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nternational Electrotechnical Commission (IEC) is a worldwide organization for standardization,co
tional electrotechnical committees (IEC National Committees). The object of IEC is to promote’inte
eration on all questions concerning standardization in the electrical and electronic fields. To this
Hition to other activities, IEC publishes International Standards, Technical Specifications; Fechnical
cly Available Specifications (PAS) and Guides (hereafter referred to as "IEC\Publication(s)
hration is entrusted to technical committees; any IEC National Committee interested in the subject d
barticipate in this preparatory work. International, governmental and non-goveramental organization
he IEC also participate in this preparation. IEC collaborates closely with the\nternational Organiz
Hardization (ISO) in accordance with conditions determined by agreement between the two organiz

ormal decisions or agreements of IEC on technical matters express, as nhearly as possible, an inte
bnsus of opinion on the relevant subjects since each technical ,committee has representation
bsted IEC National Committees.

Publications have the form of recommendations for international use and are accepted by IEC
mittees in that sense. While all reasonable efforts are made)to ensure that the technical conten
cations is accurate, IEC cannot be held responsible for the way in which they are used or
terpretation by any end user.

parently to the maximum extent possible in their national and regional publications. Any divergence
EC Publication and the corresponding national erregional publication shall be clearly indicated in t

tself does not provide any attestation of cenformity. Independent certification bodies provide cqg
ssment services and, in some areas, aceess to IEC marks of conformity. IEC is not responsiblg
Ces carried out by independent certification bodies.

ers should ensure that they have the.atest edition of this publication.

bbility shall attach to IEC or its directors, employees, servants or agents including individual exp
bers of its technical committées-and IEC National Committees for any personal injury, property d3
damage of any nature whatSoever, whether direct or indirect, or for costs (including legal f4
hses arising out of the\publication, use of, or reliance upon, this IEC Publication or any o
cations.

tion is drawn to theyNormative references cited in this publication. Use of the referenced public]
bensable for thecarrect application of this publication.

Hraws attention® to the possibility that the implementation of this document may involve the ug
t(s). IEC(takes no position concerning the evidence, validity or applicability of any claimed patent
ct thereof,As of the date of publication of this document, IEC had not received notice of (a) patent(
be required to implement this document. However, implementers are cautioned that this may not r
hteSt information, which may be obtained from the patent database available at https://patents.ieg
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not'be held responsible for identifying any or all such patent rights.

IEC TR 62500 has been prepared by IEC technical committee 107: Process management for
avionics. It is a Technical Report.

The text of this Technical Report is based on the following documents:

Draft Report on voting

107/411/DTR 107/415/RVDTR

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 Technical Report is English.
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
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 committee 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 to the
specific document. At this date, the document will be

e reconfirmed,

e withdrawn, or

e rev|sed.

IMPORTANT - The "colour inside" logo on the cover page of this document 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 accolour printef.
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INTRODUCTION

In an increasingly harsh economic context (higher performance requirements, shorter
development cycles, reduced cost of ownership, etc.), consideration is given to rapid equipment
maturity, preferably from its entry into service (EIS).

Itis with a view to remedying shortcomings that "highly severe stress" tests for margins research
and robustness improvement are considered in equipment design and development methods.
The main underlying principle behind this type of test strategy is as follows: rather than
reasoning in terms of conformity with a specification and applying tests in line with the
specification requirements, it is on the contrary attempted to push the equipment to its operating

annlyina anviranmaantal otraccnc Ay cotimanl whaca loavale ara hicahaor +|r\f)n the
Crv ot ertar—ott St re—rrgreT—t

limits py—apphrrg—env e55e5——5 Hi-—whese—levels—a
specifi¢ation requirements.
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This dgcument can be used in copjunction with IEC 62429, IEC 62506, or both, with re
dependability aspects related tosequipment consisting of hardware with embedded softy

NOTE 3
prEN 92

For thg purpase of this document, if the term "deficiency"” is used alone afterwards, it is
as “bullt in def|0|ency "weak point" and encompasses the concept of "deficien
associatedpotenttatmatfunctionor-faiture*(see-3-11)-

the
deci

the justification ofipetential future changes made at equipment definition, for example when processing

elec]

me managers, electronic equipment project managers, designers, test manage
ability team.

| to the original equipment manufacturers (OEMs) in charge of designing, develop

Highly severe stress tests approach is often an industrial will in a, global lifecycle cost effective 4§
Introduction) and it is not required at certification level. Moreoyer, customers can potentially d
clauses, in-service availability requirements, for example, fromi the entry into service (EIS) or in op

jghly severe stress tests approach is part 6f the avionics equipment desi
bment stage, and it can address stressesiin mechanical, climatic, electric
S.

The principles and objectives described inthis document can apply to all types of equipment
developed in avionics programmes, whatever their nature (electronic, electromechanical, me
draulic, electro-pneumatic, etc.) and whatever their size, from "low-level" subassemblies (cir
es (CCAs), mechanical assemblies, connectors, etc.) up to system level groups of equipment.

This document can provide an aid in an equipment definition justification process (see CEN-C
5) which can address!

levelopment of a définition justification dossier (DJD) by bringing data related to equipment margin
sions; or

ronic compenent obsolescence.

ng equipment built for these programmes, for obtaining early equipment maturity.
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Although developed for the avionics industry, this document can be used by other industrial
sectors at their discretion.

2 Normative references

There are no normative references in this document.
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rms, definitions and abbreviated terms

3.1 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminology databases for use in standardization at the following

addres

Ses:

e |EC Electropedia: available at https://www.electropedia.org/

e |SO Online browsing platform: available at https://www.iso.org/obp

3.1.1

fault, flaw, imperfection, shortcoming or abnormality, often called weak point, dn the de
manufacturing processes of an item, which can potentially lead to a\malfuncti¢n or a

in the
failure

Note 1 t

constitute risks and be, for example, at the origin of equipment built-in deficiencies. These built-in deficier
usually donsidered as weak points.

Note 2 t

Note 3 t

and manjifests itself in operating time or certain conditions.

3.1.2
destru

point from which an item breaks and suffers*permanent and irreversible damage

Note 1t

the permlanent and irreversible damage is«in_excess of the one characterizing the operating limit of an item.
no longef functions, even the stress levellis reduced and returned to below the one characterizing the operaf

3.1.3

highly
testdu
conditi

up to the operating-limit of the equipment

3.1.4
interm

built-in deficiency

and cause the item not to operate or function correctly

b entry: Deviation from state-of-the-art design rules or inaccurate manufacturing process cor

entry: A built-in deficiency is usually latent (present or potential but not obvious or not explicit or

ct limit

entry: The destruct limit is above (beyond) the operating limit. The stress level leading to the des

severe stress test

ring which the equipment or some of its parts are submitted to environmental or op
bn or stressthat is increased progressively to values far in excess of the specified

tent

sign or

trol can
cies are

b entry: The correction of a built-in deficiency goes in the direction of improving operating margin and
robustngss of an item, and so in the direction of improving its early maturity.

lormant)

ruct and
The item
ing limit.

erating
values,

occasionar or irregutar

Note 1 to entry: An intermittent malfunction or failure occurs occasionally or at irregular intervals.

Note 2 to entry: Intermittent malfunction or failure can occur at stress level in excess of the specified opera
of an item where the item functions with nominal load. The purpose of highly severe stress tests approach is to
precipitate the potential built-in deficiencies (at design or manufacturing processes level for example) into intermittent
or permanent malfunctions or failures to investigate them and seek corrective actions.

Note 3 to entry: Intermittent malfunction or failure origin can sometimes be detected by applying an a

specific

low stress level (vibrations for example) during a function test.

ting limit

dditional
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3.1.5
intrins

ic limit

point below which an item, a material or a technology keeps its intrinsic properties or
characteristics, with respect to given condition(s) (for example, temperature, vibration, electrical
voltage, etc.)

Note 1 to entry:

yield strength of an alloy, etc., are intrinsic properties or characteristics of these materials or technologies.

Note 2 to entry: This limit, whether or not destructive, is an absolute barrier.

For example, melting temperature of a plastic, maximum junction temperature of a semiconductor,

3.1.6

maturity

state of an item whose functional and operational performance can be considered sigbilized
with regpect to the specification

Note 1 t¢ entry: Maturity is usually the result of a gradual process of eliminating built-in deficiencies still pfesent at
the item|level and its associated processes (manufacturing processes for example).

3.1.7

operatjng limit

point gt the boundary of the operation area of an item where jt still operates or fupctions
correctly and beyond which it no longer operates or functions cofreetly

Note 1 t@ entry: The operating limit defines the maximum range of correctloperation area of an item, and it if usually
charactefrized by stress level above which the item no longer operates_orfunctions correctly. Usually, for determining

this stre
function

s level, the stress level at which the item no longer operates.or functions correctly is reduced to ve
of the item resumes; if the functionality resumes at the reduced stress level, then this stre

ify if the
ss level

is is the

stress

le, the
cesses

le at the

characterizes the operating limit.

Note 2 tp entry: The operating limit can correspond to the,intrinsic limit of a technology. In this case, th
maximurp range of operation which can be reached by the ‘equipment.

3.1.8

operatjng margin

differemce between the operating limif)and the nominal operating level under specified
levels

3.1.9

robustness

properly of an item having reduced sensitivity of its performance under, for examp
environpmental conditions, to components variations, or to drifts in its manufacturing pro
Note 1 t¢ entry: RobuUstness is usually the result of actions taken to obtain sufficient operating margins wh
same tinje reducing all forms of variability.

3.2 Abbreviated terms

CCA circuit card-assembly

CDR critical design review

EIS entry into service

EMC electromagnetic compatibility

ESD electrostatic discharge

ESS environmental stress screening

LCD liquid crystal display

MTBF mean operating time between failures

OEM original equipment manufacturer

PCB printed circuit board

PDR preliminary design review
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rapid temperature variation
time to market

4 Highly severe stress tests for margins research and robustness

4.1

im

provement — Approach

General

With regard to the initiative for obtaining early equipment maturity, the approach based on highly
severe stress tests for operating margins research and robustness improvement consists in
submitting an equipment or some of its component parts to environmental or operating stresses,

or botl,—which are gradually raised to values in excess ol the speC|I|ed values u

equipm

Insteag
equipm
indeed
equipm

det
bef

rev
def

exp
act

Equip
approa

NOTE
to the sq

limited t
or applig

Usually

and is formalized with its general objectives and principles in quality system procedures ¢
specifi¢

suppor

Annex
approa

4.2

ch.

ent operating or destruct limits are reached.

ent real lifecycle or mission profile), the highly severe stress tests.approach
on the contrary with a view to obtaining robust and mature equipment, to pu
ent to its operating limits or potentially to its destruct limits in order'to:

ect potential intermittent or permanent malfunctions or faijures that were not fg
bre the tests;

pal, identify and then, depending on margins targets if defined, correct
ciencies which can lead to intermittent or permanent malfunctions or failures; an

lore available margins and improve, if needed}/these margins through appn

ent operating margin targets are often defined to orientate the highly severe
h.

For example, if not specified by the customgr, an operating margin target of 5 °C can be defined wit
ecified low operating temperature, Top-low‘ of an equipment; so, in this case, the highest level of

Top_low-5 °C. The equipment operating margin target can also be defined according to the industri

ation domain or by experience feedback.

, the highly severe stress’tests activity is part of a global lifecycle cost effective ap

summary documents, allowing effective coordination and OEM executive ¢
.

A, FiguretA=1, provides a typical flowchart related to the highly severe stres

ons, for example, on the equipment design itself or the manufacturing processes.

htil the

of reasoning in terms of conformity with the specification (which is representativ¢ of the

aims,
sh the

reseen

built-in
d

opriate

stress

h regard
stress is

Al usage

proach
r other
fficers'

5 tests

Dbjectives

The main objectives of the approach include:

a)

b)

achieving, in a relatively short time, an early equipment maturity by improving its robustness
toward the specification;

taking, from the first prototypes, full advantage of technologies and manufacturing
processes, by:

eliminating, for example, design and manufacturing processes built-in deficiencies;

researching operational limits or destruct limits in operating and environ
conditions more severe than the specified ones;

considering operational margins allowing to:

mental

o satisfy, for example, potential technologies or manufacturing processes variations
(which can lead later to potential malfunctions, failures or specification non-

conformities);
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e establish design provisions for potential future specific changes, for example, to
facilitate (if possible) minor specification evolution or management of electronic
component obsolescence with potential alternatives, in particular, with regard to
future equipment maintenance management;

c) contributing potentially to the lifetime of the equipment in service through its conditions of
use;

d) contributing to specify optimal or more accurate environmental stress screening profiles;

e) red

ucing the global costs of ownership (see Clause 11).

NOTE These objectives rely, as mentioned in 4.1, on:

e detection of built-in deficiencies as early as possible (so that they can be more easily corrected without excessive
cosf), as these deficiencies can be present, for example, in design errors or imprecise controlp of the

manjufacturing processes;

o expl

pration of the operating limits once built-in deficiencies have been eliminated or corrected;these limits can

be gushed back through design changes, for example, when the margins with regard to the specified qperating

rande appear insufficient or inadequate.

4.3

A highly severe stress test can be characterized as follows:

e Ah
the

Considerations

ghly severe stress test is a proactive type of test: it is capsidered as a "tool" to $upport
design and development of the equipment, and ‘ifts manufacturing processes

implementation. It usually leads to engineering activities aimed at understanding the

pot
whi
fea
del

ential observed malfunctions or failures mechanisms and the built-in deficiencies|origins
ch caused them, in order to consider then the corrections technically and economically
5ible; these corrections enable to eliminate of:correct built-in deficiencies, or at least to
by significantly their manifestation with régard to the margins which are consgidered

acgeptable. The highly severe stress testZis "proactive" in that it encourages these
endineering actions at the earliest stage innequipment development.

e Ah

ghly severe stress test is not a conformity test: through the desire to explore the margins

and expand them if necessary, the -highly severe stress test looks above all to revgal the
equdipment built-in deficiencies and)their associated malfunctions or failures when working
beylond the specifications. It isyltherefore, the opposite of a conformity test, which aims to
endure that the equipment performance is correct when it is subjected to the specified

opgrating and environmental conditions.

e Ah
the

ighly severe stress.iest is not confused with a "conventional" accelerated lifetime test:
purpose of an accelerated lifetime test is in fact to predict the evolution of the behaviour

of an equipment in_its operational conditions of use, by subjecting it to stresses that are

har

sher than the\values expected during its lifetime profile. To do this, the "conventiona

accelerated-lifetime test relies on analytical equipment failure mode acceleration models,

whi

e Ah
tes

ch is not-the case with the highly severe stress test.

ghly-severe stress test does not produce reliability measures: as the highly severg stress
works outside the specified domains, the analytical acceleration models can nollonger

apply to the domains explored. Furthermore, it is very hard to involve the "time" factor given

the

very short duration of the test. The result is that as things currently stand, the highly

severe stress test cannot be used to estimate equipment reliability or lifetime characteristics
in the specified conditions of use.

4.4 General principles

As a "t

ool", the highly severe stress tests aim — through application of stresses going beyond

the specification or simply not specified — to stimulate potential built-in deficiencies in the
equipment design and in its manufacturing processes. Revealing these deficiencies, and the
associated operational malfunctions or failures, is thus an opportunity to improve the equipment
or processes more quickly than with a traditional approach, leading to an expansion of the

operati

ng margins and contributing to greater maturity.
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It is understood that in a highly severe stress tests approach, the stresses are applied to actively
stimulate the potential weak points of the equipment and its processes and are not, therefore,
designed to simulate the conditions of use of the equipment during its lifetime or mission profile.
These stresses are applied either alone or sometimes combined, exceeding the values
expected during the lifetime of the equipment, until reaching the equipment operating limit and
potentially the equipment destruct limit, or the intrinsic limit set by the technologies. This implies
gradually eliminating the various barriers preventing this limit from being reached and which
are due to the existence of any built-in deficiencies still present. An essential goal of the highly
severe stress tests is precisely to reveal the existence of these deficiencies, to eliminate or
correct them and to restore operating margins if needed.

NOTE 1 Some stresses can be chosen according to potential weak points which are identified initially.

Among| the reasons which justify the desire to correct built-in deficiencies, the following|can be
mentioped:

o the|experience gained by OEMs which use highly severe stress testsshows thgt most
proplems detected during these tests would appear and be detected in-the field if thie built-
in deficiencies revealed by these tests are not eliminated or corrected;

o experience shows that built-in deficiencies can often be located<and can be eliminated or
corfected or attenuated both easily and economically (for example: inadequate footprint of
an |electronic component package leading to poor solder {oints, inadequately tightened
screw, electronic components mounted on vibrating paris“of a CCA, CCA inadeguately
fasfened in an equipment subject to vibrations, etc.).

Becauge of its damaging nature, the principle of the highly severe stress test is often|thus a
cultural] change in relation to the traditional appreach whose main aim is to ensyre the
conformity of equipment performance within the¢spécified conditions. As shown typigally in
Figure |1, the accelerated stress test aim is no longer to show that the equipment is in
conformity, but to prove that exploration has:been conducted beyond the specified frontier in
order tp clean the equipment of built-in deficiencies limiting its potential robustness, potentially
going yp to the intrinsic limit set by the te¢hnologies.

NOTE 2| Performing a highly severe stress test does not lead to over-sizing or over-design. The ultimate|purpose
of the adcelerated stress test is to track_ dewn and eliminate built-in deficiencies, which by principle are, for ¢xample,
the result of non-compliance with, or\ignorance of, the state-of-the-art rules or good practices (in degign and
manufacfure). These actions are, therefore, dedicated to eliminating built-in deficiencies, contributing to ifhproving
the operpting margins and obtaining.higher robustness. Generally speaking, one does not attempt to push pack the
fundamental limits of the technalogies, components or materials, which would call into question the degign and
development choices, entailing jprobably significant additional investment and time.

NOTE 3| An important aim.of a highly severe stress test is to eliminate the weakest links in the product, making all
parts eqpally strong o robust in relation to the environmental loads and satisfying the operating margins tafget, To
avoid overdesign the'aim is not to make the whole product as strong as possible since that would most likely fncrease
costs and weight.for example but each malfunction or failure observed is carefully investigated and evaluated to
determine if it.ean occur in the field; the reason is that the highly severe stresses can activate malfunctions ¢r failure
modes ahd the_aim is that they do not occur in the field.
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Example of the limitations of highly severe stress tests

Despitqz

its.efficiency and speed, the highly severe stress tests method has, neverthelesg

oach

, some

limitations which can, In ceriain cases, require to consider 1Irst specific iesting or specific
checking of equipment components.

In practice, and independently of the parameters that highly severe stress tests do not address
by their very nature (such as electrostatic discharges (ESDs), sealing, etc.), they provide
relatively few information about the robustness of equipment that can change over time as a
result of internal physical-chemical reactions for example.
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The issue of electro-migration in ceramic capacitors is considered as an example of such a
limitation:

o This effect causes, ultimately, capacitors to fail as a result of short-circuiting, which can
take two weeks or two years to occur, depending on their design, their manufacturing
process and the environmental conditions under which they are used.

o Highly severe stress tests of a new manufactured equipment cannot always reveal this type
of fault, because at the time of testing, the ceramic capacitor complies fully with its
specification and these tests only marginally accelerate the latent electromigration effect.

e In this example, at in-coming stage, integrity check of the supplied capacitors can
considerably reduce the risk involved. Such check usually involves specific humidity and
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roduce with tests at the finished equipment level.

basis of this example, OEMs' feedback and experience enable the OEMs

authority, or the program or project manager for example, to decide whetherthe highly

stress
produc
additio

ests defined in the design and development phase, or the screening tests define
fion processes, are sufficient. If not, OEMs can design, evaluate and imp
nal filters to achieve the desired degree of robustness.

5 Industrial domains covered by highly severe stress.tests

The hig
equipm
providg
respec

In som
equipm

The eq
contind

6 Hi

6.1

To ens
lifecycl
possib
probler

hly severe stress tests can apply, beyond avionics,40 all industrial sectors and to
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The highly severe stress tests approach therefore entails availability of equipment for the tests
(prototypes for example) (see 6.2).

6.2 Design and development

The highly severe stress tests are an essential activity of the design and development stage in
view of early equipment maturity from the EIS.

These tests are usually implemented on equipment which is operationally representative of the
final equipment. This includes at least:

e very close definition and configuration of the final equipment;

e production processes closely representative of the series production ones.
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Highly severe stress tests are usually considered as a supplement to the equipment validation
and verification processes for addressing the equipment robustness improvement and margins
identification.

NOTE 1 The objectives of the validation and verification processes, as well as associated activities are indeed to
ensure that the requirements identified in the technical specifications are correctly implemented and satisfied in the
design, meeting the needs of the customer. This is also to ensure that the manufactured equipment comply with the
technical specifications.

NOTE 2 Sometimes, according to the technical innovation or complexity, at risk or critical functions, sub-assemblies

or assemblies can be prototyped; specific highly severe tests can be applied to anticipate the final design, allowing
very early to highlight potential weaknesses or to validate technical or technological choices or processes.

6.3 ification

The repults of the highly severe stress tests contribute usually to the decision-malJing for
determjning whether the equipment is able to undergo qualification.

6.4 Production

The repults of the highly severe stress tests can be an input for defining the profileg to be
applied in the environmental stress screening or burn-in program n ‘production (IEC 62506,
IEC 61[163-1 and IEC 61163-2 can also provide information).

During|the production stage, periodic highly severe stress Aests can also be considdred on
samplgs in order to assess or check variability of manufacturing processes, procured parts,
etc., apd to make potential adjustments. In this case§ a risk analysis is usually performed
previoysly as a trigger to determine the need of a periodic highly severe stress tests campaign
during fhis stage.

6.5 Dperation and maintenance
In the gperation and maintenance stage, highly severe stress tests can be used for example to:

e investigate, confirm or reveal potential drifts at components or manufacturing processes
level, etc.;

e validate change in suppliefs,etc., in addition to usual activities to demonstrate compliance
(forlexample, alternative PCB manufacturer demonstration process); and

e validate minor designyevolution due to potential functional specification change, pr to a
manpagement of electronic components obsolescence (for example, consideratior] of an
altgrnative source, with potentially electrical or physical characteristics slightly differgnt), in
addition to usGal*activities to demonstrate compliance (for example, equivalent or alternative
components demonstration process).

7 P

?nning and management of highly severe stress tests

7.1 General

The highly severe stress tests constitute:

e a major activity in the equipment design and development stage (see Clause 6), in the same
way as the qualification tests;

e an activity involving many equipment programme representatives (from design,
industrialization, production) whose work is usually managed by a coordinator, guaranteeing
correct progress of the tests and their successful completion; and

e ademanding activity in terms of test means and tools, human resources, equipment, etc.
In this respect, and in the same way as the qualification tests, this activity is considered and

planned in the upstream phases of the equipment design and development project or
programme, and is then closely monitored.
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NOTE Ensuring the availability of a significant number of equipment samples for the highly severe stress test early
in the project or programme is an important task.

Setting up a managed highly severe stress tests approach allows to deal with the risk of late
equipment maturity and lack of equipment robustness.

7.2 Planning of highly severe stress tests and budget consideration

At the equipment project or programme level, the highly severe stress tests are taken into
account by establishing a highly severe stress tests plan dedicated to the equipment maturity
perspective (see 8.4).

The b d; the
information identified in the test plan (see 8.4) is considered as an enabler for definjng the
budget

NOTE The budget is usually defined carefully as it allows to conduct the activity itself properly and it|is often
compared with the cost of non-quality and "non-maturity" (for example, MTBF not achievedslate re-design, [retrofits,
potentiall delay penalties, OEM poor image and loss of credibility, etc.) for demonstratingcitsiinterest.

These [planning actions are usually under the responsibility of the highly severe stregs tests
coordinator.

7.3 Management of highly severe stress tests

Once the highly severe stress tests have been planned(See 7.2), the coordinator ensurles that
the asdociated process runs smoothly. This includes ifi/particular:

o avdilability of test means and tools, human reseurces, equipment, etc. according to Ilhe test
plap (see 8.4 and 8.5.2), including availabilityof resources from external test laboratories;

e infdrmation, and training if needed, of the human resources involved;

e mahagement of the test implementation which includes management of potential [built-in
deflciencies and associated malfunctions or failures, root causes analysis, asspciated
dedisions, potential corrective .actions and records of the events (test report) (see §.5.3 to
8.515);

e schedule monitoring, knowing that significant drift can lead to extra costs, to the grocess
not|being conducted with the necessary stringency being potentially cut short;

e esdalating of potential risks, if some are identified (see 8.5.5), to project or programme
management;

e budget monitoking, knowing that the pertinence of the approach is based on its ecpnomic
intgrest (seke 7.2);

e recprding)* of experience feedback (capitalization), including technical resulfs and
actlievements acquired throughout the test campaigns, schedule and budget synthegis, etc.
(see85-5and9-2):

8 Typical methodology for implementing highly severe stress tests

8.1 Basis for an effective approach

To be effective and profitable, the highly severe stress tests approach relies on a structured
methodology which is clearly understood by the team of representatives who conduct the test
campaign and is supported by the OEM executive officers.
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The team will have a thorough technical knowledge and know-how with regard to the equipment,
its definition and configuration, its potential reactions to the stresses to be applied in order to

be

able to detect and understand the built-in deficiencies and their potential associated

malfunctions or failures found, to determine the root causes and to decide on what action is
taken. Technical knowledge and know-how will usually serve to identify in advance before the
tests campaign: potential deficiencies or weak points and their potential associated expected
malfunctions or failures; they allow to determine which will or will not be possible to reveal and
activate, and to determine the most appropriate stresses for this activation.

Thus, for each equipment, the approach includes these main steps:

identification of potential deficiencies or weak points, if any (see 8.2);

selJ;ction of applicable stresses (see 8.3);
preparation of the test plan (see 8.4); and

tes{s implementation, including root cause analysis and corrective actions_ approagh with
regprd to potential built-in deficiencies and report (see 8.5).

The stgp related to identification of potential built-in deficiencies or weak points is nprmally
used ap it usually favours a proactive highly severe stress tests approach and effectivepess in
efforts jand costs. But it cannot be considered before selecting and implementing stress|tests if
time fof testing is constrained for example and if potential risk ofi‘efforts and costs is asgumed.

8.2
8.2

| General

Identification of equipment potential built-in deficiencies/weak points

A key gtep in running a highly severe stress tests approach is to investigate first, in advance, if
there dre potential weak points at the equipment level (design, manufacturing procesges, for

example), which can constitute risks and leadto the most expected built-in deficiencies

Identifying potential deficiencies reinforces the pertinence of the highly severe stresg tests,
given that it is attempted to use stresses which allow effective stimulation of their malfupctions

or failure mechanisms.

8.2.

2 Sources of information and data for identification of potential built-in
deficiencies or weak points

For identifying potential pbuilt-in deficiencies or weak points, different sources of informat{on and

data cgn be analyzed.such as:

eqyipment specifications, which include electrical and mechanical characteristics arnd refer
usUyally téelectrical and environmental constraints, and related standards, etc.;

misision profile;

NOTE 1 For example, with regard to the equipment mission profile, the nature of potential significant functional
stresses (for example: on-off cycles, electrical network variations, etc.) and environmental stresses (for example:
heat, cold, thermal cycles, humidity, vibrations, shocks, etc.) to which the equipment will normally be submitted
in its future operating conditions, along if possible with their quantification in terms of levels, transition variation,
frequency or duration can allow to target potential deficiencies or weak points.

equipment definition dossier which includes bill of materials, CCAs dossiers, mechanical
structure dossier, etc.;

equipment manufacturing dossier which includes CCA manufacturing dossiers, processes,
controls, etc.;

simulation results (electrical, thermal, mechanical, stress-damage modelling, physics of
failure, etc.) achieved during the design and development stage;

key characteristics related to the manufacturing means and associated processes, which
often are under control;
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FMEAs carried out at equipment design and manufacturing processes level, which identify
potential failure modes, their causes, effects, severity ratings and occurrence ratings;

experimental plans oriented towards the design choices or innovative technologies (for
example, electronic components including packages assembly or soldering, manufacturing
technologies and processes, etc.) and the results of which can indicate that some of the
characteristics observed (for example, linked to the materials, technologies, attachments,
mounting or assembly techniques), are particularly sensitive to certain environmental
stresses;

NOTE 2 For example, design innovations or technological innovations can be considered as likely to present a
high risk of built-in deficiencies and their associated malfunctions or or failures, especially as low, no experience

feed

back or sufficiently well documented test results are available.

o feeflbacks coming from previous highly severe stress campaigns, previous quali

ca

Perforr
built-in
nature
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NOTE 3
and exp4
experts,

NOTE 4

be stren
and glui

8.2.3

Major

paigns and in operation of similar equipment with potentially:

the most frequent built-in deficiencies and associated malfunctions or failurg
already observed, their mechanisms, causes or origins;

the environmental conditions or relevant constraints which favoured)the observe
in deficiencies and associated malfunctions or failures, if reported(

ning detailed analysis of such information and data allows to_identify and list the p
deficiencies or weak points which are in principle the mast vulnerable, the p

veak points (see 8.3).

In addition to the test team, experts can be involved considering their high technical knowledge, k
rience (for example, electronic components experts, matefials or manufacturing technologies expe
etc.).

If a serious deficiency or weak point is identified @nd can "mask" other weaknesses, the weak ele

gthened by ruggedizing it (for example, shock absorber for LCD screen with regard to vibrations o
g of heavy capacitor) before launching a campaign of accelerated stress tests (see 8.4 and 8.5.2)

Specific consideration of parameters related to intrinsic limits

ication

types

d built-

ptential
ptential

of their malfunctions or failures, and then to identify the stresses most likely to stimulate

how-how
[ts, EMC

ment will
r shocks

barameters, and their values, related to intrinsic limits of materials, technologig¢s, etc.

will belidentified in order to clearly identify the technological domain in which the equipment
operategs (see Figure 1) and what can (or cannot) be improved in the equipment. For eample,
operatipnal temperature range and maximum junction temperature of electronic components
belong|to the technologjeal*domain and are related to the limit of technologies (see 3.12).
That data can be ‘used for contributing to the equipment measurement instrumentation
configyration (se€28:4.2 j)) and for potentially leading to the highest level of stress to be applied
before the end(of highly severe stress tests.

8.3 Belection of applicable stresses

8.3.1 General

Referring to the objectives of highly severe stresses (see 4.2), an effective method is to draw
up a table (see Annex B), in which the columns correspond to the various potential built-in
deficiency or weak points and the rows correspond to the stress types (for example, random
vibrations, heat, cold, thermal cycles, on-off cycles, etc.), and then to tick boxes as appropriate.
There is no point in listing all the foreseeable stress types and to consider then only those which
are applicable for the highly severe stress campaign.
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8.3.2

Stress

Stress types

types are selected as:

e they are considered for having in principle the highest potential and ability to stimulate the
potential built-in deficiencies or weak points (due to their nature or their level) and their
relationship with the equipment lifecycle or mission profile;

e their constraints, although rarely present in the nominal equipment operating conditions, are
believed to have a significant impact on activation of potential built-in deficiencies and
associated malfunction or failure mechanisms related to the weak points of the equipment;

e they have proven, by experience, their effectiveness in revealing usual or specific built-in

def
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pparation of the table is under the highly severe stress tests coordinator's responsibility

b support of the project or programme representatives who are involved.

ined stresses (two or more stresses at a time) are considered, Table)B.1 (Anng
d accordingly.

Fhe application of combined stresses can lead to a synergy of effects for activation of certaif
y and associated malfunction or failure mechanisms; this can be the'case, for example, when
e combined with thermal cycles, or electrical on-off cycles combined\with temperature. Neverthel

see 8.4.3.2 for more considerations.
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s all information and recommendations necessary for carrying out the tests and correctly

, the test plan is "frozen" or approved, for example, by the OEM design authority

Foved by the customer jf-required by the contact, for example.

ame time as the testiplan is established, the actions to prepare the tests impleme
ducted such as'booking the availabilities of test resources including those of &
oratories if needed, specification and development of test-benches, specificati
bment of specific test software, etc.

purpese of this document and to facilitate the user understanding, consideratig
d in\the test plan contents and associated items, allowing an easier preparatior
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8.4.2

Test plan contents

The test plan usually contains the following:

a) Concise description of the equipment under test: equipment description, both physical and
functional (dimensions, weight, number and type of CCAs (CPU, power supply, etc.),
backplane if any, utilization, etc.) and main technologies (at electronic, mechanical, thermal,
manufacturing processes level, etc.);
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g)
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List of documents or data relevant and being available:

equipment specifications, qualification requirements, applicable standards, lifecycle or
mission profile;

definition dossier;
configuration;
other documents or data.

List of identified potential risks, for example:

limitations set by budgets, human resources, availability of human or test resources, or
deadlines;

List
tec

impacts on safety of equipment, environment and operators during testing;
other risks.

of major parameters and their values, related to intrinsic limits\ of materials,
hnologies, etc. which can influence the equipment measurement.instrumentation

configuration (see 8.2.3 and 8.4.2 i)) and potentially the highest level of stress to be applied

(se

Est
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continue the test campaign.

NOT
con
bud

If th
rep
rep

£ 8.4.2 m));

mated number of equipment to be used: experience of previous tests campaigns can
be as an input for determining the number of equipment which is necessary to 4chieve
tests campaign. In practice, this number is justified by thé-replacement (spare parts or
hir) of faulty equipment, components or sub-assemblies or assemblies in ofder to

E 1 Due to the cumulative effects and the potentially déstrdctive nature of tests, it is often proposed to
ider a set of at least three equipment for conducting a-highly severe stress campaign and, preferaply if the
pet permits, at least one equipment per highly severe stress type plus at least one spare.

e budget, including the price of the equipment allows (see 7.2), it is always relgvant to
bat the tests campaign on one additional set of equipment. This improves the
resentativeness of the "built-in deficiency - stress" combination.

co
de
ind
List
incl

dinator and the project or pregramme representatives who are involved (design¢rs and
ign managers, technical speecialists or experts (EMC specialist or expert for example),
Istrialization and manufacturing specialists and managers, etc.).

HUﬂnan resources: identification of<OEM team, including the highly severe stresp tests
r

of test resources (test means, tools, etc.) needed for performing the tests. Tlhis list
udes:

test means used to apply the stresses (for example: thermal chamber, mechanical
shaker, anechoic chamber, electric disturbance generator, lightning generatof, etc.)
which includes:

— OEM-in-house test means;

— ~ external test means with test laboratories if needed; the conditions in which these
organizations work is then defined and planned;

tools needed for the equipment to operate, be monitored, etc.; this includes, for example,
test-bench, etc.;

stress measuring tools.

NOTE 2 All test means and tools used for stress tests, measurements, etc., are calibrated.as usually defined

in th

e OEM quality system.

The test-bench, which allows to put the equipment in a monitoring environment, is defined,
specified, developed and accepted. It can:

be automated or semi-automated;

include resources and functions (for example: electrical signal generators, measurement
instruments, processing unit, power supply, connecting cables, etc.);
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h)

e simulate the functional environment of the equipment during the test, for example, by
generating at equipment input signals, stimuli in accordance with the specification
(amplitude, frequency, waveform properties, etc.), and measuring equipment output
signals and verifying potential by calculating their compliance with the specification;

e exchange information and data with the equipment embedded monitoring software with
regard to the supervision of the equipment internal functional resources (see 8.4.2 1)),
and provide status related to the equipment operation.

The test-bench for the highly severe stress tests can be common with the one for
qualification; in this case, potential specific needs are included in a common specification.

Description of the interfaces or plates which are needed between test resources and
equipment and potential adaptations or modifications to be made to the equipment; this can
be pecessary to ensure that the stresses are correctly applied to the equipment and. fo allow
optlmum transfer of the applied stress. Adaption or modification to the &quigment's
meg¢hanical structure can include, for example:

e [additional openings to allow air to pass;
e |removal of packaging covers;
e |inhibition of thermal protection systems;

e lopenings for the passage of probe or sensor cables installed, inside the equipmet (see
8.4.2 i)).

Thdse needs can be defined, specified, developed and aceépted if they do not alreadly exist.
Thgy can be common with the ones for qualification; im this case, potential specifig needs
are|included in common specifications.

Degcription of potential needs for ruggedizing some identified equipment weak elemgents or
parts before testing (see 8.5.2).

Equipment instrumentation configuration:in order to measure and control the lepels of
strgsses, the equipment when submittedito the highly severe stress tests is instrumented
wit probes and sensors. This\Winstrumentation (for example, thermocpuples,
accelerometers, strain gauges, etc?) allows effective measurement of the equipment
response to the stresses. Installation of this instrumentation is usually defined on the basis
of t{he risk analysis, technologi€es intrinsic limits, and simulation results and targgts the
wedkest points which have/been identified to follow their behaviours face to the tests| Some
propes or sensors can_be installed inside the equipment, at specific parts for measuring
strgss levels transferred.

dedlaration of whether or not the equipment operation is altered by applying the [stress.
Defjinition of €Criteria determining continuation or cessation of tests with the proces$ being
iterptive.

De(]inition of the (correct functional or operating states: they allow an unambiguous

Degcription of the equipment embedded monitoring software: this software |allows
permatent functional monitoring of the equipment under stress tests in order to detéct and
recordany bultt-in defictency and associated maffunction or fafiure.

NOTE 3 In some cases, continuous functional monitoring cannot be possible during the highly severe stress
tests; so, for example, a functional test can be performed while the stress level is kept constant for a short time.

This software, which can be used in lieu of the equipment embedded application software,
allows continuous functional monitoring of the equipment under stress test in order to detect
and record any built-in deficiency and associated malfunction or failure. So in this way, it
ensures in particular continuous surveillance of the correct activities and integrity of the
internal electronic functions (for example, read or write in memories, input or output signals,
etc.); it usually communicates with the test-bench with regard to the supervision of the
equipment internal functional resources.

The equipment embedded monitoring software is defined, specified, developed and
accepted if it does not already exist.

It can be common with the monitoring software used for qualification; in this case, potential
specific needs are included in a common specification.
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The monitoring software specification and development can be based on data coming from
the testability analysis, which is usually carried out during the equipment design and
development stage at equipment and embedded electronic functions level. Indeed,
testability analysis allows to:

o verify the test capabilities including accessibilities for test of the embedded electronics,
and if needed, to propose recommendations with the aim of reaching the maximum test
coverage;

e provide data for tests that can be considered in various test situations according to their
needs (for example, for qualification and highly severe stress tests monitoring,
production stress screening monitoring, equipment built-in test in operation).

m) Description of the tests: each test is described, sometimes based on existing standards, in
a specific paragraph which includes:

e |the type of stress or combination of stresses, and the associated resources used;
e [the running order in which the stress is applied;

e |the test set up procedure, if needed (for example, EMC tests related to conducted
emissions where the installation of power cables or signal cablesut of the equipment
can be critical for the test representativeness); the characteristics of progressiye step
sequences when gradual severity levels are applied;

e [the levels of stress at the various steps;

e |the characteristics of each step (including, for example, duration of the plateay state,
slopes, etc.);

e |the actions to be performed at each step (for éxample: external equipment inspection,
measurements via the instrumentation, etc.);

o |if applicable, the highest level of stress that can be applied to the equipmlent, in
accordance, for example, with the parameter and their values related to intrinsif limits
(see 8.4.2 d)) or operating margin targets (see 4.1);

n) detpiled flowchart of the highly severe“tests campaign and associated schedule (influding
task links, forecast durations, etc.)-

8.4.3 Specific considerations
8.4.3.1 Running order

Particular attention is paid\to the test running order, according to the types of stresses and the
potentipl identified builtsin deficiency and potential associated malfunction or failure. The test
running order is notyrandom but follows a logic which moves to the next more "aggrgssive"
stress [type. In addition, the procedure for the highly severe stress tests leads usyally to
increade the amplitude of each stress type by progressive steps, revealing the deficierjcy and
associated mialfunction or failure up to potential destruct.

For exd mnla with alactranice aaiinmant thic nrincinla ic annliad tn dafina tha riinnina rrder Of
ample—with-electronics-equipment—thisprinciple-is-apphed-to-define-therunningC
stresses; operation at a high temperature is generally more damaging than at a low
temperature, so the tests will be running at low temperature before running at high temperature.

8.4.3.2 Combined stress tests

As mentioned in 8.3, combined stresses (for example, vibration cycles combined with thermal
cycles, electrical on-off cycles combined with temperature) can lead to a synergy of effects for
activation of certain malfunctions or failures mechanisms. This can be useful as the reaction of
the equipment cannot be the same as with a succession of single unit stresses. Nevertheless,
the concern lies often in the difficulties to understand the origin of a malfunction or failure, or
potentially of several simultaneous malfunctions or failures, to identify the root causes (for
example, a solder joint failure at an electronic component when vibrations and thermal cycle
stresses are combined) and to determine the appropriate corrective action, leading often to
additional time or delay or extra cost.
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Care is usually taken to apply a first stress at its maximum no-failure level previously
determined, and the other stress is then incrementally applied until it reveals malfunction or
failure, or up to the level reached with the single unit stress. Such an approach with combined
stress tests can minimize the above concern and make the research of the origins and root
causes of malfunctions or failure and built-in deficiency easier.

If considered and if time, budget, etc., allow, the combined stress tests are carried out after the
unit stress tests, allowing an optimal coverage of tests.

8.5 Tests implementation

8.5.1 General

Annex |A, Figure A.2, provides a typical flowchart related to the highly severe stig€sp tests
implementation.

8.5.2 Checks before tests

Checkg are made before launching the tests campaign and usually before some tes} types
(thermal, mechanical tests, for example).

This intludes:

e avdilability of equipment, test means, tools including test-benches, interfaces bptween
eqyipment and test means (for example, attachment plate for mechanical stress, air flow
plafe for climatic stress, etc.);

e potential adaptations or modifications of the equipment for correct exposure to the sjresses
using potential interfaces, and for installation>of the instrumentation;

e potential modifications of the equipment, with regard to ruggedizing some identified weak
elements or parts, for example, the gluing of a heavy capacitor, etc. (see 8.4.2i));

. ins]rumentation: attachment of sensors and probes, etc. on, or in, the equipment;

e insfallation of the equipment on the mounting interfaces usually used between the test
means and the equipment;

e chedck on the equipment operation, including that adaptations or modifications made to the
eqyipment or the instrumentation have not altered the equipment operation.

NOTE With regard to the  installation of the equipment, since the normal fastening points can contain yibration
dampenipg devices, it isssometimes necessary to fasten the chassis of the equipment directly to the vibratlon table
to allow fhe vibrations.to-propagate into the equipment during the test.

8.5.3 Stresses application

The stiesses are applied to the equipment with a step stressing method, as described in the
test pldnxIn principle, the starting value of each stress is close to the specification valud if any,
and this value is increased in successive increments, the level of which is defined in the test
plan. When a malfunction or failure occurs at a given value of the applied stress, the test is
temporarily interrupted to analyze the root cause of the malfunction or failure and built-in
deficiency origin (see 8.5.4).

Additional test investigations can be conducted for bringing more context details to the root
cause analysis, for example:

o if the function returns when the stress level is decreased the malfunction or failure
(intermittent or permanent) is classified as a functional failing; it can be an operating limit if
any corrective action is, or can be, applied after the analysis;

e if the function does not return when the stress level is reduced, the malfunction or failure is
classified as a breaking. It can be a destruct limit if any corrective action is, or can be,
applied after the analysis.
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Participation of the designers including hardware and software specialists as well as
manufacturing specialists is justified for a quick evaluation of the importance of the malfunction
or failure and built-in deficiency detected, as well as to identify the root cause and to define a
corrective action.

Once the corrective action has been implemented, the equipment has been repaired or a
workaround solution has been found (for example, a specific temporary protection for an
electronic component, reinforcement of an electronic component attachment, etc.), the test
continues, once again stepping up the stress level until the higher operating limit is reached.
This means that one does not simply look for the first event impacting the equipment operating
limit, but one aims to go further, possibly up to the destruct limit or the intrinsic limit, insofar as
the test resources so allow.

Contrafy to the equipment qualification, an equipment will not accumulate severalkaggfessive
highly severe stress tests (for example, thermal followed by mechanical) in order)to find more
easily the root cause of a malfunction or failure and the built-in deficiency ofigin, and not to
influenge the margin research.

In any pase, the test is finished when:

e thel|destruct limit or the intrinsic limit is reached; or

e an pperating margin is considered sufficient.

Figure |1 illustrates these test termination conditions.

8.5.4 Root cause analysis, corrective actions

The tes$ts are conducted as described in the test’plan. When running the test plan, usually the
tests afe interrupted as soon as a malfunction.er failure occurs.

An initipl technical analysis is made with\regard to the root cause.

This is|based on a necessary detailed description of the event. Additional verification [can be
needed to verify that the malfunction or failure disappears when the revealing stregs level
returng| to a lower level (case ‘of operating limit, or intermittent malfunction or failure) ¢r does
not dispppear (case of destruct limit); this can make the technical analysis more complgx (see
8.5.3).

This tephnical analysis leads to typical situations such as:

e roof cause_lincluding built-in deficiency origin, is easily identified (for eXample:
manufaeturing process not followed, obvious deficiency or weak point of an eldctronic
component package, etc.), and corrective action defined and applied, potential repgirs are
maderand the test restarts with the same equipment;

e root cause is difficult to identify and an in-depth malfunction or failure technical analysis is
carried out:

— theroot cause is then identified. The possible corrective action is applied and the test is
restarted with the repaired or the corrected original equipment, or another equipment
corrected as applicable;
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Usuall
which flevealed the malfunction or failure.

the root cause is not formally identified and deeper technical analysis is carried out.
According to the malfunction or failure type, the criticality level of its manifestation, the
potential duration envisaged for the additional technical analysis, etc., can be decided
under the highly severe stress tests coordinator's responsibility to leave the equipment
as is or to replace it by a new one and to restart the test. The malfunction or failure
technical analysis can continue in parallel and potential corrective actions are applied
later. Nevertheless, in the option where the failed equipment is replaced by a new one,
the test is restarted from the beginning with the initial stress level but the new equipment
will have normally the same limitation as the previous one as the root cause is not yet
formally identified and the corrective action not yet applied; so this option is not
suggested. If the decision is to leave the equipment as is, some tests can be limited or

or failure deeper analysis, the highly severe stress tests coordinator can~deri
emporarily suspend the continuation of the stress test which caused the malfun
ailure and to continue the test campaign with a new equipment but for-another ftype of
stress test.

, in case of equipment repair in the course of the test, the test restarts at the stregs level

The malfunction or failure and built-in deficiency technical analysis’is, thus, to identify|all the
root capses in order to define and implement the necessary corrective actions, insofar af these
causesg| actually correspond to a clearly identifiable deficiency.*As applicable, these cofrective
actiong can result, for example, in a simple replacement of/an unsuitable electronic component
or reinforcement of the attachment of an electronic compgnent (potentially heavy such gs coil,
transformer, capacitor, etc.), or mechanical reinforcement of a CCA, cable fixing or thermal

changq at a manufacturing control process level,

Pursuimg the highly severe tests after the corrective actions have been applied, allows fo:

Correc
manufgcturing processes.and to the manufacturing dossier.

ion improvement at a hot spot level due te-ayhigh power electronic component,|or in a

chgck that the operating or destruct limits of the equipment have indeed been pushefl back;

check that the modifications introduced have not generated new problems which could

challenge the previous limits.

ive actions can lead 4o changes at design level and to the definition dossier, the

8.5.5 Test report

The tept repont is essential to record the information, events and data all along th
campalgn, and*contributes to the experience feedback.

b tests

A computer database can allow to facilitate the rprnrding and the issue of the report

and to

capitalize the global OEM experience on the highly severe stress tests topic (see 9.2).

The content of the test report includes:

e "frozen" or approved test plan (see 8.4.1);
e any deviation or adaptation to the "frozen" or approved test plan;
o reference of the equipment (part number, serial number);

e identification of equipment family if any;

e description of the tests performed (see 8.4.2), identification of resources used (references

of test means, test benches, etc.), and dates and locations of tests;

e built-in deficiencies, root causes, corrective actions:
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detailed descriptions of built-in deficiencies and malfunctions or failures observed

(including for each of them the equipment serial number) and corresponding me
stress values;

asured

results of technical analysis and root cause of the built-in deficiencies and malfunctions

or failure;

corrective actions, for example, repairs made, the components, subassemblies or

assemblies replaced or other workaround solutions employed,;

e maximum levels reached;

e the identification of the operating limits and the potential destruct limits as well as potential
intermittent malfunctions or failures. The difference between these limits and the

sp

oo tion Lo liaot +h Py -
CTIToatoTT e atc S aTC TITaTyTiTS,y

e opdgrating margins obtained;

e [es

If resid
the hig

dual built-in deficiencies, weak points or residual risks if any.

pal built-in deficiencies/weak points and/or residual risks are identified;-especiall
nly severe stress tests objectives have not been reached (for example; due to insy

test regources, etc.), they are carefully described within the test report_and then escal

project

9 Ta

9.1

Analyz

or programme management.

Seneral

ng the results of the highly severe stress testsrallows to gain experience. The O

take advantage of this experience and use it for:

e (Cre

hting or enhancing an experience database;

o chdcking the effectiveness of the applied highly severe tests with regard to the

det

brmining equipment operating margins and improving the equipment robustness;

e enllancing procedures and quality'systems, including, for example, updates of desig

ma

nufacturing process contral criteria, etc.;

e contributing to defining environmental stress screening for production;

e che

eqyipment maturity; \if feedback related to the equipment life has been registered;

e MO

9.2

ing OEMs' culture forward.

Creating or enhancing a database

king advantage and using experience gained with highly severe testy

y when
fficient
hted to

FM can

vish of

h rules,

cking the effectivehess of the highly severe tests with regard to the experience and the

ben for

Experi¢nce.is usually capitalized in a computer database where a specific dossier is o
each et:wipment at the beginning of the tests campaign and is updated on an ongoin

during

) basis

the campaign itself and potentially during the equipment life.

For each equipment, the dossier includes the contents identified for the test report (see 8.5.5),
and the assessments related to schedule and budget (for example, as initially forecasted and
as achieved with synthetic main drivers).

For consistency, the database can be enriched for each equipment by records of feedbacks
related to the equipment life. This includes potential incidents or events (built-in deficiencies,
malfunctions or failures) identified during series production, entry into service, operation, etc.
This allows to analyze the effectiveness of the highly severe stress tests campaign (see 9.5)

and to

prepare future highly severe stress tests campaigns with other equipment.

This record process is optional but is strongly suggested in an OEM continuous improvement

approa

ch.
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9.3 Enhancing procedures and quality system

As the equipment was designed, developed and manufactured in accordance with the current
procedures and quality system, the results and experience brought by the highly severe stress
tests can offer the opportunity to update and improve the procedures and quality system. This
can, for example, include:

e rules and processes for choosing electronic components, materials, etc.;

o design rules (PCB place and route rules, circuit card mechanical strengthening, etc.); and

e manufacturing technologies, qualification processes (identification of process key
characteristics, process control criteria, for example).

9.4 Contribution to environmental stress screening (ESS) definition
9.4.1 Reminder of ESS purpose

Enviropmental stress screening (ESS) is an operation applied to equipment.n produgtion to
reveal and detect early latent breakdowns before final acceptance and delivery to the cugtomer.
It can be conducted on 100 % of all manufactured equipment or on a sample in the ¢ase of
large vplumes with process control.

ESS is| usually carried out by applying, under monitoring, thermal, or vibration, or both, and
electriqal (on-off cycles, for example) stresses.

The linmits for the stress screening are usually chosen-fo)be at slighter lower stress leyels as
the opgrating limits; IEC 62506 can provide information.

NOTE ESS profiles are often defined on a "historical" approach based on ESS experience feedback and profiles
already implemented on similar equipment. Highly severé(Stress test results can contribute to potential imprgvement.

9.4.2 Contribution of highly severe stress tests

Having| conducted highly severe stress tests on the equipment during its design and
development stage gives a clearer picture of its limits (operating or destruct) and its p¢tential
residugl built-in deficiencies or wéak points which are considered at risk (see 8.5.5).

So this|can provide opportunity with regard to a "historical" ESS approach. Results of thg highly
severe|stress tests can allow to improve the effectiveness of ESS by targeting, for example, the
potentipl residual defiCiencies or weak points, or through a tightening (choice, severity) of the
stressgs, or both.

NOTE Nevertheless, it is checked that the ESS is efficient and does not consume usable life of an equipmegnt as its
role is t¢ eradicate early deficiencies, malfunctions or failures (at electronic components, PCB, solder jojnts, etc.
level) and to detect manufacturing process quality issues while not significantly reducing the life of the equipment.
In this sense, for example, an equipment can be exposed several times to the selected screening stre§ses and
durationH i issii ioni i ifo ti i teptance
depends on the results and expected target. A theorical life time reduction assessment based on equipment
qualification can also be considered.

9.5 Checking the effectiveness of the highly severe stress tests with regard to the
experience and the equipment maturity by correlation with feedbacks

In order to check the effectiveness of the highly severe stress tests with regard to the equipment
maturity, a comparison of the events encountered during the life of the equipment (production,
entry into service, operation, etc.) is done with the results of the tests performed. This is
facilitated if these events have been recorded within the experience database for each
equipment (see 9.2).
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The following cases can occur:

built-in deficiencies and malfunctions or failures revealed during the highly severe stress
tests and then corrected, no longer appear;

built-in deficiencies and malfunctions or failures which appear in operation were seen during
the highly severe stress tests and intentionally not dealt with. A case-by-case in-depth
technical analysis is done;

built-in deficiencies and malfunctions or failures which appear in operation were not seen
during the accelerated stress tests. An in-depth technical analysis for determining the root
causes is performed and can lead to a new series of adapted or more pertinent highly severe
stress tests, potentially to corrective actions, and identification in the OEM experience

feegback:

The in{depth technical analysis can determine that the root causes are due to specific|quality
or religbility issues, attributable for example to an electronic component or PCB |lot. This has
no direct link with the highly severe stress tests process and a specific and relevant cofrective
action plan is carried out (for example, with the supplier or manufacturer, with the equipment

manufgcturer in charge of the ESS, etc.).

The whole action can potentially allow to update, for example, the highly severe stregs tests

approach, procedures and test plans of future campaigns.

9.6

Moving OEM’s culture forward

The highly severe stress tests approach can be adopted*by each OEM and then refined| taking
into acpount its experience with the objective to obtainta mature equipment from its enfry into
servicg. This often takes place in an OEM continueUs improvement or progress, prevemntive or
proactiye attitude and customer satisfaction approach supported by the OEM executive dfficers.

10

10.1 Customer/OEM relationship

10.1.1| Responsibilities

Rdsponsibilities and relationships

OEM dgsign, development and production processes are usually described in the OEM's|quality
system|; this includes the highly severe stress tests approach. The OEM is responsible for
defining, preparing and implementing the highly severe stress tests, and recording the fesults,

even ifl[some tests.ate'carried out at external test laboratories, for example.

Highly severe'stress tests approach can be:

an |OEM's own preventive or proactive initiative to obtain margins, provisions anfl early

eq inment maturitv in an antimim alahal tima and gffgctivae cost search-
HReRmhattdHYy-HA—ahR—-opH R greea—tHReahc-eHecH8-6o0st+S8afFchs

a means for the OEM to satisfy potential customer contractual requirements such as
equipment availability from the EIS or in operation.

In any case, the OEM is responsible for assessing the pertinence of the margins obtained after

the

tests.
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10.1.2

Contractual requirements

The customer expresses its contractual requirements in the equipment specification or in the
contract document.

Obligation of results or obligation of means are two opposite ways:

e Obligation of results: the customer defines maturity related requirements (for example:
availability target value at EIS or in operation, first-fit removal rate, MTBF, etc.). The OEM
is then totally responsible for defining and implementing the highly severe stress tests.

o Obligation of means: in this case, the customer can impose clearly its highly severe stress

test
me

pla

assjociated structure of the future test report. It can also propose the way jof mg

res
pre

accelerated tests programme.

Usually, the customer requires an obligation of result and not obligation of means. As
the eqqipment design and development stage (see Clause 6), the highly severe stress tg
is estaplished and it is usually available before the design and” development revie

examp

equipment maturity related requirements are defined by the customer.

Accord
docum
deliver

10.2

The OF
condud

hodology, types of stresses, etc.). In this case, the OEM proposes a prelimin
n, defining the schedule (in accordance with the equipment development cycle)

dual risks, potential constraints (economic and calendar) with regard.to the t
iminary customer approval is usually obtained from the customer cofi¢erning thg

e: preliminary design review (PDR), critical design¢review (CDR)), in parti

ing to the customer requirements expressed indthe equipment specification or ¢
bnt, the test plan (see 8.4) and the test report (see 8.5.5) can be part of the
Ables or available upon request.

DEM and external test laboratories.relationship

EM is responsible for the complete*highly severe stress test approach even if te]
ted outside its facility with extérhal test laboratories.

ample,
ry test
nd the
naging
bsts. A
highly

part of
st plan
vs (for
ular if

ontract
formal

sts are

The external test laboratories canassist the OEM when defining the test means or toolg, etc.

When fests are conducted:at an external test laboratory facility:

o theltest laboratory‘and the OEM jointly agree with the whole or part of the test plan apd with
the|test resourges configuration, before the tests launch;

o the|test laboratory records and synthesizes all data related to the different test phases
(stress, levels, durations, measurements, technical events observed, etc.);

o theltest laboratory records and reports any built-in deficiency, malfunction or failurg to the
OEM-Ferdispesiton—This-eanircludeforexampletechnicanvestigationsand+oettauses

analysis, corrective action proposals, repair proposals, workaround solution proposals, etc.,
according to the content of the order or contract;

o the test laboratory identifies in the test report any deviation or adaptation between the test
plan and the tests conducted to ensure the traceability of the test conditions and the test
results (see 8.5.5).

The OEM is responsible for recording the whole information within the experience database.
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11 Costs and savings

11.1 General

The profitability of the highly severe stress tests lies essentially in the gains obtained by early
equipment maturity by treatments of weaknesses, identification of margins and provisions for
managing later potential design changes (for example, minor specification evolution, electronic
components obsolescence management, PCB manufacturer change, etc.), which usually offset
the expenses of conducting these tests. For example, a design defect detected and corrected
late in the equipment lifecycle incurs considerable extra costs or concerns such as:

e potential delay in time to market (TTM) or poor EIS;

e technical and economical credibility and confidence with the customers, poor brand|image;
or

e recpvery operations and equipment retrofits.
The ecpnomic analysis therefore establishes the difference between, for example:

a) cosfts of the equipment "non-maturity" which include in particular (see 11.2):
— |costs due to delayed equipment time to market (TTM) or peor EIS;

— |costs of in-service built-in deficiency processing and in-sefvice recovery operatigns and
equipment retrofit;

— |costs linked to the damaged brand image;

— |other costs;

b) expenses generated by implementing the*iighly severe stress tests, including mainlly (see
11.B):

— lengineering for highly severe stress tests preparation;

— |highly severe stress tests implementation which includes:
e test means, tools and.services; and

e human resources and services;

— |weakened, damaged or destroyed equipment.

11.2 TNon-maturity"-costs
11.2.1| Cost due to delayed time to market (TTM) or poor entry into service (EIS)

11.2.1.1 Delayed time to market (TTM)

Nowadays; time to market (TTM) for any equipment is a major factor with regardlto the
performance and benefit of a company, especially in highly competitive sectors where the
technologies evolve rapidly. This is why the TTM date has become essential for an equipment
under development.

Experience shows that the targeted TTM date, set when the equipment project is initialized,
and the equipment EIS are usually at risk due to potential development difficulties or potential
insufficient maturity, or both. The highly severe stress tests approach, considered in the
equipment development schedule, allows to mitigate the TTM and EIS risk, to secure in addition
the rest of the equipment life (for example, tolerance to manufacturing process variations, etc.),
and to avoid immediate financial losses.
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The commercial life of an equipment, or in general all types of products, is usually characterized
by three main stages:

1) "growth" after EIS with mass production volume growing quickly; then
2) "maturity", period of varying length, where the mass production volume is stable; finally

3) "decline" where the mass production volume decreases due to other higher-performance
products reaching the market, for example.

Figure 2 describes typical marketing stages of a product with time. Curve (1) corresponds to an
ideal product marketing, with a product launching on the market on time. The total production
level then reaches the planned target and the profitability of the product is reached. Curve (2)
illustrates a delayed product TTM leading to losses in production volume with respect to market
demanf, and therefore, in profitability.

Generglly speaking, a delay in TTM can lead to the following possible cases:

e Theg product belongs to a captive market and sales will reach the targets, but later than
expected. The financial losses affect the "growth" period and, thus, the.cemmercial forecast.

e Theg product is on an open competitive market. All market shares hot occupied frpm the
bedinning will be lost permanently and the total level of sales” will be lower, i direct
proportion to the length of the delay. If the delay is too high;-placing the product|on the
maftket can even be compromised and the product cannotcbe ' marketed.

54
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Figure 2 — Typical marketing stages of a product with time

11.2.1.2 Case of poor entry into service (EIS)

A poor equipment EIS in the "growth" stage is characterized by a low operating availability value
of the equipment after its deliveries. The economic impact is all the more significant that the
equipment ramp-up is rapid.

A poor EIS most often comes with built-in deficiencies processing, recovery operation and
equipment retrofit, and leads to inevitable associated costs (see 11.2.2 and 11.2.3), and likely
issues all along the equipment programme.


https://iecnorm.com/api/?name=b1aeba37d52ce0fb932f97bbac37cba3
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