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parties adopting the Standard or Publication. 
 
This EIA Standard is identical (IDT) with the International Standard IEC Publication 
62506:2013: Methods for Product Accelerated Testing.   
 
This document is the EIA Standard EIA 62506 Edition 1.0: Methods for Product 
Accelerated Testing. 
 
The text, figures and tables of IEC 62506:2013 are used in this Standard with the 
consent of the IEC and the American National Standards Institute (ANSI).  The IEC 
copyrighted material has been reproduced with permission from ANSI.  The IEC 
Foreword and Introduction are not part of the requirements of this standard but are 
included for information purposes only. 
 
This Standard does not purport to address all safety problems associated with its use or 
all applicable regulatory requirements.  It is the responsibility of the user of this Standard 
to establish appropriate safety and health practices and to determine the applicability of 
regulatory limitations before its use. 
 
(From Standards Proposal No. 5372.06, formulated under the cognizance of the EIA 
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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 committees (IEC National Committees). The object of IEC is to promote 
international co-operation on all questions concerning standardization in the electrical and electronic fields. To 
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications, 
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC 
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested 
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely 
with the International Organization for Standardization (ISO) in accordance with conditions determined by 
agreement between the two organizations. 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 
consensus of opinion on the relevant subjects since each technical committee has representation from all 
interested IEC National Committees.  

3) IEC 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 ensure that the technical content of IEC 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 
misinterpretation by any end user. 

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

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 
services carried out by independent certification bodies. 

6) All users should ensure that they have the latest edition of this publication. 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 
members of its technical committees and IEC National Committees for any personal injury, property damage or 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 
Publications.  

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 
indispensable for the correct application of this publication. 

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of 
patent rights. IEC shall not be held responsible for identifying any or all such patent rights. 

International Standard IEC 62506 has been prepared by IEC technical committee 56: 
Dependability. 

The text of this standard is based on the following documents: 

FDIS Report on voting 

56/1503/FDIS 56/1513/RVD 

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

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2. 
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The committee has decided that the contents of this publication will remain unchanged until 
the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data 
related to the specific publication. At this date, the publication will be 

• reconfirmed, 

• withdrawn, 

• replaced by a revised edition, or 

• amended. 

 

IMPORTANT – The 'colour inside' logo on the cover page of this publication indicates 
that it contains colours which are considered to be useful for the correct 
understanding of its 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: 

– fixed duration,  

– sequential probability ratio,  

– reliability growth tests,  

– tests to failure, etc.  

Such tests, although very useful, are usually lengthy, especially when the product reliability 
that has to be demonstrated was high. The reduction in time-to-market periods as well as 
competitive product cost, increase the need for efficient and effective accelerated testing. 
Here, the tests are shortened through the application of increased stress levels or by 
increasing the speed of application of repetitive stresses, thus facilitating a quicker 
assessment and growth of product reliability through failure mode discovery and mitigation. 

There are two distinctly different approaches to reliability activities: 

– the first approach verifies, through analysis and testing, that there are no potential failure 
modes in the product that are likely to be activated during the expected life time of the 
product under the expected operating conditions;  

– the second approach estimates how many failures can be expected after a given time 
under the expected operating conditions.  

Accelerated testing is a method appropriate for both cases, but used quite differently. The first 
approach is associated with qualitative accelerated testing, where the goal is identification of 
potential faults that eventually might result in product field failures. The second approach is 
associated with quantitative accelerated testing where the product reliability may be estimated 
based on the results of accelerated simulation testing that can be related back to the use of 
the environment and usage profile. 

Accelerated testing can be applied to multiple levels of items containing hardware or software. 
Different types of reliability testing, such as fixed duration, sequential test-to-failure, success 
test, reliability demonstration, or reliability growth/improvement tests can be candidates for 
accelerated methods. This standard provides guidance on selected, commonly used 
accelerated test types. This standard should be used in conjunction with statistical test plan 
standards such as IEC 61123, IEC 61124, IEC 61649 and IEC 61710. 

The relative merits of various methods and their individual or combined applicability in 
evaluating a given system or item, should be reviewed by the product design team (including 
dependability engineering) prior to selection of a specific test method or a combination of 
methods. 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, complexity of analysis and other identified factors. 
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METHODS FOR PRODUCT ACCELERATED TESTING 
 
 
 

1 Scope 

This International Standard provides guidance on the application of various accelerated test 
techniques for measurement or improvement of product reliability. Identification of potential 
failure modes that could be experienced in the use of a product/item and their mitigation is 
instrumental to ensure dependability of an item.  

The object of the methods is to either identify potential design weakness or provide 
information on item dependability, or to achieve necessary reliability/availability improvement, 
all within a compressed or accelerated period of time. This standard addresses accelerated 
testing of non-repairable and repairable systems. It can be used for probability ratio 
sequential tests, fixed duration tests and reliability improvement/growth tests, where the 
measure of reliability may differ from the standard probability of failure occurrence.  

This standard also extends to present accelerated testing or production screening methods 
that would identify weakness introduced into the product by manufacturing error, which could 
compromise product dependability. 

2 Normative references 

The following documents, in whole or in part, are normatively referenced in this document and 
are indispensable for its application. For dated references, only the edition cited applies. For 
undated references, the latest edition of the referenced document (including any 
amendments) applies. 

IEC 60068 (all parts), Environmental testing 

IEC 60300-3-1:2003, Dependability management – Part 3-1: Application guide – Analysis 
techniques for dependability – Guide on methodology 

IEC 60300-3-5, Dependability management – Part 3-5: Application guide – Reliability test 
conditions and statistical test principles 

IEC 60605-2, Equipment reliability testing – Part 2: Design of test cycles 

IEC 60721 (all parts), Classification of environmental conditions 

IEC 61014:2003, Programmes for reliability growth 

IEC 61164:2004, Reliability growth – Statistical test and estimation methods 

IEC 61124:2012, Reliability testing – Compliance tests for constant failure rate and constant 
failure intensity  

IEC 61163-2, Reliability stress screening – Part 2: Electronic components 

IEC 61649:2008, Weibull analysis   

IEC 61709, Electronic components – Reliability – Reference conditions for failure rates and 
stress models for conversion 
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IEC 61710, Power law model – Goodness-of-fit tests and estimation methods 

IEC 62303, Radiation protection instrumentation – Equipment for monitoring airborne tritium   

IEC/TR 62380, Reliability data handbook – Universal model for reliability prediction of 
electronics components, PCBs and equipment 

IEC 62429, Reliability growth – Stress testing for early failures in unique complex systems  

3 Terms, definitions, symbols and abbreviations 

For the purposes of this document, the term and definitions given in IEC 60050-191:____, as 
well as the following, apply. 

NOTE Symbols for reliability, availability, maintainability and safety measures follow those of  
IEC 50060-191:1990, where available.  

3.1 Terms and definitions 

3.1.1  
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", definition 191-41-02 and "indenture level", definition 191-41-05.  

Note 4 to entry: IEC 60050-191:1990, first edition, identified the term “entity” as a synonym, which is not true for 
all applications.  

Note 5 to entry: The definition for item given in the first edition  is a description rather than a definition. This new 
definition provides meaningful substitution throughout this standard. The words of the former definition form the 
new note 1. 

[SOURCE: IEC 60050-191:—, definition 191-41-01] [1]1 

3.1.2  
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 ‘intervals’ 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: IEC 60050-191:—, definition 191-49-10] 

3.1.3  
acceleration factor 
ratio between the item failure distribution characteristics or reliability measures (e.g. failure 
intensities) of an item when it is subject to stresses in expected use and those the item 
acquires when the higher level stresses are applied for achieving a shorter test duration 

Note 1 to entry: For a test to be effectively accelerated, the acceleration factor is 1. 

————————— 
1  Figures in square brackets refer to the Bibliography. 
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Note 2 to entry: When the failure distribution Poisson is assumed with constant failure rate, then the acceleration 
factor corresponds to the ratio of time under stress in use vs. time under increased stress in test. 

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 spelled 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. 

3.1.5  
highly accelerated stress test 
HAST 
test where applied stresses are considerably increased in order to reduce duration of their 
application 

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  
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 

3.1.8  
activation energy 
Ea 
empirical factor for estimating the acceleration caused by a change in absolute temperature 

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

3.1.9  
event compression 
increasing stress repetition frequency to be considerably higher than it is in the field 

3.1.10  
time compression 
removal of exposure time at low or deemed non damaging stress levels from a test for 
purpose of acceleration 

3.1.11  
precipitation screen 
screening profile to precipitate, through failure, conversion of latent into permanent faults 

3.1.12  
detection screen 
low stress level exposure to detect intermittent faults 
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3.2 Symbols and abbreviated terms 

Symbol/ 
Abbreviation Description 

 tR  reliability as a function of time; probability of survival past the time t 

NOTE 1 IEC 60050-191:1990, definition 191-12-01 uses the general symbol  21,ttR . Time may be substituted by 

cycles, measure of distance, etc. 

 t  failure rate as a function of time 

NOTE 2 In reliability growth testing, the same symbol normally used for the instantaneous failure rate can be used 
for variable failure intensity. 

HALT highly accelerated limit test 

HASS highly accelerated stress screening test 

HAST highly accelerated stress test 

HASA highly accelerated stress audit 

(S) failure rate as a function of a stress 

UUT unit under test 

A acceleration, acceleration factor 

Atest overall acceleration in a test 

ADT accelerated degradation testing 

DSL design specification limit 

RTL reliability test level 

SL specification limit 

DL destruct limit 

LDL lower destruct limit 

UDL upper destruct limit 

OL operating limit 

UOL upper operating limit 

LOL lower operating limit 

SPRT sequential probability ratio test 

RG reliability growth 

URTL upper reliability test limit 

LRTL lower reliability test limit  

THB temperature humidity bias test 

TTF time to failure 

MTBF mean operating time between failures 

MTTF mean time to failure 

AF acceleration factor 

FIT failure to time 

CALT calibrated accelerated life testing 

ADT accelerated degradation test 

t0 start of a period of in determination of product destruct life rest 

tL duration of a predetermined time, e. g. life 

SPRT sequential probability ratio tests 
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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 in its life cause progressive damage that accumulates throughout the product life. 
This damage may or may not result in a product’s failure in the field.  

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 product’s life for the type 
of expected stress. Determination of product destruct limits, without reliability estimation, 
provides information on whether there exists a sufficient margin between those destruct limits 
and product specification limits, thus providing assurance that the product will survive its 
predetermined life period without failure related to that specific stress type. This technique 
may or may not necessarily quantify a probability of product survival for its life, just assurance 
that the necessary adjustments in product strength would help eliminate such failure in 
product 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 product would survive that 
stress type beyond the predetermined life, and this test type is quantitative.  

Figure 1 depicts the principle of cumulative damage in both qualitative and quantitative 
accelerated tests. 

In Figure 1, for simplicity, all stresses, operating limits, destruct limits, etc. are shown as 
absolute values. The specification values for an item are usually given in both extremes, 
upper and lower, thus the upper and lower (or low) specification limit, USL and LSL with the 
corresponding design limits (DSL), UDL and LDL, the upper and lower operating limits, UOL 
and LOL, and also the reliability test limits, URTL and LRTL. The rationale is that the opposite 
(negative stresses, may also cause cumulative damage probably with a differently failure 
mechanism, thus the relationship between the expected and specified limits can be illustrated 
in the same manner as for the high or positive stress. As an example, cold temperature 
extremes might produce the same or different failure modes in a product. To avoid clutter, the 
positive and the negative thermal or any other stresses are not separately shown in Figure 1, 
thus the magnitudes of stresses are either positive or negative, and thus represented as 
absolute values only as upper or lower limits. 
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Figure 1 – Probability density functions (PDF) for cumulative damage, 
degradation, and test types 

The graph in Figure 1 shows the required strength of a product regarding a stress for the 
duration of its lifetime, from beginning of life (e.g. time when the product is made), t0 through 
the end of life, tL. The strength and stresses in tests are also assumed to have a Gaussian 
distribution.  

The different types of accelerated tests can now be illustrated using Figure 1 as a conceptual 
model. 

Functional testing is carried out within the range of the requirement specification and at the 
level of the specification. In this area no failures should occur during the test; design is 
validated to allow operation within the upper and lower specification limits. Accelerated testing 
of Type B and C (4.2.3 and 4.2.4), i.e. accelerated degradation testing (ADT) or cumulative 
damage testing can be illustrated as the distance between the design specification level (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 can be 
declared as failed, if this behaviour is defined as a failure. When testing the product at time t0 
no failures should be expected for stress levels up to and including the design specification 
level (DSL). 

The product design specification should take into consideration certain degradation during the 
product’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 product 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, tL. 

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 could compromise product reliability, i.e. the weaknesses that could 
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occur in the product’s life span, as the product 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 OL or DL are close to the DSL or 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. 

Product reliability is a function of time, usually predetermined life time, tL. 

The cumulative normal distribution of the margin (difference of stress means divided by their 
common standard deviation) between the specified strength (use conditions) which is 
represented by the requirement and the reliability test level (RTL) determines product 
reliability. The test level and its duration are chosen so as to cause cumulative damage during 
testing corresponding to the degradation due to cumulative damage in the product’s life span. 
The calculated value, produces product required reliability, which is then a quantitative 
measure.  

A summary of listed tests and the mapping of their applications to the product life cycle is 
presented in Table 1. 

Table 1 – Test types mapped to the product development cycle 

 

 

 

 

 

 

 

 

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

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 use assumptions, the accelerated test methods may be divided into three groups:  

 Type A: qualitative accelerated tests: for detection of failure mode and/or phenomenon;  

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

 Type C: quantitative time and event compression tests: for prediction of failure distribution 
in normal use. 

NOTE Both B and C types of test may lead to test time reduction. Type B test should be performed based on 
particular failure mechanism, and generally it may be applied to lifetime acceleration. Type C test requires research 
of usage or specific conditions’ assumption before test . Type C test may be applied to failure rate acceleration. 
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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, i.e.. The goal of this type of test is not to 
quantify product reliability, but to induce or precipitate, during the test, the product’s overall 
performance issues which are likely to take place in the field some time during the product’s 
useful life and result in a product failure. Improvement of the product design or manufacturing 
processes is executed to preclude those failures, producing a stronger or more robust 
product, expected to be more reliable in the field even under extreme or repetitive stresses as 
outlined in the design specifications.  

Product development processes using this type of test increase product reliability through the 
mitigation of failure modes and by increasing product robustness without demonstrating 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 limits, operating limit (OL) and the destruct limit 
(DL) in Figure 1. The margin between the specification limit and the operating limit ensures 
that the weaknesses are identified in HALT and are not expected to occur as failures during 
the expected product life, tL. 

4.2.3 Type B: quantitative accelerated tests  

Type B tests use cumulative damage methods to determine product reliability projected to the 
end of the expected product life. The necessary margin between the expected cumulative 
damage and the requirement produces a reliability measure. These tests are then accelerated 
to achieve the required cumulative damage in considerably shorter time than the product’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 relationship between the 
exposure time to the specific stresses during testing and in use environment. The failure, or 
failure mode distribution, is determined from information gathered through separate 
accelerated tests. Such test information provides the basis for a functional life model and can 
be used to quantify test acceleration for various reliability calculations, as necessary and/or 
applicable. In this way, product reliability can be estimated through estimation of the reliability 
or probability of occurrence of individual failure modes for any level of expected stresses. If 
needed for data analysis using other test types (e.g. reliability growth or reliability 
demonstration tests), the determined test acceleration factor can be used to recalculate times 
to failure data from accelerated tests so as to represent times 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 (RTL). 

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 
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 product life. This margin then 
yields the measure of product reliability during the time  
tL, R(tL). 

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 product life, but in a considerably 
reduced time period.  

Copyright Electronic Components Industry Association 
Provided by IHS Markit under license with ECIA Licensee=/, User=, 

Not for Resale, No reproduction or networking permitted without license from IHS

-
-
`
,
,
`
`
`
,
,
,
,
`
`
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: ECIA EIA 62506 2017

http://www.avadocuments.com/doc/ecia-eia-62506-2017
http://www.avadocuments.com/doc/ecia-eia-62506-2017


EIA 62506  
Page 12 

 

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 this standard [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 components where wear out in 
active use is the dominating failure mode; for example switches, keyboards, relays, 
connectors or bearings. The data from these tests are often analysed using the Weibull 
distribution, and often in 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);  

 failure modes that are specific to the operating state, e.g. operating cycles for any 
mechanical and electrical cycling event;  

 failure modes specific for environments where the range of stress is broad, but there is a 
threshold defined such that stress exposures below the threshold will not contribute 
significant damage to the product. 

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 of the above accelerated test methods is further described in Clause 5. 

4.2.4.2 Time compression 

Time compression is a test acceleration that can be applied in some circumstances, where the 
tests take into consideration only the time that a product is actually operational or operating in 
a state that produces significant damage (also known as removal of “non-damaging 
exposures”). 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, e.g. non-operational or standby, etc. 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 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 
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.  
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5 Accelerated test models  

5.1 Type A, qualitative accelerated tests 

5.1.1 Highly accelerated limit tests (HALT) 

5.1.1.1 General 

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

Type A test is not only the classical HALT but also other highly accelerated test types such as 
the autoclave, thermal shock, and other quantitative accelerated tests. 

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

NOTE The acronym HALT was inadvertently spelled out in the past as highly accelerated life test. By its nature of 
being a qualitative accelerate test, however, HALT does not measure the life of an item, even though the term “life” 
is implied by ensuring that the failures in HALT would not be experienced in the life of the tested item. The test 
effectively tests the strength limits of a product/item, thus the word “limit” is appropriately used in the spelled out 
acronym. 

When reliability demonstration or reliability growth tests are accelerated, there is a need to 
demonstrate 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 reliability is to be demonstrated. The favourable 
test results for the applied margins provide information on product reliability in that 
predetermined time as expressed by strength vs. stress criteria. Demonstrated strength is 
shown through the test results, while reliability is the complement of the area common to both, 
load and strength curves, shown in Figure 2 (the area common to both curves represents the 
area where a failure occurs).  

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 necessary to increase the stress levels until failure occurs using 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 n 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 product in order to increase robustness during the product field use. This 
type of accelerated test is not intended to measure, but to increase product reliability through 
the elimination of failure modes with the lowest margin between the field stress (load) and 
product strength (Figures 2 and 3). This type of accelerated test only identifies potential 
failure modes and guides the development and improvement processes for the chosen 
stressors. It is the experience from 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 product.  

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 distribution. It is shown here as a normal distribution. The strength of the 
products 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.  
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The area common to both stress and strength distribution, measures the probability of product 
failure. The graph in Figure 2 shows the classical design margin, stress vs. strength criteria, 
but in the context shown in this clause, it does not account for the cumulative damage model; 
therefore, it is not applicable to the initial short duration test that would measure the ultimate 
strength of the product design. Also, if the extensive product quality control maintains a very 
narrow strength distribution (which may be a very expensive and time consuming measure), 
then the distributions would not overlap, meaning that the field failures for the specific failure 
mode would be unlikely.  

 

Load Strength

L

Probability
of field 
failures 

S
IEC   1380/13

 

Figure 2 – Relationship of PDFs of the product strength vs. load in use 

The manufacturing process, during production of the initial test units, is usually maintained 
under tight control, which may not be the case with the later continuous production runs. 
Figure 3 illustrates that the samples manufactured for testing are often of average strength or 
stronger, since they are often manufactured in a special prototype line with maximum 
management attention. Once the product is mass produced, the regular production items will 
be often weaker than the samples taken from the initial production. The rationale is shown in 
Figure 3. If the distribution of the first carefully produced samples were plotted as a function 
of stress, the low side of that distribution curve would fall at the place where the mean of the 
new distribution, H1 is located.  

The narrow spread of this original distribution would make if far from the distribution of the 
expected load, shown as the distribution on the left. All of the items in that production run 
would have passed the test, i.e. there would be no failures detected. But with the later mass 
production, the strength mean becomes considerably lower, so that the overlap of the stress 
and the strength distribution becomes imminent; this would lead to failure of the units of 
weaker production under the field load. This means that the test would not adequately 
discover the potential weakness of the mass produced units. If the test level is higher (the 
mean approximately at the level H3 in Figure 3), and the product strength has a distribution 
that includes the regular production, such a test would provide a sufficient margin to ensure 
that the potential failures in use of the weaker units are detected and mitigated. In the cases 
where there is inadequate margin will cause failures in the field in later production.  

This is the rationale behind the application of tests such as step-stress and HALT, to ensure 
an appropriate margin over the expected stresses in life is ensured. In this way, these tests 
can be performed on a considerably smaller number of test samples than needed for 
conventional testing. 
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Figure 3 – How uncertainty of load and strength affects the test policy 

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). If this 
failure mode is related to the stress in the product use environment, the stress levels can only 
be estimated by an engineering judgement, considering the margin between the load 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 conventional accelerated test is illustrated in Table C.1. 

With the weakest link 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 
observed or until the technological limits of the tested system are reached.  

HALT is designed to far exceed the product 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 product as much as it is economically and 
technically feasible. HALT identifies failure modes, but not their time dependency. 

The UUT has to be functionally monitored during the test in order to detect the loss of its 
functions. If continuous monitoring is not possible, the product 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 program is 
on product improvement activities and organizational response to failures. The product 
improvement should be continued to the point of a cost-effective rugged product where no 
part of the design is significantly weaker than the rest of the product. The goal is to keep 
improving the product to the level justified by the business case and utilization of cost-
effective technology. 

The operating and destruct limits for the product 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). 
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Figure 4 – PDFs of operating and destruct limits as a function of applied stress 

Figure 4 is an example where both limits of the stress affect an item. This example could be 
the thermal stress where both, high and low temperature, affect the performance of the 
product. These effects may not be symmetrical, as the limits for high and low temperature 
may be at a different distance from the nominal design stress. Even though these tests are 
performed on early prototypes they can provide information on design related failure modes. 
As shown in Figure 4, all of these limits can vary as indicated by the distributions. These 
distributions may have different standard deviations, and to determine HALT is to give an 
indication of the margins that allows the final product to accommodate these variations 
without failures in the field. 

Even though Figure 4 depicts the temperature stress, other stresses may also be successfully 
applied in a HALT. In the case of other stress types, lower limits may not exist as for example 
is the case for mechanical stresses, but they may exist with other stresses such as electrical 
stress and humidity. 

5.1.1.3 Stress types and application 

The primary or typically applied stresses in HALT are as follows: 

 temperature; 

 thermal cycling; 

 vibration/shock; 

 voltage; 

 combination of vibration/shock and thermal cycling. 

Other product-specific stresses can also be applied such as clock frequency for the 
microprocessor, voltage or power variations, contaminants or solvents, etc. or a combination 
of these. 

Verification of margins and product improvements made in response to HALT serve to 
increase the probability that the product will be robust and reliable in the field.  

Copyright Electronic Components Industry Association 
Provided by IHS Markit under license with ECIA Licensee=/, User=, 

Not for Resale, No reproduction or networking permitted without license from IHS

-
-
`
,
,
`
`
`
,
,
,
,
`
`
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: ECIA EIA 62506 2017

http://www.avadocuments.com/doc/ecia-eia-62506-2017
http://www.avadocuments.com/doc/ecia-eia-62506-2017


EIA 62506 
Page 17 

 

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: 

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

 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 
where the physical or chemical characteristics might change.  

It is normal to expect that there are some fragile elements in the UUT that are not designed 
for the stress levels normally applied in HALT. Those fragile elements should if possible be 
protected during HALT or disregarded in the test data evaluation. Fragile elements may be 
protected 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 vibration and shock or even by 
moving them outside the HALT test chamber and extending their connections to the rest of the 
UUT. 

Each failure observed during the HALT should be investigated and root cause failure analysis 
should be performed. If the identified failure mode is likely to occur in the field where the 
stress level is expected to be considerably lower than HALT, a corrective action should be 
proposed and implemented in accordance with engineering as well as management decisions.  

5.1.2 Highly accelerated stress test (HAST) 

This type of testing may be considered to be a cross between the qualitative, Type A, and 
Quantitative, Type B, tests. This test type is very popular in the electronic components 
industry where it is widely used as a more efficient (shorter) alternative to the much longer 
temperature humidity bias test (THB), i.e. a pressure cooker test, which has a duration of 
1 000 h. The stresses in these tests consist usually of temperature and humidity where 
corrosion of vias (metal conductors) in dies and thin film resistors may occur. The components 
are normally voltage biased during the test. Even though these tests do not yield numerical 
reliability estimates, they are used as effective re-qualification tests to provide certainty that 
reliability of the components is not compromised by any changes introduced in the 
components, see JESD22-A110 [23]. The duration of HAST in the electronic component 
industry is usually about 100 h, and the stress levels for temperature and humidity are usually 
130 °C and 85 % RH, respectively. 

5.1.3 Highly accelerated stress screening/audit (HASS/HASA) 

5.1.3.1 Principle and extent of HASS/HASA 

HASS and HASA are not classified as tests. Yet, both are included in this standard because 
they apply accelerated stress for defect detection/screening. HASS tests are 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 significantly reduce 
product life in the field. These levels are determined based on the finding from the HALT 
program. 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 product. 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. 

The stress levels in the HASS/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 some operational abnormalities may not be 
discovered in the post test operational checks. Further, it is not known when during the 
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precipitation screening the possibly intermittent functional failure may be detected. The 
precipitation screen may combine several different stress types and stress levels. As with 
HALT, intermittent failures can be verified by using a detection screen (see Clause A.1, Step 
4). Constant monitoring should provide functional coverage that is as complete as possible. 
Coverage and effectiveness of the monitoring should be optimized prior to beginning of the 
screen development process. The monitoring process should facilitate root cause analysis.  

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

HASS is ideally suited to pilot production or production ramp-up, i.e. when production rate is 
slow and 100 % screening may easily be accomplished. HASS may continue during normal 
production for very critical products that are manufactured in small volumes.  

HASA is a process monitoring tool where a sample from a production lot is exposed to the 
precipitation screen to detect possible defects. HASA is often performed before the production 
lot is released. HASA often supplants HASS when the manufacturing process reaches its 
maturity. HASA is further reduced and even eliminated when the effectiveness of production 
controls is established. 

5.1.3.2 Selection of stresses and their magnitudes 

Stresses should be selected so as not to compromise functionality, material properties, or the 
life of non defective hardware. The initial levels are determined from information gained 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 r.m.s. (19,62 m/s2). Before the 
precipitation screen is used for HASS/HASA it should be verified that the precipitation screen 
does not significantly reduce the product life in the field. This can be tested, for example, by 
exposing one sample to the precipitation screen 10 times.  

5.1.4 Engineering aspects of HALT and HASS 

5.1.4.1 Advantages of HALT and HASS  

The advantages of HALT and HASS are as follows: 

 verified and selectively increased design margins for reliability improvement; 

 sample size for determination of a specific failure mode is small; 

 quick determination of dominant failure modes for specific stressors and easily combined 
stresses (the duration of the test is typically 3 days); 

 efficient trade-off analysis information and determination of necessary corrective actions; 

 quick verification of corrective actions 

 efficient short-term production screening; 

 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 use; 

b) potential for over-improvement of design margin (over-design); 

c) resultant reliability not known; 
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d) no statistical confidence in the test result (over- or under-estimation of the design 
margins); 

e) testing does not address all interactive effects of multiple failure modes;  

f) impractical for large products, small products and products with diverse fragility; 

g) limited number of stress types (primarily temperature, vibration, shock and thermal 
cycling); 

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 Type 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 
reliability, e.g. failure rate, probability of failure or survival, or time to failure (TTF). Often 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 systems and 
components. For this, Weibull analysis is very useful (see IEC 61649).  

5.2.2 Physical basis for the quantitative accelerated Type B test methods 

5.2.2.1 General 

The goal in accelerated testing is to measure the reliability and verify acceptable reliability 
performance of the product 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). 

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 product or system. 
This can also be achieved through failure mode analysis of the designed product associated 
with the intended product usage profile, e.g. using a FMEA (see IEC 60812 [2]). 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 
product 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 (AF or A), 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 some reasonable degree of confidence. The acceleration factor depends on hardware 
parameters (e.g. material properties, product 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. In some 
cases the result is kept qualitative. With this approach, each of the failure modes has its own 
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failure distribution and failure rate. In other cases, the result is combined to an estimated 
reliability for the whole product.  

When planning a test the potential failure modes in the item should be listed. The test is then 
planned with stress levels and durations so that the failure modes should be observed in the 
test if they are present in the product. For this planning, empirical factors from previous 
products, from the component suppliers or from literature, can be used to estimate the 
acceleration factor 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 setup where the empirical factors can be estimated from the test itself. See Annexes F 
and G. 

Type B tests can be run by Increasing the level of a variety of loads such as thermal loads 
(e.g. temperature, 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 
transient voltage, current, power), and mechanical loads (e.g., quasi-static cyclic mechanical 
deformations, vibration, and shock/impulse/impact). The accelerated test environment may 
include a combination of these loads. Interpretation of results for combined loads and 
extrapolation of the results to the life-cycle conditions requires a quantitative understanding 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 
product: 

 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 product reliability; 

 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  

 a risk that the stress acceleration may exceed the physical properties of product materials 
and cause unforeseen damage; 

 a risk that the acceleration of combined stresses may cause additional unforeseen 
damage to the product that would not have happened in actual use; 

 the base line for acceleration testing is not a single stress but is generally a multiple stress 
that varies with user and location. This needs to be taken into consideration when 
quantifying the results; 

5.2.3 Type C tests, time (C1) and event (C2) compression 

5.2.3.1 Type C1 tests  

5.2.3.1.1 General 

Time compression is achieved by eliminating “OFF-time” (e.g. non-operating time) by 
compressing the duty cycle through addressing just the ON time. Furthermore, when products 
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 program. This is particularly true for mechanical fatigue and is 
often applied in accelerated structural fatigue testing (see IEC 60605-2). 
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An example of duty cycle compression is when the test duration is 24 h per day, whereas the 
product in its actual use environment, operates for only 8 h per day. This results in a time 
compression factor of 3. Each day of test time is equal to 3 days of actual use time.  

5.2.3.1.2 Advantages of time compressed tests 

Products with a minimal or short operating use time compared with calendar time can be 
tested within a very reasonable test time relative to its required life (e.g. office equipment, 
cars, harvesting machinery, etc.). For example, a snow plough is used only in one season, 
once a year, and only 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 as vibration, stress in the motor, wear out of blades, etc. For the rest 
of the year, 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 is used four times a month for 
three months, for duration of 2 h, can be tested for required usage duration of 240 h. 
Therefore, a test of approximately 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 could even be more 
damaging to the product, since they are a result of stresses that are perhaps considerably 
lower than those when the product is in use, but are applied for considerably longer time to 
produce the same or greater 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 30 000 h per year, causing corrosion. Testing only under operational conditions 
would disregard the influence of non-operating environments. 

For products 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, e.g. corrosion tests, humidity tests etc. In some cases the 
product 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 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 influence of applied vibrations on 
the product structure. 

5.2.3.2 Type C2 tests 

5.2.3.2.1 General 

The event compression tests apply repetitions of events with considerably higher rates than 
those applied in actual product use. As an example, the ON/OFF cycling of the above-
mentioned unit (the snow plough) can be compressed to a test of several h, by applying the 
ON/OFF cycling repeatedly. Therefore, the 120 required ON/OFF cycles in the 10-year life 
with a sufficient margin to demonstrate reliability would be a very short test. 
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Type C2 tests can be combined with the time compression tests for further test acceleration. 
This may result in a very short test with “high reliability” demonstration, however, several 
important precautions shall be taken when carrying out this combined acceleration. For 
example, the rapid application of repetitious stresses may influence test results by varying 
cumulative damage.  

The event compression tests may also be combined with the stress acceleration tests to 
further shorten the test time. Caution should be exercised when preparing such tests, as the 
time compression may 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 precipitation of failures. Also, this type of acceleration may neglect the 
failures due to non-use, such as material deterioration. 

5.2.3.2.2 Advantages of the type C2 test 

The advantage of the Type C2 test is that in a short time, by speeding up the stress repetition, 
the cumulative damage can be reproduced within a much shorter time than in regular use.  

5.2.3.2.3 Disadvantages of the type C2 test 

This type of testing may 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 may produce heat that would further precipitate a failure that would normally be 
delayed by periods of cooling. Another example could 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 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 HAL(t) is the cumulative hazard function for accelerated life, HPH(t) is the 
cumulative hazard function for the proportional hazard model, AF is an acceleration factor due 
to some sort of stimulus and (t/)is the unmodified cumulative hazard for a Weibull 
distribution (t = time, = characteristic life and = shape parameter). 

  


 






 


tAF
tH AL  (1) 

  


 









t
AFtH PH  (2) 

In HAL(t), there is a linear relation between time and the acceleration factor. In HPH(t), the 
hazard function itself is being modified. By rearranging the equation for HPH(t), it can be seen 
that there is a non-linear relation between time and acceleration factor. The difference 
between these two types of accelerated tests is that HAL(t), requires knowledge only of the 
ratio of the actual test time to calendar time (non-accelerated time) caused by the applied 
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