du spécimen a I'’essai dans les conditions
accélérées, a la rapidité de réponse aux contraintes dans des conditions opérationnelles
spécifiées

Note 1 a l'article:

durée de vie des entités soumises a essai.

Note 2 a l'article:

fonctionnement avant défaillance, I'intensité de défaillance et la rapidité d’usure.

[SOU RCE:1EC 60050-192:201 R’ 192.09 ﬁQ]

3.1.12

3.2
ADT
AF
AFTeq
CALT
B

C

CD
DL
DSL
FIT
HALT
HASA
HASS

HAST

LDL

compression temporelle
retraif de la durée d’exposition d’'un essai donné, a des niveaux de contrainte faibl
consigérés non dommageables a des fins d’accélération

Symboles et abréviations

Accelerated Degradation Test(ing) (essai de dégradationaccéléré)
acceleration, Acceleration Factor (accélération, facteur-d’accélération)

acceélération globale au cours d’un essai donné

Calibrated Accelerated Life Testing (essai de-durée de vie accéléré étalonné)
Durée de vie, temps ou 10 % des entités_ont échoué

Confiance

Compact Disc (lecteur CD dans un@quipement de haute-fidélité)

Destruct Limit (limite de destruction)

Design Specification Limit (limite de spécification de conception)

Failure In Time (taux de défaillance) (défaillances pour 109 h)

Highly Accelerated Limit Test (essai aux limites hautement accéléré)

Highly Accelerated“Stress Audit (audit sous contraintes hautement accéléré)

Highly Acceleraied Stress Screening Test (essai de déverminage sous contraintes

hautement-acceéléré)

Highly Accelerated Stress Test (essai sous contraintes hautement accéléré)
Charge

Life-time ratio (rapport de durée de vie)

Lower Destruct Limit (limite inférieure de destruction)

LDT
LOL
LOT
LRTL
MTBF

MTTF

oL
OVL

Lower Destruct Temperature (température inférieure de destruction)
Lower Operating Limit (limite inférieure de fonctionnement)

Lower Operating Temperature (température inférieure de fonctionnement)
Lower Reliability Test Limit (limite inférieure des essais de fiabilité)

Mean Operating Time Between Failures (temps moyen de fonctionnement entre
défaillances)

Mean Operating Time To Failure (temps moyen de fonctionnement avant
défaillance)

Operating Limit (limite de fonctionnement)
Operation Vibration Limit (limites de vibration en fonctionnement)
Acceptance Probability (probabilité d’acceptation)

Les deux rapidités de réponse aux contraintes se rapportent au méme intervalle de temps de la

Des mesures de la rapidité de réponse aux contraintes sont, par exemple, le temps de

£S Ou
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Probability Density Functions (fonctions de densité de probabilité)
Printed Wiring Board (circuit imprimé)

2023

Reliability as a function of Time (fiabilité en fonction du temps; probabilité de survie

jusqu’a l'instant ¢)

Reliability Test Level (niveau d’essai de fiabilité)

Strength (robustesse)

Specification Limit (limite de spécification)

Sequential Probability Ratio Test (essai de rapport de probabilité progressif)
instant désigné instant 0

THB
TTF
uUDL
ubDT
uoL
uoT
URTL
uuT
VDL
A(S)
A(t)

4 Description générale des méthodes d’essai accéléré

4.1
Quels|

domnmni
non e

La st
nivea
prévu
déterr
inforn

Modéle de cumul des dommages

que soient les types d’essais accélérés, ils sont fondés sur le principe des domn
cumulés. Les contraintes que' subit I'entité au cours de sa durée de vie entrainen
ages progressifs qui. s*accumulent pendant toute sa durée de vie. Ce dommage péut ou
htrainer des défaitlances de I’entité sur le terrain.

atégie utilisee pour tout type d’essais accélérés est de produire, en augmenta
Ix de contrainte imposés au cours des essais, des dommages cumulés équivalents 3
au cours de la durée de vie de I'entité pour le type de contrainte escompt
hination des limites de destruction de I'entité, sans estimation de la fiabilité, fournit des
ations quant a l'existence éventuelle d’'une marge suffisante entre ces limit

durée spécifiée, par exemple la durée de vie

Temperature Humidity Bias Test (essai de différentiel température/humidité)
Time To Failure (durée de fonctionnement avant défaillance)

Upper Destruct Limit (limite supérieure de destruction)

Upper Destruct Temperature (température supérieure de destruction)

Upper Operating Limit (limite supérieure de fonctionnement)

Upper Operating Temperature (température supérieure_de fonctionnement)
Upper Reliability Test Limit (limite supérieure des‘essais de fiabilité)

Unit Under Test (unité en essai)

Vibration Destruct Limit (limite de vibration‘de/destruction)

taux de défaillance en fonction d’une contrainte donnée

taux de défaillance en fonction du temps

hages
t des

nt les
ceux
é. La

s de

destrt

ction et les limites de Qpé\r‘ifiratinn de 'entité qni permettent ainsi de s’assirer que ]

entité

reste fonctionnelle pendant sa durée de vie prédéterminée sans défaillances pour ce qui
concerne ce type de contrainte spécifique. Cette technique peut, mais ne quantifie pas
nécessairement, la probabilité de survie de I’entité au cours de sa durée de vie prévue et permet
de s’assurer que les réajustements nécessaires apportés a la robustesse de [l'entité
permettraient d’éliminer cette défaillance lorsque I’entité est utilisée. Si des marges suffisantes
sont déterminées, non liées a la probabilité de survie, alors I'essai est de type qualitatif. Si, au
cours des essais, la probabilité de survie est évaluée, I'amplitude de la contrainte d’essai est
corrélée a la probabilité de survie de I’entité a ce type de contrainte au cours de sa période de
vie prédéterminée et I'essai est de type quantitatif.

La Figure 1 présente le principe des dommages cumulés pour des essais accélérés tant
qualitatifs que quantitatifs.
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Dans la Figure 1, pour plus de simplicité, toutes les contraintes, les limites de fonctionnement,
les limites de destruction, etc., sont données en valeurs absolues. Les valeurs extrémes,
supérieure et inférieure, de la spécification sont fournies pour une entité donnée, c’est-a-dire
les limites de spécification supérieure et inférieure (ou basse), USL et LSL, ainsi que les limites
de conception correspondantes (DSL), UDL et LDL, les limites supérieure et inférieure de
fonctionnement, UOL et LOL, ainsi que les limites supérieure et inférieure des essais de
fiabilité, URTL et LRTL. Cela est justifié par le fait que les contraintes opposées négatives
peuvent également causer des dommages cumulés avec probablement un mécanisme de
défaillance différent et ainsi la relation entre les limites prévues et spécifiées peut étre
représentée de la méme maniére que pour des contraintes élevées ou positives. A titre
d’exemple, des extrémes de température froide peuvent produire des modes de défaillance
identiques ou différents dans une entité. Pour des raisons de simplification. les valeurs
thermjques positives et négatives, ou toute autre contrainte, ne sont pas représentépes de
manidre séparée a la Figure 1, ainsi les amplitudes des contraintes sont soit positivels soit
négatlves et présentées en valeurs absolues uniquement pour les limites supéerieurgs ou
inférigures.
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Figure 1 — Fonctions PDF pour dommages cumulés, dégradation et types d’essais

Le graphique a la Figure 1 représente la robustesse exigée d'une entité vis-a-vis d’une
contrainte donnée, pour I’ensemble de sa durée de vie, du début de vie (par exemple au
moment de la fabrication de I'entité), ¢y, a la fin de vie, 7. Il est également présumé que la

robustesse et les contraintes d’essai ont une distribution gaussienne.

Les différents types d’essais accélérés peuvent désormais étre représentés en utilisant la
Figure 1 comme modele conceptuel.
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Les essais fonctionnels sont réalisés dans I'étendue de la spécification des exigences et le
niveau de la spécification. Il convient qu’il n’y ait dans ce domaine aucune défaillance au cours
de I'essai; la conception est validée de maniére a permettre le fonctionnement dans les limites
supeérieure et inférieure de spécification. Les essais accélérés des types B et C (4.2.3 et 4.2.4),
c’est-a-dire les essais de dégradation accélérés (ADT) ou les essais de dommages cumulés
peuvent étre représentés comme étant la distance entre la limite de spécification de conception
(DSL) et le niveau auquel il convient d’effectuer I’essai de démonstration de la fiabilité (RTL).
Lorsque la dégradation réduit les performances au-dessous des spécifications des exigences,
I'entité peut étre déclarée comme défaillante si ce comportement est défini comme une
défaillance. Lorsque les essais de I'entité sont effectués a l'instant ¢, il convient qu’aucune
défaillance n’apparaisse pour des niveaux de contrainte allant jusqu’a la limite de spécification

de Cof\r\npi‘inn (an ) r\nmpricn

Il conpvient que la spécification de conception de I'entité tienne compte d’une:certaine
dégrafdation au cours de sa durée de vie, qui résulte des dommages cumulés des-contraintes
prévues pendant sa durée de vie; ainsi sa limite est la limite de spécification de concgption
(DSL)[ qui est supérieure a la limite exigée (RL) pour obtenir la marge nécessaire. Aprés la
dégrafdation de I'entité résultant des dommages cumulés dus aux contraintes prévues, lfessai
de figpilité fournit des informations sur I'existence d’une marge entre\le " niveau d’essai (qui
prouve la robustesse résiduelle) et I'exigence. Cette marge est unemesure de la fiabilit¢ a la
fin della période exigée, ¢, .

La répistance ultime de la conception est beaucoup plus ‘élevée que les spécifications de
concegption; il s’agit du niveau sélectionné pour les essais-aceelérés qualitatifs lorsque I'opjectif
est lal détermination des faiblesses de conception quinpeuvent compromettre la fiabil[té de
I’entit¢ au cours de sa durée de vie, c’est-a-dire les faiblesses qui peuvent apparaitre au|cours
de la durée de vie de I'entité au fur et a mesure de'sa dégradation. Ainsi, au cours de Ifessai
qualitgtif, la robustesse est démontrée a la limitexde fonctionnement (OL).

La limite de destruction est supérieure a la limite de fonctionnement (elle est située au-dela) et
est dgsignée DL. C’est la qu'une défaillance permanente est observée. Si la OL ou la DL est
proche de la DSL ou si I’écart-type de-la‘loi de distribution de la OL ou la DL est élevé, lfessai
indigye alors une faiblesse potentielle)de la conception, comme représenté a la Figure 1

La fiapilité de I'entité est définie;par une fonction du temps, sur une période prédéterminge, ¢, .

La loilnormale cumulée-de:la marge (différence des moyennes des contraintes divisée par leur
écarttype commun) entre la robustesse spécifiée (dans des conditions d’utilisation) qui est
représentée par I'exigence et le niveau d’essai de fiabilité (RTL) détermine la fiabilité de I'¢ntité.
Le niyeau d’essaivet sa durée sont choisis de maniére a engendrer au cours de I'essai des
dommlages cumulés correspondant a la dégradation due aux dommages cumulés pendjant la
durée|de vie-de I'entité. La marge calculée donne la fiabilité exigée de 'entité, qui est dgns ce
cas uhe mesure quantitative.

Le Tableau 1 constitue un résumé des essais énumérés et la mise en correspondance de leurs
applications avec le cycle de vie de I'entité.
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Tableau 1 — Mise en correspondance des types d’essais avec le cycle de
développement de I’entité

Design Integration

Validation

Acceptance

FMECA HALT

Reliability Growth
Test

Reliability
Qualification Test

Type B/C :
Component

Type A : Assembly
Type A: Component an/or Subsystem

PUEE N ——

xzeeﬁ/b(lzy: Type B/C : System
Anglais @:Eais
Type Type (,C)
Desighn Conception g\\v
Integration Intégratio(/ O
Validgtion Validation)
Acceptance Ac&p'tsation
Manufacturing nl‘-‘a\g}ication
Serviges \\g\‘UServices
A . ®\$ A
Qualifative W Qualitatif
FMEGA ”\0 AMDEC
HALT] ‘_(\\C}~ HALT
Maturrty Building . Elaboration de maturité
Maturlty Confirmation A@ ’ Confirmation de la maturité
HAS/HASA Y HASS/HASA
B&C @7’ B&C
Quantitative r\Q‘ Quantitatif
Reliability gf@#Test Essai de croissance de la fiabilité
Relia il\iq/ﬁj\re)duction Acceptance Test Essai d’acceptation en production de la fiabilité
g -
Maturity-Assessment Evatrationdetamaturité
Product Breakdown structure Opportunity Possibilité de panne structurelle du produit
Type B/C : Component Type B/C: composant
Type A: Component Type A: composant
Type A: Assembly an/or Subsystem Type A: ensemble et/ou sous-systéeme
Type B/C: Assembly Type B/C: ensemble
Type B/C: System Type B/C: systéme

Le Tableau 1 fournit aux utilisateurs du présent document une synthése leur permettant de
mieux comprendre les différentes méthodes exigées pendant tout le cycle de vie de I’entité.
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Classification, méthodes et types d’accélération d’essai

Généralités

En se fondant sur le modele de cumul des dommages, les informations attendues de I'essai et
les hypothéses d’utilisation de I'entité, les méthodes d’essais accélérés peuvent étre divisées

en tro

is groupes:

e type A: essais accélérés qualitatifs: pour la détection du mode de défaillance ou du
phénomeéne;

e type B: essais accélérés quantitatifs: pour la prévision de la distribution des défaillances en

ut

lisation normale:

° ty
de

4.2.2

Les €

pbe C: essais quantitatifs de compression temporelle et d’événements: pour lawpre
la distribution des défaillances en utilisation normale.

Type A, essais accélérés qualitatifs

ssais accélérés de type A sont congus pour identifier les éventuelles faibless

conception, ainsi qu’une faiblesse due au processus de fabrication.(Par conséquent

repreés
L’obje
précig
qui rig
de vig
I’entit
entité
lorsqu
de co

Des €
des d
s(retd

Les p
de l'e
sans
Cese
pouvd

entation a la Figure 1 peut étre considérablement plus élevée, au-dessus d
ctif de ce type d’essai n’est pas de quantifier la fiabilité de I'entité, mais d’induire
iter 'apparition, au cours de I'essai, des problemes de performance globale de |
quent d’apparaitre en utilisation sur le terrain, a un certains“-moment au cours de la
de I'entité, et d’entrainer une défaillance de I'entité. L*amélioration de la concepti
e ou des processus de fabrication permet d’éliminer ces défaillances en élaborarn
plus résistante ou plus robuste qui est présumeée) étre plus fiable sur le terrain,

‘elle est soumise aux contraintes extrémes ou répetitives définies dans les spécific
nception.

efaillances latentes, non seulement pour la fiabilité, mais aussi pour d’autres attrib
de fonctionnement.

ocessus de développement de-T'entité qui utilisent ce type d’essai augmentent la fi
htité en réduisant les modés de défaillance et en augmentant la robustesse de |
chercher & démontrer un objectif de fiabilité ou @ mesurer une amélioration de la fig
5sais sont souvent réalisés a des niveaux de contrainte tellement élevés qu’il convis
ir idéalement observer les défaillances (DL a la Figure 1), bien au-dela des limites

spécification de concepftion. L'objectif est d’identifier les modes de défaillance, les ma3

faible

5 de la conception et la marge entre limites fonctionnelles, la limite de fonctionn

(OL) ¢t la limite de-destruction (DL), comme représenté a la Figure 1. La marge entre la

de sp
identi
défail

Bcificationet la limite de fonctionnement permet de s’assurer que les faiblesses o
iees au~cours d’essais HALT, voir 5.1.1, et qu’elles n’apparaitront pas comm
ancésyau cours de la durée de vie prévue de I'entité, 7.

Vision
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, leur
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ou de
entité
durée
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ations

ssais de type A peuvent également étretappliqués pour détecter d’autres faiblesses ou

its de

abilité
entité
bilité.
bnt de
de la
illons
ement
limite
nt été
e des

NOTE

Les autres essais de type A sont les essais marginaux et les essais de contraintes excessives.
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4.2.3 Type B: essais accélérés quantitatifs

Les essais de type B utilisent des méthodes d’étude des dommages cumulés pour déterminer
la fiabilité de I’entité estimée jusqu’a la fin de la durée de vie prévue de I'entité. La marge
nécessaire entre les dommages cumulés prévus et I'exigence donne une mesure de la fiabilité.
Ces essais sont ainsi accélérés pour obtenir les dommages cumulés exigés en des périodes
beaucoup plus courtes que la durée de vie prévue de I'entité. Les essais accélérés de type B
utilisent les facteurs d’accélération quantifiables fondés sur les caractéristiques physiques des
défaillances (ou modes de défaillance) particulieres et établissent un rapport entre la durée
d’exposition aux contraintes spécifiques pendant I'essai et dans I’environnement d’utilisation.
La distribution des défaillances ou des modes de défaillance est déterminée a partir
d’informations recueillies lors d’essais accélérés séparés. Ces résultats d’essais constituent la
base |d’un modéle de cycle de vie fonctionnel et peuvent étre utilisés pour qualntifier
I'accélération d’essais utilisables si nécessaire et le cas échéant, pour divers calculs de.figbilité.
Il est possible de cette maniére d’estimer la fiabilité de I'entité par estimation de |a fiabilité ou
de la|probabilité d’occurrence de modes de défaillance différents pour chaque niveau des
contrgintes prévues. Si cela est nécessaire pour I'analyse des données a partir,d’autres|types
d’essais (par exemple essais de croissance de la fiabilité ou de démonstration de la fiabilité),
le facieur établi d’accélération d’essai peut étre utilisé pour recalculer les'données de duiée de
fonctipnnement avant défaillance a partir des essais accélérés, de mahiére a représenfr les
duréep avant occurrence de défaillances dans I’environnement d’utilisation et d’appliqu¢r ces
résultpts aux calculs de fiabilité. A la Figure 1, ces essais sont représentés comme des nifeaux
d’essais de fiabilité (RTL).

Une qutre maniére d’obtenir des informations a partir de, ce type d’essai est de soumdttre a
essai|des échantillons d’entités pour des modes dedéfaillance spécifiques et pour des
envirgnnements de défaillance spécifiques. Cela permet de déterminer les lois de distribution
des defaillances applicables et les facteurs d’accélération appropriés, qui peuvent ensuite étre
utiliséls pour calculer la probabilité d’occurrence’ du mode de défaillance particulierf Ces
informations peuvent étre utilisées pour des essais futurs, ainsi que pour des essais Weipayes
(loi de¢ Weibull a 1 parameétre, voir IEC 61649). Le niveau de contrainte des essais de fype B
peut étre représenté a la Figure 1 comme-étant supérieur a I’exigence, mais inférieur au rjiveau
de coptrainte qui serait appliqué lors diessais HALT. Ce niveau de contrainte peut se tjouver
entre [la limite de spécification de conception et le niveau de contrainte de DL. La [durée
d’application des contraintes doit; étre suffisante pour engendrer une marge de dommages
cumulés au-dela des dommages.cumulés produits par les contraintes prévues au cours|de la
durée|de vie de I'entité.

La réduction de la durée\d’essai est en général obtenue par une augmentation de la contrainte
opérationnelle ou @environnement au-dela des contraintes spécifiées en utiligation.
L’augmentation de‘niveau de ces contraintes produit un effet de dommages cumulés équiyalent
a ceyx qui sonp_prévus au cours de la durée de vie de I'entité, mais sur une pé¢riode
considérablement réduite.

L’essai de degradation accéléré (ADT) applique une méthode pour laquelle la dégradation|d’'une
entitéWwﬂ%d&wWﬂég&d&ﬂaDMracée

et extrapolée jusqu’a ce que le parametre atteigne un niveau inacceptable (défaillance). Cette
méthode est trés utile pour les défaillances qui ne se produisent pas de maniére soudaine, mais
se développent progressivement. Les niveaux de contrainte appliqués au cours de l'essai
peuvent correspondre aux limites de fonctionnement nominal ou le plus défavorable prévues
en utilisation sur le terrain ou I'essai peut étre accéléré en augmentant les contraintes d’essai

comme décrit en [1] 1.

1 Les chiffres entre crochets renvoient a la Bibliographie.
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4.2.4 Type C: essais quantitatifs de compression temporelle et d’événements
4.2.41 Utilisation des essais de type C

Les essais de type C sont le plus souvent utilisés pour estimer la durée de vie des composants
lorsque le mode de défaillance dominant est I'usure en utilisation quotidienne, tels les
commutateurs, les claviers, les relais, les connecteurs ou les paliers. Les données obtenues a
partir de ces essais sont souvent analysées en utilisant la loi de Weibull, et souvent sous la
forme de I'essai dit "de mort subite", voir IEC 61649.

De méme, les essais de compression temporelle de type C sont souvent utilisés pour identifier:

. Iei problémes d’intégration systéme (comme l'intégration ou l'interaction entre logiciel et
matériel);

¢ les$ modes de défaillance spécifiques a I'état de fonctionnement, par exemple les cycles de
fopctionnement de tout événement comportant un cycle mécanique et électrigue;

e les modes de défaillance spécifiques a des environnements comportant delarges domaines
dg contrainte, mais pour lesquels il est défini un seuil tel que Jes) ‘expositions & des
contraintes inférieures a ce seuil n'ont pas de contribution significative a 'endommagément
dg I'entité.

Les cpmpressions temporelles ou les compressions d’événemeéents permettent d’accélérer les
contrgintes en durée ou en fréquence d’application sans augmentation de leur niveau.

Une description approfondie de chacune des méthodesd‘essais accélérés ci-dessus est fpurnie
a I’Artiicle 5.

4.2.4.p Compression temporelle

La compression temporelle est une accélération d’essai qui peut étre appliquée dans cerfaines
circonstances, lorsque les essais tiennent.compte uniguement de la durée pendant laquelle une
entité| est réellement fonctionnelle ou\fonctionne dans un état qui génére des dommages
significatifs (également appelée élimination des "expositions non dommageables"). Cg type
d’acce¢lération peut étre appliqué.dans des circonstances ou les contraintes opérationnelles et
leurs |[dommages cumulés sont-hotablement plus élevés que ceux qui apparaissent| dans
d’autres modes opérationnels, par exemple non opérationnel ou de veille. Pour appliquer cette
méthqde, il convient que les dommages cumulés au cours de périodes de moindres contrgaintes
soien{ insignifiants par-+apport aux dommages cumulés au cours des périodes de contraintes
élevées qui, physiquement, ne sont peut-étre pas facilement justifiées (voir IEC 60605-2).

4.2.43 Compression d’événements

Lorsq’unescontrainte est répétitive, comme des cycles MARCHE/ARRET, I'essai peut étre
accélgré’ par une répétition rapide des contraintes (compression d’événements). Cela est
notanjment utile dans le cas ou le niveau de contrainte proprement dit ne peut pas étre accéléré.
De cette maniére, le nombre d’opérations demeure le méme et c’est le cas également de I'effet
des dommages cumulés. |l convient de s’assurer que le niveau de répétition plus élevé des
contraintes ne génére pas de modes de défaillance qui n’apparaitraient pas en fonctionnement
normal, comme I'autoéchauffement d’'une piéce en plastique, des vibrations non amorties avant
la charge suivante et des séquences logicielles qui ne se terminent pas avant le signal suivant.
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5 M

5.1

5.1.1

odeles d’essais accélérés

Type A: essais accélérés qualitatifs

Essais aux limites hautement accélérés (HALT)

5111 Généralités

Le présent document présente chaque type de méthodes d’essais accélérés couramment
utilisées en décrivant ses avantages et inconvénients percus ainsi que les précautions
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5sais de type A ne représentent pas uniquement I’'essai HALT classique, ils trad
ment d’autres types d’essais hautement accélérés tels que les essais en autoclav
de chocs thermiques, les essais marginaux, les essais de contraintes_excessi
essais accélérés quantitatifs, voir JESD47B [2] et [3]).

L’essai HALT classique utilise uniquement des contraintes thermiques et dues a.des vibrations.

ure 1 représente un modéle de rapport entre les spécificationssles limites de conc
stratégies d’essai de la méthode HALT.

P L’acronyme HALT a malencontreusement été considéré comme signifiant "Highly Accelerated Lif|
He durée de vie hautement accéléré). Cependant, étant par nature un essai accéléré qualitatif, H
pas la durée de vie d’'une entité, méme si I’expression "durée de vie” est induite par le fait que les défai
bs lors des essais HALT ne seraient pas rencontrées au cours-de la durée de vie de I'entité soumise a
verifie effectivement les limites de robustesse d’une entitéet, ainsi le terme "limite" semble bien appr

e la démonstration de la fiabilité ou les essais'de croissance de la fiabilité sont accé
nécessaire de démontrer I'existence d’'une ‘marge entre les dommages cumulés i
s contraintes appliquées lors de I'essairet les dommages cumulés dus aux contr
bs au cours de la durée de vie de I'entité"ou a tout autre moment prédéterminé pour
ilité est a démontrer. Les résultats d’essai favorables pour les marges appliquées dg

s de robustesse en fonction della contrainte. Les résultats d’essai prouvent la robus
htrée tandis que la fiabilité est le complément de la zone commune aux deux courb
b et de robustesse, représentées a la Figure 2 (la zone commune aux deux distrib
hrge et de robustesse est associée a la probabilité de défaillance de I'entité; plus
bst grande, plus la probabilité de défaillance est élevée).

igure 1, les spécifications des exigences sont traduites en spécifications de conce

estimer la marge entre les spécifications de conception et 'UUT, il est néce
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menter les niveaux de contrainte jusqu’a apparition des défaillances au cours des g¢ssais
wmmmﬂﬁsmw ifie ; : : limite

de contrainte de fonctionnement (OL), ainsi que par une limite de destruction (DL). Cela indique
également les marges de variations des matériaux et des processus de fabrication, en cours
de fabrication.
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5.1.1.2 Principes fondamentaux des essais HALT

La méthodologie des essais HALT est de précipiter rapidement des défaillances afin d’identifier
et de pallier les faiblesses de conception d’'une entité, de maniére a en augmenter la robustesse
en utilisation sur le terrain. Ce type d’essai accéléré n’est pas destiné a mesurer, mais a
augmenter la fiabilité de I'entité en éliminant les modes de défaillance ayant la marge la plus
faible entre contrainte opérationnelle (charge) et robustesse de I'entité (Figure 2 et Figure 3).
Ce type d’essai accéléré identifie uniquement les modes de défaillance potentiels et permet
d’orienter le développement et I'amélioration des processus pour les agents d’agression
choisis. C’est grace a I’expérience tirée des essais HALT que la plupart des produits sont trés
robustes vis-a-vis des contraintes appliguées, méme si quelques composants ou détails de
conception sont notablement plus faibles que le reste. L'idée sous-jacente d’'un essai HALT est
de trouver ces quelques composants ou détails de conception et de les rendre aussi roQustes
que Ig reste de l'entité.

La Figure 2 représente I'interaction entre distribution de la robustesse et des contraintes] Il est
présumeé que les contraintes sur le terrain dues a diverses applications, conditions climat|ques,
etc. geuvent étre modélisées par une distribution des charges. Ces_caontraintes sqnt ici
présentées en distribution normale. La robustesse des entités varie en fonction des différences
de mdtiéres premieres et de processus de fabrication. Le modeéle de robustesse correspgndant
est édalement représenté a la Figure 2 comme une distribution nortnale.

La zone commune aux distributions de charge et de robustesse‘est associée a la probabilité de
défaillance de I'entité. Plus cette zone est grande, plus la prebabilité de défaillance est élevée.
La Figure 2 représente un graphique de la marge de €onception classique, les critéres de
robusfesse en fonction des contraintes, mais dans le contexte de 5.1.1.2, il ne tient pas compte
du modéle de cumul des dommages et, par conséquent, il est applicable a I'essai inifjal de
courtg durée qui permettrait de mesurer la résistance ultime de la conception de I'entifé. De
mémg, si un contréle qualité poussé de I’entité “‘maintient une trés étroite distribution|de la
robusfesse (ce qui peut étre une mesure trés’ onéreuse et chronophage), il n’y aurajt pas
chevduchement des distributions, ce qui signifie que pour le mode de défaillance spécifique,
les défaillances sur le terrain seraient peu,probables.
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/ : \ sur le terrain :
. | . l
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I\ |
S R :
/A !
. | . |
, I \ !
7 I i ] \
. I |
z ! ! -
B Hs

IEC

Figure 2 — Relations entre fonctions PDF de la robustesse de I’entité en fonction de la
charge en cours d’utilisation
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La Figure 3 représente I'importance des marges de conception. La marge de conception ne doit
pas seulement couvrir la réduction de la robustesse due au vieillissement, a I'usure et a la
fatigue, mais elle doit également couvrir les variations de robustesse causées par les matiéres
premiéres, les composants et les processus de fabrication et d’assemblage. La Figure 3 a)
représente un cas avec une marge de conception insuffisante, la Figure 3 b) un cas avec une
marge de conception suffisante. La courbe de charge représente les charges utilisées pendant
les essais, représentant les charges sur le terrain. La courbe de robustesse est une courbe
PDF qui couvre toutes les entités produites, allant des échantillons d’essai précoces aux entités
produites en série. Les échantillons d’essai sont souvent fabriqués dans un laboratoire d’essais
de prototypes spécial avec des conditions de fabrication optimales et qu’ils bénéficient d’'une
attention maximale de 'encadrement. lls sont donc typiques de la robustesse moyenne ou plus
(cercles bleu clair). roduites en série, des variations de
robusiesse dues aux matiéres premiéres, aux composants et aux processus de fabrication
entraijnent souvent une plus faible robustesse des entités produites ("queue" gauche|de la
distrigution de robustesse, cercles bleu foncé). Lors de I’examen de I'essai d’acceptation de la
concegption a la Figure 3 a), le niveau d’essai est H1, la contrainte maximalg“prévue pur le
terraif. Les échantillons d’essai (cercles bleu clair) réussissent cet essai etctalconception est
approuvée. Cependant, une fois que la production en série commence, ceftaines entitég dans
la queue gauche de la distribution de robustesse (cercles bleu foneg) ‘sont produites, et
certaipes d’entre elles provoquent des défaillances sur le terrain. La Figure 3 b) représemte un
essai [HALT effectué sur la conception. Si la conception survit au niveau de contrainte H1, la
contrginte est augmentée a H2, H3 et H4. A la Figure 3 a), une, défaillance aurait déja été
constatée a H2, si un essai HALT avait été effectué, mais a lalFigure 3 b), aucune défaillance
n’est ponstatée méme au niveau de contrainte H4. La conclusion est donc que la conceéption
représentée a la Figure 3 b) offre une marge suffisante, tandis que la conception représentée
ala Figure 3 a) présente une marge insuffisante. Cela n*atirait pas été détecté si un essai[HALT
n’avait pas été effectué.

Il s’agit la de la justification des essais sous contrainte échelonnée et des essais HALT qui
assurgnt une marge appropriée par rapport au¥ contraintes prévues au cours de la durge de
vie dg I'entité. De cette maniére, il est possible de réaliser ces essais sur un nombre beaficoup
plus faible d’échantillons d’essai que celyi qui est nécessaire pour des essais classiques.
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Chevauchement en raison
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Figure 3 — Comment I’essai HALT détecte la marge de conception

L’essdi HALT est un essai exploratoireet qualitatif d’amélioration de la conception et il cohvient
donc ¢le I'accepter en tant que tel. Ikidentifie le mode de défaillance du maillon le plus faible de
la corfception pour le ou les typestde contraintes concernés. Si le mode de défaillance gst lié
aux dontraintes rencontrées~dans I’environnement d’utilisation de l'entité, les niveaux de
contrginte ne peuvent étre estimés que par des cirieres techniques qui tiennent compte| de la
margg entre les courbes'de charge et de robustesse et qui inclut la marge supplémelntaire
induite par les variations attendues du processus de fabrication et de I'environngment
d’utiligation prévu. Le Tableau A.1 représente la comparaison entre les essais HALT et un|[essai
accéleré classiqueUne procédure par étape est donnée a I'Article A.2 et des exempleq dans
le Tahleau A.2,<le-Tableau A.3 et le Tableau A.4.

Sachant quetle maillon le plus faible céde en premier, 'application de I’essai HALT se pdursuit
afin defdetecter le deuxiéme, le troisieme et les autres maillons faibles suivants. |Cette
prOCé.u.uc o0 'JUUIOUIt Juoqu,c‘l \ ] qu’auuull IIIUdU dU défﬂl::alluc PUIt;IIUIIt LA~ OUIt UbOUI\/é OU

jusqu’a ce que soient atteintes les limites technologiques du systéme soumis a I'essai.

L’essai HALT est congu pour aller au-dela de I’environnement d’utilisation de I'entité et de ses
spécifications de conception. Les contraintes sont appliquées pendant de courtes durées et
I’objectif est de précipiter les défaillances latentes et de renforcer I'entité dans toute la mesure
ou cela est économiquement et techniquement réalisable. L’essai HALT identifie les modes de
défaillance, mais non leur dépendance temporelle.

L’'UUT doit étre surveillée du point de vue fonctionnel au cours de I'essai, afin de détecter les
éventuelles pertes de fonctions. S’il n’est pas possible d’assurer une surveillance continue,
I’entité est a soumettre aux essais en maintenant constant le niveau de contrainte. L’Annexe A
représente une procédure type d’essai HALT.
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L’amplitude des contraintes n’est pas le centre d’intérét de I'’essai HALT; le véritable centre
d’intérét d’'un programme d’essais HALT efficace est 'amélioration de I’entité et la réponse
devant étre apportée par 'organisme aux défaillances. Il convient que I'amélioration de I'entité
se poursuive jusqu’a obtenir une entité robuste et rentable dont aucune partie de la conception
n'est notablement plus faible que le reste de I'entité. L'objectif est de continuer & améliorer
I’entité jusqu’a un niveau justifié par 'analyse de rentabilisation et I'utilisation d’une technologie
efficiente.

Les limites de fonctionnement et de destruction de I’entité peuvent étre représentées comme
des distributions sur un axe des contraintes, comme représenté a la Figure 4, pour les deux
limites, supérieures et inférieures (LOL, UOL, LDL et UDL).

Marge de Spécification Marge de
fonctionnement de conception— fonctionnement

AN A

Marge de destruction Marge de destruction

1 = LDL
= LOL

uoL
- UDL

-

\
-

LDL LOL uoL uDL
Contrainte
IEC

Figure 4 — PDF des.limites de fonctionnement et de destruction en fonction de |a
contrainte appliquée

Dans [’exempleia-la Figure 4, les deux limites de contrainte affectent une entité donné¢. Cet
exemple peuf. étre la contrainte thermique; dans ce cas, les performances de l'entitg¢ sont
affectpes par les températures aussi bien élevées que basses. Il est possible que ces effets ne
soien{ pas symétriques, étant donné que les limites pour les températures élevées peuvent se
situerlanine distance différente de celles des températures basses par rapport 3 1a confrainte
de conception nominale. Méme si ces essais sont réalisés sur des prototypes a un stade de
production précoce, ils peuvent fournir des informations sur les modes de défaillance liés a la
conception. La Figure 4 montre que toutes ces limites peuvent varier comme l'indiquent les lois
de distribution. Ces lois de distribution peuvent avoir des écarts-types différents et la
détermination de I'essai HALT a pour objectif de donner une indication des marges qui
permettent a I'entité finale de subir ces variations sans défaillance sur le terrain.

Bien que la Figure 4 décrive une contrainte thermique, la méthode HALT peut également
s’appliquer avec succés a d’autres types de contraintes. Dans le cas d’autres types de
contraintes, il est possible qu’il n'y ait pas de limites inférieures comme dans le cas de
contraintes mécaniques, mais il peut y avoir d’autres contraintes telles que des contraintes
électriques ou méme '’humidité.
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5.1.1.3 Types de contraintes et application

2023

Les contraintes principalement ou généralement appliquées dans les essais HALT sont les
suivantes:

e Ja

température;

e les cycles thermiques;

e |es vibrations ou les chocs;

e Ja

e un

tension électrique;
e combinaison de vibrations ou chocs et de cycles thermiques.
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L’Anngexe A représente un exemple de niveaux de contrainte types. Les contraintes d

HALT
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nce d’horloge pour les microprocesseurs, les variations de tension ou de-puisg
sition a des contaminants ou a des solvants, etc. ou une combinaison d¢
intes [3].

ification des marges et les améliorations apportées a I’entité en répofsse aux essais

sont également appliquées comme décrit en 5.1.1.2jusqu’a ce que les contr
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r qu’il convient que les niveaux de contrainte appliqués ne dépassent pas les limit
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I'air froid, en'les suspendant a I'extérieur de 'UUT afin de les isoler des vibrations et
ocs ou mémeen les retirant de la chambre d’essai HALT et en les munissant de rall
cordementau reste de 'UUT. Les éléments fragiles qui ont été protégés pendant |
sont alors a soumettre a un essai séparé, par exemple un essai de composant
de survie.

bnges
essai
ou un

analyse des causes initiales des défaillances, voir IEC 62740 [4]. Si le mode de défaillance
identifié est susceptible d’apparaitre sur le terrain ou il est prévu que le niveau de contrainte
soit beaucoup plus faible que celui appliqué lors des essais HALT, il convient de proposer et
de mettre en ceuvre une mesure corrective conformément a I'état de la technique et aux

décisi

ons de la direction.
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5.1.2 Essai sous contrainte hautement accéléré (HAST)

Ce type d’essai peut étre considéré comme étant au croisement entre les essais qualitatifs de
type A et les essais quantitatifs de type B. Ce type d’essai est communément utilisé dans
I'industrie des composants électroniques comme une variante plus efficiente (plus courte) que
I'essai de différentiel température/humidité (THB) qui dure beaucoup plus longtemps, il s’agit
d’'un essai en autoclave d’'une durée de 1000 h. Dans le cadre des essais HAST, ces
contraintes sont en général la température et 'humidité qui peuvent corroder les orifices
d’interconnexion (conducteurs métalliques) des puces et les résistances a couche mince. Les
composants sont généralement polarisés au cours de I’essai. Méme si ces essais ne fournissent
pas des estimations numériques de la fiabilité, ils sont utilisés comme des essais de
requalification effectifs, qui permettent de s’assurer que la fiabilité des composants n’est pas
compiomise par d’éventuelles modifications apportées aux composants, voir JESD22-Ad lo [5].
La dyrée des essais HAST dans l'industrie des composants électroniques est eh.ge¢néral
d’environ 100 h et les niveaux habituels de contrainte pour la température et ’humidité rglative
sont respectivement de 130 °C et de 85 %.

5.1.3 Déverminage ou audit sous contrainte hautement accéléré (HASS/HASA)
5.1.3.{ Applicabilité et principe du HASS/HASA

HASS et HASA ne sont pas considérés comme des essais, car il n’y apas de criteres de réussite
ou d’echec. lls sont cependant inclus dans le présent document, car ils appliquent des
contrgintes accélérées pour détection ou déverminage des défauts. HASS est utilisg¢ pour
déverminer des unités de production en utilisant des contraintes beaucoup plus élevées que
celles| prévues en utilisation normale ou lors de I'expéditiion de I'entité, mais avec des niyeaux
plus faibles que ceux qui peuvent réduire notablemenb la durée de vie de I'entité sur le terrain.
Ces niveaux sont déterminés sur la base des cenclusions et constatations du programme
d’essais HALT. Le déverminage peut étre efféectué sur I'ensemble (100 %) des unitgs de
produgtion ou sur un échantillon. L’objectif du, déverminage est de détecter les éveptuels
défaufs de fabrication latents qui pourraient éventuellement apparaitre lors de l'utilisation
normale de I'entité. La détection des défauts latents, suivie par une analyse des défaillances
et les|actions correctives nécessaires (véfifiées par un essai congu pour détecter le mode de
défaillance spécifique), réduit le nombre de défaillances latentes. L’amélioration de la figbilité
sur lelterrain qui en résulte est dueva la réduction du nombre de composants mis en sgervice
préseptant des défauts de fabrication latents et non a une modification de la fiabilité inhg¢rente
a la cpnception. HASS est idéalement adapté a la production pilote ou aux montées en charge
de la production, c’est-a-dire aun moment ou le taux de production est faible et qu’il est pogsible
d’effegtuer facilement un.déverminage a 100 %. HASS peut se poursuivre en fonctionng¢ment
normal pour des entités trés critiques qui sont fabriquées en petits volumes.

Les niveaux de)‘contrainte utilisés en HASS ou HASA permettent un déverminage de
précigitation des\défauts. Le déverminage de précipitation consiste a appliquer des contraintes
combinées dont les niveaux s’inscrivent tout juste dans les limites opérationnelles. L’objectif de
ce déjerminage est de précipiter la transformation de défauts de fabrication en défaillances
intermitténtes ou permanentes. Pour détecter les défaillances, il est recommandé de suryeiller
les fonctions des UUT pendant le deverminage, sachant quil est possible que certaines
anomalies opérationnelles ne soient pas décelées lors des vérifications opérationnelles
réalisées aprés les essais. Par ailleurs, le moment ou, au cours du déverminage de
précipitation, d’éventuelles défaillances fonctionnelles intermittentes peuvent étre détectées
n'est pas connu. Le déverminage de précipitation peut combiner plusieurs types de contrainte
et différents niveaux de contrainte. Comme pour les essais HALT, des défaillances
intermittentes peuvent étre vérifiées en utilisant un déverminage de détection, voir Article A.2,
Etape 4. Il convient d’assurer une surveillance constante afin d’obtenir une couverture
fonctionnelle aussi compléte que possible. Il convient d’optimiser la couverture et I'efficacité de
la surveillance avant de commencer le processus de développement du déverminage. Il
convient que le processus de surveillance facilite I'analyse des causes initiales.

Le déverminage de précipitation type exige une durée d’application des contraintes
relativement courte de 3 min a 1 h. Un supplément de temps est exigé pour le montage du
matériel d’essai et de surveillance.
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HASA est un outil de surveillance du processus, utilisé lorsqu’'un échantillon de lot de
production est exposé au déverminage de précipitation afin de détecter les défauts possibles.
HASA est souvent réalisé avant la libération du lot de production. Lorsque le processus de
fabrication atteint sa maturité, HASS est souvent supplanté par HASA. HASA est par ailleurs
réduit, voire écarté, lorsque I'efficacité des contréles de production est bien établie.

5.1.3.2 Sélection des contraintes et de leurs amplitudes

Il convient de sélectionner les contraintes de maniére a ne pas compromettre, du point de vue
fonctionnel, les propriétés du matériau ou la durée de vie du matériel non défectueux. Les
niveaux initiaux sont déterminés a partir des informations obtenues lors d’essais HALT.

Le déverminage de précipitation est réalisé a des niveaux de contrainte Iégérement inférieurs
aux limites de fonctionnement, sachant que les caractéristiques fonctionnelles de 'UUT $ont a
survelller pendant le déverminage. En général, la contrainte de température est réduite d¢ 5 °C
et le rliveau de vibration de 2 g en valeur efficace (19,62 m/s2). Avant d'utiliser le dévernfinage
de précipitation en HASS ou HASA, il convient de s’assurer qu’il ne réduit pas motablement la
durée|de vie de I'entité sur le terrain. Cela peut étre effectué, par exemple en~exposant 10 fois
un échantillon donné au déverminage de précipitation.

5.1.4 Aspects techniques de HALT et de HASS
5.1.4(1 Avantages de HALT et de HASS

Les ayantages de HALT et de HASS sont les suivants:

e marges de conception augmentées et vérifiées de{maniére sélective pour améligrer la
figbilité;

o faible effectif d’échantillons pour la détermination. d’'un mode de défaillance spécifique;

e détermination rapide des modes de défaillance déterminants pour des agents d’agrgssion
splécifiques et contraintes facilement combinées (la durée de I'essai est en généfal de
3 Jours);

e analyse de compromis efficacement-réalisée et détermination des actions corregtives
nécessaires;

e véfrification rapide des actionslcorrectives;
e dfverminage efficace de la production a court terme;

e élimination des composants faibles ou défectueux (HASS) en les séparant de la popylation
principale (amélioration de la qualité et de la fiabilité).

5.1.4.2 Inconvénients de HALT et de HASS
Les inconvénients de HALT et de HASS sont les suivants:

a) stimulation possible des modes de défaillance susceptibles de ne pas étre observgs en
utilisation normale de I'entité;

b) sur-amélioration potentielle de la marge de conception (surconception);
c) fiabilité résultante inconnue;

d) confiance statistique des résultats d’essai limitée (sur ou sous-estimation des marges de
conception);

e) absence de couverture par les essais de tous les effets interactifs des modes de défaillance
multiples;

f) irréalisables pour les grandes entités, les petites entités et les entités présentant des
fragilités diverses;

g) nombre limité de types de contraintes (principalement température, vibrations, chocs et
cycles thermiques);

h) inaptitude a évaluer les limites de conception pour une contrainte influencée par la synergie
avec d’autres types de contraintes non prévues par les types d’essais HALT.
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5.2 Types B et C — Méthodes d’essais accélérés quantitatifs

5.2.1 Objectif des essais accélérés quantitatifs

L’objectif des essais accélérés quantitatifs est d’estimer une ou plusieurs mesures de fiabilité,
par exemple le taux de défaillance, la probabilité de défaillance ou de survie, la durée de
fonctionnement avant défaillance (TTF). L’objectif des essais accélérés quantitatifs est bien
souvent la détermination de la durée de vie de composants ayant une durée de vie limitée
(usure), ou la détermination (quantification) et ’'amélioration de la fiabilité des systémes et des
composants. L’analyse de Weibull est a cet effet trés utile, voir IEC 61649.

essai$ acceélérés est d’accélérer le taux de cumul des dommages pour)des mécanjsmes
pertinents de défaillance par contraintes répétitives et par usure (un mécanisme de défaillance
pertinent est un mécanisme susceptible d’apparaitre dans des conditions-normales du cygle de

Il est| nécessaire, pour accélérer les essais, d’avoir une. Connaissance approfondi¢ des
mécanismes de défaillance potentiels, ainsi que des% contraintes opérationnellgs et
d’environnement de I'entité ou du systéme. Cette connaissance peut également étre agquise
par upne analyse des modes de défaillance de I'entité,concue, associée au profil d’utilisation
prévu|de I'entité, en utilisant par exemple une analys€ AMDE (voir IEC 60812 [6]). Des m¢gsures
efficages peuvent alors étre prises, non seulement pour prévenir la manifestation deg ces
défaillances lorsque les entités sont soumises a des contraintes du cycle de vie ou d’utilisation
prédéterminées, mais également afin de précipiter ces défaillances de maniére efficace au
cours|des essais accélérés pour 'amélioration'de I'entité. L’expérience a montré que les g¢ssais
accélgrés d’'usure ou de fiabilité sont précieux pour I’évaluation de la fiabilité de sysfémes
électrpniques, électromécaniques et mécaniques exigeant une haute fiabilité. L’application de
contrgintes élevées est en général destinée a:

a) faire en sorte que la conception soit plus robuste et améliorer le processus de fabrication
pdr des essais systématiques sous contrainte échelonnée et en augmentant les mardges de
contrainte au moyen d’actions correctives (essais de croissance de la fiabilité);

b) répliser des essais de’durée de vie accélérés en laboratoire afin de mesurer et de virifier
laffiabilité en seryice:

L’éterldue de I'accélération, appelée de maniére générale facteur d’accélération (4F) est géfinie
commle étantde,rapport de la durée de vie dans les conditions d’utilisation a la durée de vie
dans Jes conditions d’essai accéléré. Ce facteur d’accélération est nécessaire pour ppuvoir
extragoler.de maniére quantitative une mesure de fiabilité (telle que la durée de fonctionngment
avant| défaillance et les taux de défaillance) de I'environnement d'essai accéléré| vers
I’environnement d ufilisation, avec un certain degreé de conilance raisonnable. Le facteur
d’accélération dépend des parameétres matériels (par exemple les propriétés du matériau,
I’architecture de I'entité) de 'UUT, des conditions de contrainte en utilisation, des conditions
d’essais accélérés sous contrainte et du mécanisme de défaillance applicable. Ainsi, chaque
mode de défaillance pertinent (en présumant qu’il résulte d’'un mécanisme de défaillance) pour
I'UUT concernée, dispose de son propre facteur d’accélération et les conditions d’essai (par
exemple le cycle d’utilisation, le niveau de contrainte, I’historique des contraintes, la durée des
essais) doivent étre adaptées en fonction de ce facteur d’accélération.



https://iecnorm.com/api/?name=adc4a3daa201534f213c37a823219cdd

- 118 - IEC 62506:2023 © IEC 2023

Les caractéristiques physiques appréhendées pour les défaillances signifient que chaque mode
de défaillance est traité séparément et la marge du point de vue de la durée de vie ou de la
fiabilité exigée est vérifiée pour chacune de ces caractéristiques. Cette approche est telle que
chaque mode de défaillance dispose de sa propre loi de distribution des défaillances et de son
propre taux de défaillance. Dans d’autres cas, le résultat est combiné a une fiabilité estimée

pour |

’ensemble des entités.

Lors de la planification d’un essai, il convient d’énumérer les modes de défaillance potentiels
de I'entité. L’essai est ensuite planifié selon les niveaux et les durées de contrainte de sorte
qu’il convient de pouvoir observer les modes de défaillance au cours de I'essai s’ils sont
présents dans I'entité. Pour cette planification, les facteurs empiriques obtenus d’entités
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s pour estimer le facteur d’accélération de I'essai. A I'issue de I'essai, les mod
ance réels sont connus et I'essai peut étre analysé pour chagque mode de défai
Ement. Il est recommandé d’utiliser un montage d’essai capable d’estimer\les fa
ques a partir de I'essai proprement dit, voir Annexe E et Annexe F.
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5sais de type B peuvent étre exécutés en augmentant le niveau des”diverses charges

que les charges thermiques (par exemple température, cycles thérmiques et ta

ux de

on de la température), les charges chimiques (par exemple humidité, produits chinjiques
ifs tels que les acides et les sels), les charges électriques (pariexemple tension, intgnsité,
puissance en régime établi ou transitoire) et les charges..mécaniques (par ex

hations mécaniques cycliques quasi statiques, vibrations et chocs ou impulsio

bmple
ns ou

ts). L’environnement de I’essai accéléré peut comporterune combinaison de ces dierses
es. L'interprétation des résultats pour les charges.combinées et leur extrapolation aux
ions du cycle de vie exige une connaissance guantitative des interactions relativgds des
ntes contraintes d’essai et la contribution de €haque type de contrainte au dommage

R Avantages de I’essai de type B

5sais accélérés sous contrainte fouthissent des informations quantitatives sur la fi
ntités en essai:

type d’essai peut étre conegu:

abilité

pour les modes de défaillance sélectionnés (par exemple a partir d’'une analyse AMDE)

pour évaluer avec une confiance raisonnable la fiabilité globale;

pour les contraintes combinées, de maniére a simuler les effets interactifs d
contraintes et optenir une évaluation réaliste de la fiabilité de I'entité;

ccélération,"des essais peut étre efficacement réalisée pour que I'essai représen
mmages-cumulés en utilisation.

3 Inconvénients de I’essai de type B:

e ces

te les

que’que I'accélération des contraintes puisse dépasser les caractéristiques phygiques

des matériaux utilisés dans I'entité et donne lieu a des dommages imprévus;

e risque que l'accélération des contraintes combinées fasse subir a I'entité des dommages
supplémentaires imprévus qui n'auraient pas lieu dans les conditions d’utilisation réelles;

o le référentiel applicable aux essais accélérés n’est pas une contrainte unique, mais
considére généralement plusieurs contraintes qui varient en fonction de I'utilisateur et de
I’emplacement. Cela nécessite d’étre pris en compte dans le cadre de la quantification des
résultats.
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5.2.3 Essais de type C, compression temporelle (C,) et des événements (C,)
5.2.3.1 Essais de type C,

5.2.3.1.1 Généralités

La compression temporelle est réalisée en éliminant le "temps a I'arrét" (par exemple le temps
non opérationnel ou le temps avec de faibles niveaux de contrainte) par compression du cycle
d’utilisation en tenant uniqguement compte du temps d’activité. En outre, lorsque les entités sont
exposées a une grande variété de contraintes, il arrive souvent que les contraintes les plus
elevees (Ies contramtes prlmalres) generent le pIus de dommages et certams niveaux de

retirée¢ du programme d’essai. Cela est notamment vrai pour les fatigues mécaniques efl cette
hypothése s’applique souvent a des essais accélérés de fatigue structurelle, voir{EC 60605-2.

Un exemple de compression du cycle d’utilisation est 'application d’'une durée d’essai d¢ 24 h
par jolur, alors que I’entité, dans son environnement d’utilisation réel, ne(fonctionne que 8| h par
jour, ¢e qui donne un facteur de compression temporelle de 3. Chaqué.durée d’essai d’un jour
équivaut a une utilisation réelle de 3 jours.

5.2.3/1.2 Avantages des essais de compression temporelle

Les eptités ayant une durée d’utilisation minimale ou uty temps de fonctionnement codrt par
rappoft au temps calendaire peuvent étre soumises aux essais au cours d'une période d[essai
trés raisonnable par rapport a la durée de vie exigée (par exemple du matériel bureautiqueg, des
automobiles, des machines de récolte). Un chasse*heige est, par exemple, utilisé pendanpt une
seule(saison et une fois par an et seulement s’ily a suffisamment d’accumulation de neig¢ pour
que spn usage soit nécessaire. Méme lorsqulil*est utilisé, il est prévu qu’il soit actif pendInt en
moyenne 2 h a 3 h. Il est soumis a plusieurs contraintes primaires dommageables, tellgs que
les vibrations, les contraintes du moteur{f/usure des lames. Pendant le reste de I’année] il est
rangé| dans un abri et protégé contre les principaux agents atmosphériques. Ainsi, un
chassfe-neige qui a une durée de vie'exigée de dix ans, mais qui n’est effectivement utiligé que
quatrg fois par mois pendant trois-mois, pendant une durée de 2 h, peut étre soumis ja des
essai$ de durée d'utilisationéxigée de 240 h. Par conséquent, une durée d’essai d’epviron
300 h|constitue une bonne marge pour démontrer la haute fiabilité du chasse-neige.

La dufée de I'essai aux ¢ontraintes nominales étant relativement courte, il n’y a aucune faison
d’augenter les contraintes et, par conséquent, il n’est pas nécessaire de détermingr les
facteyrs d’accélération des contraintes sous peine de soumettre 'UUT a des contraintes
excespives.

5.2.3./1.3 Inconvénients des essais de compression temporelle

Le fai dc o0 LlUIIL;CIItIUI CAU:UD;VUIIICIIt LUl :C tclllpo U}Jélat;ullllc: O;ull;f;c :a pl;oc CIl bulllpte de
I’environnement opérationnel uniquement, avec les modes de défaillance correspondants,
tandis que les modes de défaillance en environnements "non opérationnels" peuvent étre omis.
Ces derniers peuvent se révéler plus dommageables pour I'entité, sachant qu’ils résultent de
contraintes qui sont peut-étre beaucoup plus faibles que celles auxquelles I’entité est soumise
en utilisation, mais appliquées pendant des durées beaucoup plus longues, de sorte qu’elles
peuvent générer des dommages cumulés identiques, voire supérieurs a ceux des contraintes
appliquées en cours d’utilisation.
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En prenant toujours le méme exemple du chasse-neige et en tenant compte des 87 600 h de
sa durée de vie de dix ans, le chasse-neige est exposé a des températures extrémement basses
pendant environ 20 000 h, ce qui entralne un mode de défaillance par fragilisation des
matériaux, a des températures extrémement élevées, pendant environ 6 000 h, ce qui entraine
un vieillissement des piéces en plastique, de la peinture et des adhésifs, ainsi qu’a environ
7 200 cycles thermiques entrainant de multiples dommages structurels, outre I'humidité
appliquée pendant au moins 30 000 h par an, ce qui entraine une corrosion importante. Des
essais effectués uniqguement dans les conditions opérationnelles ne tiendraient pas compte des
effets de ces environnements non opérationnels.

Pour les entités soumises a des durées d’activité beaucoup plus courtes que les périodes

d’inac

essaig
avant
pendg
extréme, le rayonnement solaire ou des charges mécaniques telles que des yibrations ¢t des
chocs| simulant les conditions de non-fonctionnement. L’objectif de ce précanditionnement est
de simuler l'interrelation des modes de défaillance en utilisation active-avec les modes de
défaillance prévus en stockage, qui, a leur tour, affectent grandement|lés modes de défaillance
en ufflisation. Par exemple, la corrosion du chasse-neige pourrait grandement affecter
I'influgnce des vibrations appliquées a la structure de I'entité.

5.2.3.p Essais de type C,

5.2.3.2.1 Généralités

Les epsais de compression d’événements appliquént des répétitions d’événements a de$ taux
beaudoup plus élevés que ceux subis par I'entjté ‘en utilisation réelle. Par exemple, les ¢ycles
MARCGHE/ARRET de I'unité mentionnée ci-déssus (le chasse-neige) peuvent étre comgrimés
en up essai de plusieurs heures, en)\ appliqguant de maniére répétitive des ¢ycles
MARGHE/ARRET. Par conséquent, les @20 cycles MARCHE/ARRET exigés au cours|de la
durée|de vie de 10 ans, avec une marge'suffisante permettant de démontrer la fiabilité, seraient
un essgai trés court.

Les egsais de type C, peuventétre associés aux essais de compression temporelle pour obtenir

une apcélération supplémentaire des essais. Cela peut donner lieu a un essai trés court avec
démonpstration d’une "haute fiabilité"; cependant, cette accélération combinée doil étre
accompagnée de nombreuses précautions importantes. Par exemple, I'application rapide de
contrgintes répétées peut affecter les résultats d’essai par variation des dommages cumulés.

Les gssais decompression d’événements peuvent également étre combinés aux essais
d’accelération des contraintes pour raccourcir encore plus la durée de I'essai. Il convignt de
prenci}e les/précautions nécessaires lors de la préparation de ces essais, car la comprgssion
tempqrelle peut influencer l'accélération des contraintes. Par exemple, des (¢ycles
MARCHE/ARRET rapides entrainent le passage a I’état ARRET pendant une trés courte
période, ce qui ne laisse pas a 'UUT le temps de se refroidir correctement. Cela peut entrainer
une accélération thermique supplémentaire de 'UUT et une défaillance précipitée. De méme,
ce type d’accélération peut ometire les défaillances dues a la non-utilisation, comme la
détérioration des matériaux.

5.2.3.2.2 Avantages de I’essai de type C,

L’avantage de I'’essai de type C, est qu’en une courte période, en accélérant la répétition des

contraintes, il est possible de reproduire les dommages cumulés sur une durée beaucoup plus
courte qu’en utilisation normale.


https://iecnorm.com/api/?name=adc4a3daa201534f213c37a823219cdd

IEC 62506:2023 © IEC 2023 -121 -

5.2.3.2.3 Inconvénients de I’essai de type C,

Ce type d’essai peut également générer des effets négatifs par application de contraintes
continues entrainant des défaillances précipitées qui, normalement, ne seraient pas apparues.
Par exemple, I'application d’un frottement continu a des piéces mécaniques, qui entraine une
usure par frottement en fonctionnement, peut produire de la chaleur qui pourrait précipiter une
défaillance, alors qu’en usage normal, celle-ci serait retardée par des périodes de
refroidissement. Un autre exemple peut étre la fatigue du métal, due a la répétition des
contraintes si ces derniéres sont appliquées sans donner au matériau le temps de relaxation
nécessaire.

5.3

L'importance d’'une bonne analyse des défaillances doit étre fortement soulignee. Il est
essentiel de comprendre les mécanismes de défaillance pour concevoir et réaliser'avec succés
des e}sais de durée de vie accélérés ou autres, tels que les préconisent les_méthodes de
conception et de prédiction de la fiabilité fondées sur les caractéristiqués,'‘physiquep des
défaillances (a condition que lesdites prédictions soient fondées sur-les’ caractérisfiques
physiques de la méthode d’évaluation des défaillances). Pour cela, une-méthode ratiophnelle
permettant de corréler quantitativement les résultats des essais accglérés a la fiabilité qu aux
taux de défaillance dans des conditions d’utilisation, en utilisant unétransformée d’accélération
scienfifique, doit étre identifiée. Il est nécessaire de déterminer(quantitativement I'impoftance
de la pompression temporelle d’essai réalisée au cours d’'un esS§ai accéléré, en se fondant sur
les caractéristiques physiques des modes de défaillance pertinents. Les essais de durée fe vie
accélérés tentent de réduire la durée nécessaire a I'observation des défaillances. Dans cdrtains
cas, i| est possible de les réaliser sans modifier réellement I'’équation du taux instantapé de
défaillance. Cependant, si la fonction de danger varie, elle est appelée "modéle de danger
propofrtionnel". Mathématiquement, la différence entre les deux est perceptible dans leq deux
équat|ons ci-dessous, pour une loi de Weibull dans laquelle Hp (¢) est la fonction de danger

cumulé pour la durée de vie accélérée, Hpy(2) est la fonction de danger cumulé pour le modele
de dahger proportionnel, AF est un facteur\d’accélération di a un certain type de stimulus et
(#/n)Plest le danger cumulé non modifié'pour une loi de Weibull (1 = temps, 7 = durée dle vie
caracféristique et g = parametre de forme).

B
tin (0= 2 (1)
n
; B
Ho (1) = AFx[;j (2)

Dans la fonction Hp (¢), le temps est une relation linéaire de la fonction d’accélération. Dans la
fonction Hpy(?), la fonction de danger proprement dite est modifiée. En réarrangeant I’équation
pour Hp(?), il apparait que le temps est une fonction non linéaire du facteur d’acceélération. La
différence entre ces deux types d’'essais accélérés est que H,  (f) exige uniquement que soit

connu le rapport de la durée d’essai réelle au temps calendaire (durée non accélérée) résultant
du stimulus environnemental appliqué, tandis que Hpy(t) exige que soit connue la maniére dont

le facteur AF varie en fonction du parameétre . Pour la loi de Weibull, dont la distribution
exponentielle est un cas particulier, la distribution résultante demeure dans les deux cas une
loi de Weibull.
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L’Equation (1) s’applique en général lorsque I'accélération est effectuée au taux de répétition
augmenté des contraintes répétitives appliqguées comme les cycles de fonctionnement. Il est
préférable d’utiliser I'Equation (2) lorsque I'accélération est appliquée aux états physiques de
'unité en essai, comme l'accélération thermique, ou le facteur d’accélération proprement dit
dépend de la distribution.

Pour résumer le raisonnement ci-dessus, il est possible d’affirmer que I'accélération des

contraintes assure une réduction de

la durée de fonctionnement avant défaillance en

augmentant les niveaux des contraintes au-dela de celles prévues en utilisation normale de
I’'entité.

5.4

5.4.

1

Il est

qui

g

défail
I'accé

contrgintes varient en fonction de I'utilisation de I'entité.

5.4.

La pr@cédure suivante s’applique:

a)

b)

c)

d)

f)

g)
h)

2

on de niveaduX de Or

en essai — Modélisation des contraintes

Généralités

Egalement important de comprendre les contraintes opérationnelles gt d*environn
Bnérent le mode de défaillance sur la base des caractéristiques'/physiques
ance. Cette modélisation des contraintes sert de point de réference de dépad
lération. La maniére dont ce référentiel est traité est extrémementiimportante lorsq

Méthode pas-a-pas

ement
de la
rt de
e les

identifier les facteurs de contrainte pertinents sur'ié terrain, y compris durant le stockage et

le

déterminer les types de contraintes a accélérer, celles qui sont utilisées avec leurs v
ngminales et celles qui peuvent étre omises, par exemple parce qu’elles sont couvert

d

déterminer si les contraintes peuvent étre appliquées simultanément, de maniéere a i
dgs interactions de contraintes, @u si elles sont a appliquer successivement, par ex
ay cours d’un cycle d’essai, voir IEC 60605-2;

déterminer si le facteur d‘accélération (4F) peut étre estimé a partir de I'essai ou e

le

empiriques applicables;
ddterminer I'effectif.d’échantillons, voir IEC 61649, IEC 61123 et IEC 61124;

ré
pr|

arjalysertessai, séparément pour chaque mode de défaillance, voir IEC 61649, IEC

et

consigrertesresultats-d-essai—vortHEC60300-3-6-

transport, voir série IEC 60721;

hutres essais;

5 facteurs d’accélération sur la base des équations d’accélération et des fa

pliser I'essai,\voir IEC 60300-3-5;
pcéder a-l'analyse des défaillances;

IEC\61124;

hleurs
PSS par

hclure
emple

stimer
cteurs

51710
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5.5 Méthode d’accélération de contraintes multiples — Essais de type B

Dans le cas ou deux contraintes ou plus sont a l'origine d’interactions affectant la durée de vie
du composant ou de I'entité (fiabilité), 'accélération d’essai est effectuée en augmentant
chaque contrainte différente sur la base de modéles appropriés aux contraintes concernées.
Dans ce cas, les taux de défaillance représentant chacun des mécanismes de défaillance sont
accélérés séparément et il convient d’estimer séparément la fiabilité globale (R) ou la probabilité
de défaillance (F). Cela peut étre exprimé sous la forme générale suivante:

NS
R=T]& (3)
i=1
ou
R; représente I'influence d’'une contrainte i sur la fiabilité de 'UUT lorsqlUe les contraintes

sont indépendantes;
R représente la fiabilité de 'UUT;
Ng [est le nombre total de contraintes indépendantes.

Le ca$ particulier des risques concurrents est décrit dans I'l[EC 61649:2008, Annexe G.

Si la gurée de fonctionnement avant défaillance de itous les composants ou entités peyt étre
modélisée par la distribution exponentielle, cela peut étre simplifié de la maniére suivantg:

N, .
AF X dgyins = Z,-j AF; % A6 (Contrainte) (4)

Dans |le cas de la loi de Weibull, lorsque toutes les distributions des modes de défaillan¢e ont
le méme paramétre de forme,.le paramétre d’échelle d’'une entité soumise a des contraintes
combinées est le suivant:

1 1 s

- (5)

Mhom (Stress)  nfj 5 nf (Stress)
ou
B est le paramétre de forme de la loi de Weibull;

Nentite €St le paramétre d’échelle d’'une entité pour la combinaison de contraintes différentes;
ny est le paramétre d’échelle de base;

n; sont les parameétres d’échelle déterminés pour des contraintes différentes.

En cas de parametres de forme différents, la distribution qui en résulte peut étre différente de
la loi de Weibull et la complexité des relations correspondantes dépasse le domaine
d’application du présent document.

Il est a noter que la loi de Weibull peut étre uniquement utilisée lorsqu’il s’agit d’accélérer des
modes de défaillance uniques, car elle comporte une dépendance des durées de
fonctionnement avant défaillance, sachant que la modélisation de Weibull n’est pas applicable
au mélange de différents modes de défaillance. Les durées de fonctionnement avant défaillance
ne sont pas liées dans le cas de modes de défaillance différents, méme si un seul composant
est concerné.
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L’Equation (4) présente une méthode plutdt précise d’expression du taux de défaillance global
de I'entité avec application des contraintes. Il est présumé que le taux de défaillance de la piéce
ou du composant est la somme d’un taux de défaillance de base, résultant de modes de
défaillance indéterminés liés aux défauts intrinséques de la piéce, et des taux de défaillance
attribués aux modes de défaillance sensibles a des contraintes particuliéres et qui sont
accélérés par ces contraintes. Ainsi, les taux de défaillance représentant des contraintes
différentes peuvent étre déterminés par des essais de contraintes séparés. Les accélérations
de contraintes différentes s’appliquent donc a chacun de ces modes de défaillance liés a une
défaillance particuliére.

Si chaque type de contramte accelere un seuI mode de defalllance Ie facteur d acceleratlon
affect #ution
exporentlelle ce qui est souvent le cas Iorsque Ies ensembles et Ies systemes sont soymis a
des epsais pour plusieurs modes de défaillance différents, le taux de défaillance diune [entité
aprés|accélération est le suivant:

Ng

AF X Jem = ZAFZ- * Atem (Stress) (6)
i=1

Ayantl a I'esprit que plusieurs contraintes peuvent accélérer le méme mode de defaillance,
I’accé|ération d’essai a partir de 'Equation (6) devient I'Equation (7):

A = AFrest X 79 = Z{(HAFkJ X’%J (7)

i1

ou

Ao est le taux de.defaillance de I'entité dans des conditions d’utilisation;

An est le talx)de defaillance de I'essai accéleré;

(HkAFk)- est\le produit des facteurs d’accélération des contraintes, i, affectant le

1

mode de défaillance £;

A; est le taux de déefaillance de I'entité correspondant a la confrainte
spécifique;

Ng est le nombre de contraintes;

AF1ast est le facteur d’accélération du taux de défaillance de I'entité dans des
conditions d’utilisation pour produire le taux de défaillance global de I'essai
accéléere.

25 (T ) <) (8)

AFrest = jO

Si le taux de défaillance, 4,, est défini en matiere de fiabilité a un instant prédéterminé 74, R,(¢1)
dans ce cas 'accélération d’essai est la suivante:
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25 ([T |-

AF7est =

9)

Si toutes les contraintes affectent tous les modes de défaillance, les facteurs d’accélération
résultants (4F;) peuvent étre multipliés. Cela peut étre une maniére plus facile ou plus simple

de calculer le taux de défaillance total de la piéce sous la forme de son taux de défaillance de

base,

L’Equption (10), bien que largement utilisée dans 'industrie, prend pour hypothése que ¢

contrg
appliq
suite.
multip
pas a

La su
ou do

La me
contrg
peuve

5.6
5.6.1
5.6.1.

Avec
sont ¢
domni
nivea

modifie par piusieurs Comraimtes o EnviToNETTENt COMPOSEES,

Ns
A i (Contrainte) =2 x [ [4F;
i=1

inte appliquée accélére le taux de défaillance de base ‘et)que la contrainte su
uée accélére le taux de défaillance total accéléré par la contrainte précédente et ai
Cette approche simpliste peut entrainer une surestimation des effets des contr

ccélérés par toutes les contraintes.

restimation de I'accélération entraine une surestimation de la probabilité de défai
hne des essais qui sont abusivement courts ‘et inappropriés.

illeure maniére d’obtenir un calcul réaliste de I'accélération d’essai est de recherch
intes qui influencent effectivementles mémes modes de défaillance, auquel cas
nt étre multipliées.

Accélération de contraintes uniques et multiples pour des essais de type B
Méthode d’accélération de contraintes uniques
1 Généralités

cette méthode, 'accélération d’essai est réalisée avec une seule contrainte. Ces md
es modeles de contraintes au cours de la durée de vie du produit, dans lesqusg
ages par-unité de temps d’essai sont accélérés de maniere appropriée en augment

e Je

(10)

nague
vante
nsi de
hintes

les sachant que les mécanismes de défaillance sont différents et que certains ne sont

lance

er les
elles

déles
Is les
ant le

I des contraintes. Les trois relations les plus fréquemment utilisées sont les suivanges:

madole-deloida nuissanceinvarca (IP1 ) utilicAd naur PaccdlAratinn Ao 'accai 1o
moaere-ae1o+-a6 &S S =S 61855+

de des

co
co

L
TV-OToo-T op o T ooTeTatroT

Pt o

e Feg
ntraintes autres qu’une température constante sont prises en compte, comme des

ntraintes électriques, mécaniques, chimiques (corrosion);

e le modele du taux de réaction d’Arrhenius, utilisé pour des contraintes a température
constante, fondé sur I'effet de la température absolue sur un mécanisme de défaillance;

e le modele d’Eyring, utilisé dans les cas ou I'accélération est obtenue avec les niveaux de

co

ntrainte de température et d’humidité.

Quel que soit le modéle d’accélération, les données d’essai peuvent étre analysées au moyen
de modeéles d’analyse établis permettant de déterminer les paramétres caractéristiques de
durée de vie accélérée. Les facteurs d’accélération permettent de déterminer les paramétres
correspondant aux environnements d’utilisation qui sont employés si nécessaire pour obtenir
des projections de fiabilité. |l convient dans toute la mesure du possible de vérifier les modéles
d’accélération en tracant les courbes de données d’essai.
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5.6.1.2 Loi de puissance inverse

5.6.1.2.1 Généralités

La loi

de puissance inverse est applicable:

2023

e aux contraintes dynamiques telles que les chocs (tout type d’impulsions) et les vibrations

(si

nusoidales et aléatoires);

e aux contraintes climatiques telles que les cycles thermiques, les variations de température
(chocs et cycles thermiques), ’humidité, le rayonnement solaire ou toute autre contrainte
climatique a dommages cumulés.

Le maFiéle de loi de puissance inverse [7] est trés simple a comprendre et a utiliser\ g

t tres

facilement adaptable a toute distribution des défaillances. Il est possible d’utiliser des'solpitions
graphjques (ajustement optimal au jugé) et les paramétres peuvent également étre déterminés
en utilisant la méthode du maximum de vraisemblance.
Avec [la loi de puissance inverse, la caractéristique qui représente la fiabilité de I'entjté en
fonctipn du temps, telle que la durée de vie caractéristique, la durée de(vie’' moyenne, le femps
moyen avant défaillance, est représentée de la maniére suivante:
L(S)=CTxs™ (11)
ou
S est la contrainte;
est la constante (> 0) a déterminer;
m est le paramétre dépendant du comportement en contrainte, également a détermingr;
L(S) |estla durée de vie ou autre durée‘temporelle prédéterminée en fonction de la contrainte.
Le mpdele de loi de puissance-est simple lorsqu’il est exprimé ou tracé sous [forme
logarithmique: une ligne dreite "dont la pente représente la valeur du paramétre |m, et
I'intergection avec I'axe des y-est fonction de la constante C:
IN[L(S)] = =mxIn(S)-In(C) (12)
La loi|de puissance inverse est applicable a toutes les distributions couramment utilisées en
matiefe de fiabilité.
Le fagteur d’accélération d’essai est alors:
L(SUse) ¢’ *SUse STest "
ALg = P R (13)
L(STest) C  XStest Suse
ou
ALSIPL est 'accélération de la contrainte par la loi de puissance inverse;
L(Syse) est la durée de vie en fonction des contraintes en utilisation réelle;

L(Stest) est la durée de vie en fonction de la contrainte appliquée au cours de I'essai
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Dans I'Equation (13), les indices "Test" et "Use" représentent respectivement la condition
d’essai accélérée et la condition d’utilisation non accélérée.

Le paramétre C de 'accélération d’essai s’annule, mais le paramétre m doit étre déterminé pour
I’entité et le type de contrainte.

S’il n’est pas déja connu, le parametre m peut étre déterminé par des essais réalisés sur le
méme composant ou la méme entité a divers niveaux de contrainte jusqu’a défaillance
(Annexe E et Annexe F). Les données d’essai sont ensuite analysées pour déterminer la
distribution et les paramétres correspondants. Le parameétre de la distribution qui correspond a
la durée de vie est ensuite tracé en fonction de la contrainte en coordonnées bilogarithmiques,
et la pente de fa ligne droite determine la valeur du parametre m tandis que I intersection
négat|ve donne la valeur de la constante C.

Le prgcessus, qui semble simple lorsqu’il est décrit, peut devenir pénible pour des entitég plus
complexes qu’un composant unique, car I'essai peut nécessiter beaucoup de temps et ungrand
nombfe d’échantillons. Par ailleurs, [l'utilisation de facteurs d’accelération dfessai
grossl|érement estimés peut donner lieu a d’'importantes erreurs de conception des ¢ssais
accélerés.

Lorsque la courbe contrainte-durée de vie est extrapolée bien au-dela des points d’essai, la
courbp contrainte-durée de vie prévisionnelle peut correspondre/a une estimation plus prudente
de la|durée de vie sachant que la courbe contrainte-durée de vie réelle pour le mofe de
défaillance spécifique peut présenter une pente plus basse.

La loil de puissance inverse est en général applicable aux contraintes de chocs therm|ques,
électrlques et mécaniques (statiques et dynamiques) et a I'humidité.

Pour faccélérer I'essai de durée de vie d'un ‘composant avec une contrainte spécifique, il
convigént de bien comprendre et de regrouper les défaillances correspondant au méme [mode
de défaillance afin de s’assurer que les\contraintes appliquées génerent le méme mécapisme
de défaillance. Par exemple, I'essai d’accélération d’un condensateur en céramique pouf puce
électrpnique avec des électrodes ennickel, réalisé par une augmentation de la tension| peut
présenter deux mécanismes .de  défaillance différents: défaillance par claquage gt par
mouveément des lacunes d’oxygéne, qui entrainent toutes deux un court-circuit du
condgnsateur. Ces deux mécanismes peuvent apparaitre comme étant le méme moge de
défaillance, car il serait«difficile de les distinguer si les défaillances n’étaient pas analysées.
L’'un des indicateurs de )la présence de deux mécanismes de défaillance différents peyt étre
une Igi de Weibull bimédale résultante, voir IEC 61649.

Pour thacune~des distributions, les limites de confiance des paramétres et les fonctions de
durée| de vievet de fiabilité peuvent étre déterminées en utilisant des données statisfiques
appropriées; 'comme celles décrites dans I'lEC 61649. Du fait du faible effectif d’échantillpns, il

convient{d’utiliser avec précaution les limites statistiques appliquées a la courbe
contr = ourbe

contrainte-durée de vie extrapolée.

5.6.1.2.2 Avantages du modéle de loi de puissance inverse

Le principal avantage de ce modeéle réside dans sa simplicité et la facilité avec laquelle il permet
de déterminer les paramétres obtenus d’'un essai, a condition de pouvoir facilement séparer les
modes de défaillance. Il présente également I'avantage d’étre largement utilisé ce qui permet
de trouver les valeurs spécifiques des parameétres dans les ouvrages de référence pertinents.
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5.6.1.2.3 Inconvénients du modéle de loi de puissance inverse
Ce modéle présente les inconvénients suivants:

o |a simplicité du modéle peut entrainer des erreurs de correspondance avec les parameétres
relatifs a la durée de vie des différentes distributions;

e bien souvent, en raison de contraintes temporelles et économiques, il n’est pas possible de
déterminer les parametres de la loi de puissance inverse, d’ou l'utilisation des valeurs
moyennes communes qui peuvent induire en erreur;

e pour étre statistiquement défendables, les essais de défaillance exigent un grand nombre
d’échantillons a soumettre a chacune des contraintes choisies. Les composants soumis aux
c%ntramtes faibles peuvent exiger une duree d’essai plus longue et il convient qu’ils| aient

édalement un niveau de fiabilité élevé, il peut étre nécessaire de disposer d un-egffectif
d!
e il ¢gonvient de choisir avec précaution la valeur présumée du parametre m, empruntée(a une
entité apparemment similaire.

chantillons important et I’essai peut prendre beaucoup de temps;

5.6.1.3 Modéle d’Arrhenius
5.6.1.3.1 Généralités

Le mgdéle d’Arrhenius [7] est fondé sur I’expression du taux de réaction en fonction du tylpe de
compgpsant et de son mode de défaillance, ainsi que de la température absolue, 7. Ce modele
prend| pour hypothése que le taux de réaction dépendi_de maniére exponentielle [de la
tempgrature absolue.

Le tayx de réaction est exprimé comme suit:

__Ea
p(F)=Kx e kgxT

(14)

K est la constante (qui n’est pas fonction de la température);
E, [est I'énergie d’activation (eV);
kg |est la constante de Boltzman = 8,617 385 x 102 eV/K;

T est la temperature absolue (K);

p(T) lest le_taux de réaction en fonction de la température absolue.

Une qurée de vie fiable en fonction de la température peut étre exprimée comme suit:

D

L(T)=CxeTl (15)

Pour représenter I’équation ci-dessus comme une ligne droite:

|n[L(T)]:§+|n(C) (16)
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ou

T

D
In(C)

est la température absolue variable mesurée en degrés K (température absolue);

est la pente de la ligne droite (= E,/kg);

est I'intersection de la ligne droite avec I'axe Y.

Le facteur d’accélération est alors calculé pour I’environnement d’utilisation et d’essai comme
le rapport des deux taux de réaction:

Les tg
de dé

Le tad

La div

ou

——2 [pf1 1]
T BX e\ Th T
Asz( ) Kxe _ =e[BLTO T)J (17)
p(To) a
Kxe 0
ux de défaillance en fonction de la température absolue, T, peuvenb étre corrélés ap taux
faillance a une température absolue spécifiée, T, de la maniérg suivante:
__fa
AT)=Cxe kT (18)
x de défaillance, 4y, & une température spécifiée, Ty, est egale a:
__Fa
ll(To)che kBXTO (19)
ision des Equations (18) et (19) donne la relation suivante:
o)
e\ T 20
() =10 (1y)<el 00 T =

Ty et T sont les températures absolues dans I'environnement d’utilisation et d’essai,
respectivement.

La Figure 5 représente un exemple d’utilisation du modéle d’Arrhenius de détermination de la
valeur du taux de défaillance, 4y, qui, a une température de 25 °C (298 K), était de 1 x 108
défaillances/h, en fonction de la température absolue, T.
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