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INTERNATIONAL ELECTROTECHNICAL COMMISSION

BASIC QUALIFICATION OF DC-LINK FILM
CAPACITORS FOR AUTOMOTIVE USE -
GENERAL REQUIREMENTS, TEST CONDITIONS AND TESTS

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization\comprising
all ngtional electrotechnical committees (IEC National Committees). The object of IEC is to promoteTintefnational
co-operation on all questions concerning standardization in the electrical and electronic fields. Toythis|end and
in adfition 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
prepration 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‘organizationg liaising
with the IEC also participate in this preparation. IEC collaborates closely with the Interrational Organization for
Stanglardization (ISO) in accordance with conditions determined by agreement betWeen the two organizjations.

~

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an intefnational
consgnsus of opinion on the relevant subjects since each technical committee has representation|from all
inter¢sted IEC National Committees.

3) IEC Publications have the form of recommendations for international-tse and are accepted by IEC [National
Comimnittees in that sense. While all reasonable efforts are madeto ensure that the technical contert of IEC
Publications is accurate, IEC cannot be held responsible for the. way in which they are used or| for any
misirjterpretation by any end user.

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

5) IEC {tself does not provide any attestation of confermity. Independent certification bodies provide cgnformity
assepsment services and, in some areas, access.\to IEC marks of conformity. IEC is not responsiblg for any
servipes carried out by independent certification bodies.

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

7) No lipbility shall attach to IEC or its directors, employees, servants or agents including individual exgerts and
mempers of its technical committees and IEC National Committees for any personal injury, property dgmage or
otherl damage of any nature whatsoever, whether direct or indirect, or for costs (including legal f¢es) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any ofher IEC
Publications.

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

9) IEC fraws attention(to. the possibility that the implementation of this document may involve the uge of (a)
patent(s). IEC takes\no position concerning the evidence, validity or applicability of any claimed patent|rights in
respgct thereof~AS of the date of publication of this document, IEC had not received notice of (a) patent(f), which
may pe required.to implement this document. However, implementers are cautioned that this may not represent
the latest information, which may be obtained from the patent database available at https://patents.ieg.ch. IEC
shalllnot be_held responsible for identifying any or all such patent rights.

IEC TS®

electronic equipment. It is a Technical Specification.

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

Draft Report on voting

40/3093/DTS 40/3117/RVDTS

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 Specification 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 revised.

IMPORTANT - The "colour inside” logo on the cover page of this document indicates
that if 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

This Technical Specification is based on a publication of the "ZVEI/ECPE Film Capacitors Core
Group" working group with representatives from vehicle, device and capacitor manufacturers.
It is adopted to the electrical specifications valid for electrically propelled vehicles — voltage
class B systems, as given in ISO 21498-1.

Because AEC-Q200 is not applicable for the capacitors considered here, this document defines
a set of tests to ensure the basic suitability of the capacitor for application as a DC-link capacitor
in HV applications or in the intermediate circuit of the 48 V on-board electrical system.

This Te¢chnicatrSpecification makes no cralm to compieteness. Automotive manufacturers and

device |[manufacturers are free to request additional state-of-the-art tests at any time, \t|is also
importgnt to understand that a basic qualification as described in this document canno6t feplace
a comgrehensive technology qualification being performed in advance of product dévelgpment.

As the| individual manufacturers can make changes, only the companyy-standards|of the
respective manufacturers created on the basis of this Technical Specification apply.
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BASIC QUALIFICATION OF DC-LINK FILM
CAPACITORS FOR AUTOMOTIVE USE -
GENERAL REQUIREMENTS, TEST CONDITIONS AND TESTS

1 Scope

This document provides requirements, test conditions and tests to validate characteristics
including the service life of customized DC-link film capacitors for use in motor vehicle

componhents.

d from the scope of this document.

rd DC-link capacitors qualified according to other |IEC standards or AEC-QZ00 are

The refuirements, test conditions and tests listed in this document apply to customized film

capaci
capaci

These

technologically innovative designs, if necessary. The content and scope of supplem
therefo
to sourging.

Power

The te

Specifigations for complete vehicle components or additional or deviating further require
test copditions and tests described therein.

This dgacument contains no tests-to validate the thermal interface between capacitors,
electropics and the cooling system on the component level.

2 Ndrmative references

The following decuments are referred to in the text in such a way that some or all of their

constit

For urn

amend

ﬂors developed for use in motor vehicle power electronics for the-@pplication as a

qualification requirements can be expanded or adapted for the applica

sts in this document do not replace’the tests specified in the Component Requi

ites requirements of this document. For dated references, only the edition cited 3

ments) applies.

DC-link

or in HV applications or in the intermediate circuit of the 48 \. on-board electrical §ystem.

ion of
ents is

re to be specified and documented in coordination-between the responsible parti¢s prior

electronics in the motor vehicle need to be tested in accordance with the envirorimental
qualifigation standards of the vehicle manufacturers.

rement
ments,

power

content
pplies.

datéd) references, the latest edition of the referenced document (including any

IEC 60068-1, Environmental testing — Part 1: General and guidance

IEC 60068-2-2, Environmental testing — Part 2-2: Tests — Test B: Dry heat

IEC 60068-2-14, Environmental testing — Part 2-14: Tests — Test N: Change of temperature

IEC 60068-2-64, Environmental testing — Part 2-64: Tests — Test Fh: Vibration, broadband
random and guidance

IEC 60068-2-78, Environmental testing — Part 2-78: Tests — Test Cab: Damp heat, steady state

IEC 60384-1:2021, Fixed capacitors for use in electronic equipment — Part 1: Generic
specification
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IEC 60695-11-10, Fire hazard testing — Part 11-10: Test flames — 50 W horizontal and vertical

flame t

est methods

IEC 60695-2-12, Fire hazard testing — Part 2-12: Glowing/hot-wire based test methods — Glow-
wire flammability index (GWFI) test method for materials

IEC 61

071:2017, Capacitors for power electronics

ISO/IEC 17025, General requirements for the competence of testing and calibration
laboratories

ISO 21

1Y0-1:2021, Electrically propelled road vehicles — Electrical specifications and_ i

voltagd class B systems and components — Part 1: Voltage sub-classes and characterig

3 Te

rms, definitions, symbols and abbreviated terms

For the purposes of this document, the following terms and definitions_apply.

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

addres

5€S!:

e |E( Electropedia: available at https://www.electropedia,org/

e 1S{ Online browsing platform: available at https://www.iso.org/obp

3.1 General terms and definitions

3.1.1
comp
compl

3.1.2

nent
te device, control unit or mechatronic (with housing)

compgnent element

single part of a component

Note 1 t¢ entry: In this document; “component element” designates a capacitor as described in the Scope
3.1.3

system

functiopally linked-"components, e.g. power train consisting of electric machine,

electro

3.1.4
device

hics, cohtrol

bsts for
tics

llowing

power

"thder-test

component element to be tested, system or the component to be tested

3.1.5

vehicle pre-conditioning
vehicle climate control prior to departure using energy from the mains supply
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3.2 Terms and definitions related to operating voltages and temperatures

3.21

working voltage
Uop
DC voltage that can occur in an electric system under normal operating conditions according to
the customer's specifications, disregarding transients and ripple

Note 1 to entry: The working voltage shall be less than the rated DC voltage.

[SOURCE: ISO 21498-1:2021, 3.16 modified — "AC voltage (rms) or" has been deleted and
Note 1 to entry has been added.]

3.2.2
overvdltage
U,

max
maximl@im permissible voltage which can be applied to a capacitor for a spegified duration at
the spgcified temperature

Note 1 tp entry: The maximum permissible voltage specified for a capacitor includés transients, ripple|or other
disturbamces, which can appear within the system under abnormal operating conditions. The duration, number and
accumulated duration of overvoltage events need to be agreed between manufacturer and user.

Note 2 t¢ entry: This definition additional to that of the rated DC voltage 332.3 is necessary to reflect the ¢gustomer
specificgtions valid for electrically propelled vehicles (mission profiles), which include normal operation gt battery
voltage gnd abnormal operation (overvoltage events), see Annex C fordetails.

3.2.3
rated )C voltage
Urbc
Unpc

<capac|tor> maximum operating voltage ofeither polarity but of a non-reversing type wayeform,
for whigh the capacitor has been designed for continuous operation disregarding transig¢nts

Note 1 t¢ entry: The rated DC voltage of'the capacitor is aligned with the maximum battery voltage, for which the
system is designed. It does not include\overvoltage events, like transients. See Annex C for details.

Note 2 t¢ entry: The rated voltage’in this specification is different from the general "rated voltage" which i$ defined
in IEC 6(0384-1 in order to align.if\to the specification of operating conditions in motor vehicle power electrgnics.

Note 3 t¢ entry: In IEC 61071 the symbol U, is used, but since the letter "N" normally stands for "nom|nal" it is
replaced|in this documgntby "R".

[SOURCE: IEC61071:2017, 3.18 modified — "maximum operating peak voltage” hap been
replacdgd by “maximum operating voltage”, "disregarding transients" has been added at {he end
of the definition, Note 1, Note 2 and Note 3 to entry have been added.]

3.24
maximum operating temperature
T

max
<capacitor> highest temperature at which the capacitor can be operated under steady state
conditions for a specified duration

Note 1 to entry: T . is the temperature of the case measured at the hottest point of the case if no self-heating

occurs, or the hotspot temperature inside the case under ripple current load condition. The terminations are part of
the external surface of the case.

Note 2 to entry: The temperature time profiles shall be agreed between manufacturer and user.

[SOURCE: IEC 61071:2017, 3.34, modified — "highest temperature of the case" has been
replaced by "highest temperature”, "for a specified duration" has been added, as well as Note 1
and Note 2 to entry.]
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3.2.5
hotspot temperature
the highest temperature present inside the capacitor dielectric

Note 1 to entry: The hot spot temperature cannot be directly measured in operation. Normally the position of a hot
spot and the temperature increase by ripple current load is determined by use of simulation tools and verified by
measuring the temperature increase at a sample specially prepared with thermal sensors.

[SOURCE: IEC 61071:2017, 3.35, modified — Note 1 to entry has been added.]

3.3 Symbols and abbreviated terms

For th pULROSES of this document and the subordinate epnmfmahnne, the fr\llr\\n/lng Qllmbo|s

and abpreviated terms apply.

C capacitance

Co initial capacitance on the new part

CN nominal capacitance

AC measured change in capacitance after exposure
AT rise or change in temperature in general

ESL equivalent series inductance

ESR equivalent series resistance

f frequency

HV high voltage

1 current

Riso insulation resistance

RH relative humidity

TRt room temperature

Tamb ambient temperature-0f-a capacitor

Trnax maximum operating temperature (3.2.4)

Tenin minimum anibient temperature (lower category temperature, typically -40°C)
Top operating_temperature

tand loss/factor

Uop operating voltage

Urbc rated DC voltage <capacitor> (3.2.3)

Umnax overvoltage Nmit, test voltage for high temperature overvoltage test
U, test voltage

(du/dt¢ ) set value for charge/discharge test
pulse
(dU/dtgnort) set value for the short-circuit test

Utc isolation voltage of the terminals (T — Terminal) to the case (C — Case)
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neral requirements

4.1 Deviations from this document

Any deviations from this Technical Specification are listed on the cover sheet of the company
standards (in justified exceptional cases, deviations may be represented in the body of the
standard in italics). If, in individual cases, modifications to individual test sections are required,
such modifications shall be agreed upon separately between the departments responsible of
the manufacturer and the user.

4.2 Service life and qualification tests

A vehi
parame

The te
service

The ba
vehicle

The va

a) Ele

cle with an electric power train is typically described with the design serv
ters given in Table 1.

Table 1 — Example for a design service life

Service life 15 years

Mileage 300 000 km

Operating hours, driving 8 000 h

Operating hours, charging/ 30 000 h (22 000 h charging\*.8° 000 h vehicle
pre-conditioning pre-conditioning)

bts described in Clause 5 to Clause 7 are intended to validate the characterist
life of capacitors for use in the vehicle.

sis of the specified tests are the curréntly-known failure mechanisms and the
-specific application profiles of powerelectronics.

idation includes:

ctrical characterisation (frequency-dependent)

E-01 Capacitance;

E-02 Insulation resistance;

E-03 ESR;

E-04 ESL;

E-05 Insulation strength to surrounding area (e.g. housing).
chanical characterisation

M>01 Geometry;

M-02 Visual inspection.

c) Environmental tests / exposure tests

The c¢

during

B -01 Thermal shock;

B-02 Damp heat, steady state;
B-03 High temperature;

B-04 Vibration;

B-05 Charge/discharge test;
B-06 Short-circuit test.

ce life

cs and

motor

haracterisation measurements are intended to determine the basic functional
characteristics and mechanical data of component elements. They shall be performed before,

and after the test.


https://iecnorm.com/api/?name=09ac9b5df38fe0f13465ca770fc8e638

- 12 —

IEC TS 63337:2024 © IEC 2024

The environmental tests simulate the exposure of components in the vehicle, and thereby, of
the component element.

In addition, applicable safety requirements are described in Clause 9.

In Annex A, an example for data sheet and test report is given.

Annex B lists test to be performed in case of changes to the capacitors.

Annex C provides further explanation of the relation between voltages, temperatures and
operating conditions.

4.3 .Ltandard tolerances

are co
specifi

plied with independent of the tolerances of the test system. If no other toleran

Tolera}’ces refer to the set value and the measured value. Ensure that the specified tolg
d in the individual tests, use the tolerances from Table 2 or Table.3-

rances
res are

If two tplerance values are specified, the first value listed specifies the upper tolerance and the
second value listed specifies the lower tolerance of the value rangde;

Table 2 — Definitions of standard tolerances for set values

Frequencies 1 %
Temperatures +2 °C
Indirectly determined temperatures +5C
Humidity +5 %
Times +5 %; -0 %
Voltage 2 %
Currents 2 %

Table 3 — Definitions of accuracy for measured values

Insulation resistance 5%

Capacitance +0,5 %
Voltage +0,5 %
Clurrents +0,5 %

4.4 Standard values

Unless otherwise specified, the standard values for measurement in accordance with Table 4

shall apply.

Table 4 — Definitions

of standard values

Room temperature

Ty defined as 23 °C + 5 °C

Humidity

RH =25 % to 75 % relative humidity (in
accordance with IEC 60068-1)

Test temperature

TRT
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4.5

Thermal equilibrium

A component exposed to a constant ambient temperature under defined operating conditions is
regarded as continuous temperature controlled when the temperature of any part of the
component has not deviated from the target temperature by more than 5 K at any point in time.

The time until this thermal equilibrium is reached shall be defined experimentally by the
manufactures and specified in the testing documentation. In case of temperature cycling tests,
after reaching the specified temperature benchmark value for continuous-temperature control,
the units under test shall additionally be held for a defined time to allow mechanical stress to
place strains on the components. This additional holding time is specified for the respective test.

4.6

The sa
test. Al

The re
guaran
resolut
anoma

When

t:mpling rates and measured value resolutions

pling rate and bandwidth of the measuring system shall be adapted to the'res
measured values with all maximum values (peaks) shall be recorded.

solution of the measured values shall be adapted to the respective test. It s
eed that voltage peaks that occur do not lead to overflow or are ‘ot measurabl
on is too low. Data reduction/abstraction (e.g. limit value monitaring) shall not su
ies.

the measured values for the lifetime tests are defined) it shall be ensured t

measufted values are recorded with sufficient granularity with fespect to the expected life

ensure

4.7

The p
charac
entereg
informa
variatid
otherw
docum

that the End-of-Life can be determined reliably and<{precisely.

Parameter test

rameter test is intended for the characterisation of the electrical and mec

pective

hall be
b if the
ppress

hat the
time to

hanical

eristics of the units under test before (to“ensure that only faultless units under test are

into qualification tests) and after\the individual test sequences. It shoul
tion about the characteristic parameters of the capacitors, which may vary
ns in production and the stress they are exposed to during the individual tests.
se stated, the individual test’ steps of the parameter tests shall be con
bnted and the deviations from the specified tolerances evidenced before and a

individygal test respectively.

The ob

4.8

en

pro

ective of the measurements and tests is to:

enjure the absence of defects of all units under test;

ure the fulfilment of all the requirements;

e the functional behaviour and the accuracy of all functions;

g yield
due to
Unless
jucted,
ter the

cha[acterise the units under test.

The physical analysis is a detailed analysis of failed parts.

The physical analysis of successfully tested parts is performed according to individual
agreement between parties.

Proceed as follows:

perform and document the non-destructive tests/analyses;

identify/coordinate further tests/analyses with the specialist client department responsible
on the basis of the results of the non-destructive tests/analyses;

perform and document the destructive tests/analyses;

archive the specimens and damaged parts.
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The change in the unit under test comparable with initial conditions shall be evaluated. The
results shall be documented in the test report.

4.9 Restriction on performance

The test lab shall be organised and operated in accordance with ISO/IEC 17025. All test
equipment used for measuring shall be calibrated in accordance with ISO/IEC 17025 (or as is
specified or recommended by the manufacturer), and based on the National Institute of
Standards (e.g. in Germany PTB; National Metrology Institute of Germany) or another
equivalent national test lab. The test devices, workshop equipment, installations and testing
procedures used shall not distort the behaviour of the unit under test. These shall be
documented in the test report together with the precisions and the calibration expiration date.

5 Eleéctrical characterisation

5.1 General

The objective of the electrical characterisation is to determine changés in the elgctrical
paramgters due to the tests carried out. The measurements shall therefore be performed in the
same Way before and after the tests.

5.2 E-01 Capacitance
5.21 Purpose

The measurement is intended to determine the capagitance of the unit under test.

5.2.2 Test
The measurement shall be carried out with-the following parameters:

— tes{temperature TR

— tesf{voltage small signal-measurement;

— frequency 100 Hz(:#20 Hz) or 1 kHz, optional 10 kHz as agreed with the user.
NOTE The capacitance value can slightly vary, when measured with different frequencies.
5.3 E-02 insulation resistance between terminals

5.3.1 Purpose

The mgasurement is intended to determine the insulation resistance of the unit under tgst.

5.3.2 Test

The measurement shall be carried out with the following parameters:

— test temperature Trt and Tyax
— test voltage Urpcs
— frequency 0 Hz (DC);

— measurement time 60 s after the test voltage is reached.
5.4 E-03 ESR
5.4.1 Purpose

The measurement is intended to determine the equivalent series resistance of the unit under
test at the terminal in accordance with the measuring point in the data sheet.
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Test

The measurement shall be carried out with the following parameters:

— test temperature Tyt

— test voltage small signal measurement;

— frequency 1 kHz, 10 kHz, 20 kHz or in accordance with the data sheet.

5.5 E-04 ESL

5.5.1 Purpose

The m¢asurement is intended to determine the equivalent series inductance of the unit under

test at the terminal in accordance with the measuring point in the data sheet.

5.5.2 Test

The measurement shall be carried out with the following parameters:

— tes{temperature  TrT;

— tes{voltage Small signal measurement;

— frequency 1 MHz (reference value); optional 10 MHz, 30 MHz, up to 100 MHz as
agreed with the user.

5.6 [E-05 External insulation terminal to case

5.6.1 Purpose

The mgasurement is intended to test the insulation strength of the unit under test agalnst the

environment. If the unit under test has a metal case, the test shall be performed betwgen the

case apd the electrically interconnected cannections.

For capacitors in a non-metallic case;-a metal foil shall be fixed to the body of the capalcitor at

positions as agreed between the-manufacturer and the user, considering the required cr¢epage

distande and clearance. The téest voltage shall be applied between inner connections and the

foil.

5.6.2 Test

The megasurement,shall be carried out with the following parameters:

— tes{temperature  Try;

— Tedt Voltage U; Urpc =60 V: 750 V;

— Ugrpc £500V 2 830 V;

- Ugpg > 500V V2 x (2 x Ugpe + 1 000) V;

— frequency 0 Hz (DC);

— duration of test 60 s in each polarity.

If Y-capacitors are integrated into a DC-link capacitor unit, test details and test voltages shall
be agreed between manufacturer and user under consideration of the insulation requirements

for the

Y-capacitors and the DC link capacitor.
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6 Mechanical characterisation

6.1 M-01 Geometry
6.1.1 Purpose

The measurement is intended to determine the geometric data of the unit under test related to
the drawing. All measured values shall be within the specified tolerances.

At least length, width, height as well as the position of the electrical and mechanical connections
shall be measured for the mechanical characterisation. Electrical or mechanical connections,
which are intended to be deformed during measurement or testing can be omitted from that
measufement, if agreed between manufacturer and user.

6.1.2 Test

The measurement shall be carried out with the following parameters:
— Tegttemperature Tt

6.2 M-02 Visual inspection

6.2.1 Purpose

This tept is intended to evaluate the appearance of the unit.under test.

The vigual inspection should detect anomalies suchias cracking in the potting and hpusing,
corrosipn of the connections, etc. A photograph shall'be included in the test report in a regolution
corresgonding to the current state-of-the-art.

6.2.2 Test
The measurement shall be carried out with the following parameters:

— Test temperature Tt

7 Environmental and.exposure tests

7.1 B-01 Thermal shock

711 Purpose¢

This tgst simulates the component element's thermal exposure to shock-like tempgrature
changsg erms of
fault pr

7.1.2 Test

The test shall be performed in accordance with IEC 60068-2-14, Na with the following
parameters:

— lower test temperature  -40 °C;

— upper test temperature T4,

— number of cycles 1 000;

— holding time at least 5 min after thermal equilibrium;

— test voltage none.
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7.2 B-02 Damp heat, steady state
7.21 Purpose

This accelerated test simulates the exposure of the component element to damp heat during
the vehicle service life. The test is intended to validate the quality and reliability of the
component element to faults caused by damp heat such as corrosion, migration/ dendrite growth,
swelling and degradation of plastics.

7.2.2 Test

The test shall be performed in accordance with IEC 60068-2-78 with the following parameters:

— tesftemperature 65 °C;

— tes{ humidity 93 % RH, no condensation;

— durption of test 1 750 h (reference condition);

— tes{voltage 1 700 h without Ugpc 50 h of the test time with U at the end of the
test.

NOTE Deviating (more severe) test conditions can be required by users.
7.3 B-03 High temperature load
7.31 Purpose

The agcelerated test condition A and condition B simulate the thermal exposure |of the
compohent elements during the vehicle service life*under overload and normal operating
conditipns. They are intended to validate the quality~and reliability of the component glement
with rgspect to faults that occur due to thermal exposure such as diffusion, migratipn and
oxidatipn.

The totpl test time, combination and duration of overload condition A and operating life cdndition
B shall be determined and agreed between manufacturer and user under considergtion of
accelefjation factors and the time-voltage profile. For example, condition A and condition B may
be conlbined in a way, that a part 6f the duration of condition A is performed in the beginning
phase ¢f the test (e.g. after 168.h:or 500 h) as pre-conditioning of the test specimen by ovierload,
and th¢ other part of the duration at the end of the test. With such a combination the impact of
overlogd conditions to reliability and the performance of the capacitor to withstand such
overlogd conditions at the'end of service life can be validated.

7.3.2 Condition A: high temperature — overload
The tegt shall be\performed in accordance with IEC 60068-2-2 with the following paramgters:

— tes{temperature T,

— durgation of test as calculated from time-voltage profile;
— applied voltage Unax-

Umnax @nd the duration of test (for example 100 h as a typical value) shall be agreed between

manufacturer and user under consideration of the mission profile of the system. Deviating
overload conditions may be agreed between manufacturer and user under consideration of

voltage derating in case T, is exceeded.

7.3.3 Condition B: high temperature — operating life

The test shall be performed in accordance with IEC 60068-2-2 with the following parameters:

— test temperature Trmax:

— duration of test as agreed between manufacturer and user;
— applied voltage Urpc-
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Urpc and the duration of test (for example 1 000 h or 2 500 h as typical values) shall be agreed

between manufacturer and user under consideration

e of the mission profile of the system,

e of voltage and temperature acceleration factors specific for the capacitor technology,

e of an appropriate safety margin to validate the performance of the capacitors during the

vehicle service life.
7.4 B-04 Vibration

7.4.1 Purpose

This test simulates the exposure of the component element to vibrations during autg

motive

operatipn. It is intended to validate the component element's durability with regards fo fault

profiled such as component detachment and material fatigue.

The actual stress conditions can vary by vehicle model or type and the place of insta

llation.

Normally the validation test conditions shall be agreed between manufacturer and user. The

typical jprofile given in 7.4.2 can be used if nothing is specified by a user:

7.4.2 Test (typical profile)

The un|ts under test shall be fixed to the designated areas and the’terminals shall be con
close tp reality. See IEC 60068-2-47 for guidance. The test shall be performed in acco
with IEC 60068-2-64 with the parameters specified in Table 5:

— tes{temperature TRt

— excjftation broadband random vibration;
— tesf{ duration for each spatial 8 h;

— RME value of acceleration 30,8 m/s?;

— tesf{voltage no voltage.

Vibratipn profile see Figure 1 below.

Table 5.~ Parameters of the vibration profile

nected
rdance

Frequency Power density spectrum

Hz (m/s?)?/Hz
5 0,884

10 20

55 6,5

180 0,25

300 0,25

360 0,14

1000 0,14

2 000 0,14

ZI?EEZ See also ISO 16750-3:2023, 4.1.2.4 and 1SO 19453-3:2018,
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Figure 1 — Vibration profile

7.5 B-05 Charge/ discharge test
7.5.1 Purpose

These ftests simulate the charging and discharging béhaviour of the capacitor. This test shall
detect [possible damages to the contacts inside the capacitor. Details of the test apd test
conditipns shall be agreed between manufacturer‘and user.

7.5.2 Test

The test shall be carried out in accordance with IEC 60384-1-2021, 6.11 with the following
paramaters:

— Charging voltage as specified'to realize the required (dU/dt)pu|Se of the discharge|pulse;
— Charging time <0,63 s;

— Repetition rate 1-gycle per second;

— Number of cycles (_ 10 000 (charge/discharge cycles);

- (dYdi)pyise as agreed between manufacturer and user;

— Tedt temperature  Tgy.

7.6 B-06,Short-circuit test

7.6.1 Purpose

These tests simulate the short circuit behaviour of the capacitor. Details of the test and test
conditions shall be agreed between manufacturer and user.
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Test

The test shall be carried out in accordance with IEC 61071:2017, 5.9 with the following
parameters:

— Charging voltage as specified to realize the required (dU/d¢), o, Of discharge pulse;

— Number of cycles 5 (unless otherwise agreed between manufacturer and user);

— Condition 2 minutes pause between charges;

— Test temperature  TrT;

- (dUMdghort as agreed between manufacturer and user.

7.7

cceptance criteria

The fqllowing parameters and their drift shall be determined before and| aftef each

envirorijmental or exposure test:

1) capacitance;

2) ES
3) ins
All valy

and the
conditi

lation resistance.

es shall be within specification (data sheet). The data sheet should contain rated|values
ir limits for the delivery condition and regarding the se¥vice life (the limits for the delivery
bn and service life may be different).

The pafameters shall be determined in accordance with Clause 5, Electrical characteridation.
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agram

The test sequence is shown in Figure 2; it is performed with 6 parts per path.

[ Mechanical characterisation M-01, M-02 ]
Y Y
([ B2 B-03 ( B-01 B.05
Damp heat, High Thermal Charge/
steady state temperature shock discharge test
\ \

Y

\

7

Electrical characterisation
E-01 ... E-03

J

Y

/

B-04
Vibration

B-06
Short circuit

4 N
Electrical characterisation E-01 ... E-05
G J
/ y / y
- N
Mechanical characterisation M-01, M-02
\¢ Yy

Figure 2 — Test sequence

IEC
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9 Flammability (if required)
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The materials used for case and potting shall be self-extinguishing. The necessity of test, the
test methods, test samples and severities shall be agreed between manufacturer and user.

If not otherwise specified by the relevant specification, the tests, if required, shall be performed
either in accordance with:

IEC 60695-11-10; classification V-1, HB

or in accordance with

IEQ

60695-2-12; glow-wire test temperature 750 °C.
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Annex A
(informative)

Example data sheet

This sample data sheet serves only as an illustrative example. It is up to the manufacturer to
add or omit data.

Data sheet
Capacitor: ABCDEF 05507a000 \o
Custonyer-
ﬂ
b )
Characteristic values:
Parameters Condition? Min. Type Max. Unit

Nomingl capacitance Cy 500 uF
C\, tolefance -5 10 %
Peak vpltage Upk T ax 500 vVDC
Rated yoltage U\ Toin < Tamp < Top 470 vDC
Insulation resistance R, U=U,; 60s 20 MQ
betweeh the terminals 2830 vDC
Externgl insulation terminal to no breakdown;
case 60 s per-polarity
ESR 1 kHz 0,4 mQ
ESR 1Q kHz 1,0 mQ
ESR 2(Q kHz 1,4 mQ
ESL 1 MHz 15 nH
Thax ({ charged) OA; Uy, 110 °C
I (endurance test) Convection cooling; 150 Arms

Tymp = 80 °C; 20 kHz

sinusoidal; no additional heat

input via thermal conduction

or radiation
dU/dtpu = 10 000 plllQnQ Z gjuz
dUldtgy, o 5 pulses H
Length 250 mm
Width 70 mm
Height 50 mm
Weight 1250 g
a Tomp = Try Unless otherwise specified.

b See manufacturer specification

¢ See manufacturer specification
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Data sheet
Capacitor: ABCDEF 05507a000 \o
Customer: ﬁ(‘
O
Performance in the environmental/exposure tests: J 0
B-01 Thermal shock + B-04 Vibration O
Performance
|ACIC,| ESR ESR ESR ESL R,
1 kHz 1 kHz 10 kHz 20 kHz 1 MHz DC
45 % <2mQ <4 mQ <6 mQ <30 nH > 50 MQ
B-02 Hjgh damp heat, steady state
Performance
|ACIC,| ESR ESR ESR ESL R L
1 kHz 1 kHz 10 kHz 20 kHz 1 MHZ D(
44 % <1mQ <2mQ <3 mQ <25nH > 50 MQ
B-03 Hjgh temperature
PerforlLance
|ACIC,| ESR ESR ESR ESL R}
1 kHz 1 kHz 10 kHz 20~kHz 1 MHz DG
43 % <1,5mQ <3 mQ <4,5 mQ <25nH > 50 MQ

B-05 Charge/discharge test + B-06 Short-circuit test

Performance
|ACIC,| ESR ESR ESR ESL R}
1 kHz 1 kHz 10 kHz 20 kHz 1 MHz DG
45 % <1mQ <2 mQ <3 mQ <15nH > 50 MQ

Additional manufacturer specifications



https://iecnorm.com/api/?name=09ac9b5df38fe0f13465ca770fc8e638

IEC TS 63337:2024 © IEC 2024 - 25—

Annex B
(normative)

Guideline for qualification in case of changes

B.1 General

Short product and technology cycles as well as new environmental regulations ("Pb-free", flame
retardants, ....) frequently result in process and material changes of components, printed circuit

boards, assembly techniques and circuit layout which have to be evaluated.

The Z\EIl "Guideline for Customer Notifications of Product and /or Process Changes \(H
ic Components specified for Automotive Applications" describes an‘\appf
methodology for dealing with changed electronic components. The table below,in this gy
presenfs recommendations for how to assess typical changes of electronic components
recommendations promote an open risk-based discussion between supplier and cu
regarding qualifications.

This dgcument adapts the structure of the Delta Qualification Matrices developed by th

CN) of
opriate
ideline
These
stomer

e ZVEI

Working Group "PCN-Methodology", but it is not a part of the officialdocumentation (Link to the
official [ PCN-Documents of the ZVEI: https://www.zvei.org/ PCN). Actual contents represent
state-of-the-art technology and does not claim to be comprehensive. Deviation from prpposed
guideline shall be mutually agreed as customer specific réquirements have to be considered.
B.2 |Basic Qualification-Table Application (completion by component
manufacturer)
e Thi$ table shall be used for changes only.”The table is not applicable for new product or
spelcial qualifications (for instance for encapsulation of module).
e If al change is not listed in this table, the qualification plan shall be defined and jagreed

e In g¢ase of deviations from_tests, which should be considered this should be notified and

mented by the component manufacturer in the area "Reason for exception of]
Tedt results in form of generic data (G) are allowed when notified and justified.

B.3 [Evaluation Levels are categorized as follows

B.3.1 Categories
e "C:[Compaonent level": The evaluation of a change at component level by the com

manpufacturer is sufficient. Generic data from other relevant evaluations can be used.

tests".

ponent

ce the

“A. A L i 1 wm Tl H y pu | ol | ol H N pu | + +lo PN afl
o - AApPpheatuvult 1 ver . Tc TmeTiutTu UiTdalityc UToUTTUTU 11T 1T T UIN Tihiay 1imucTt

B.3

properties of the application (e.g. Electronic Control Unit). In addition to the evaluation under
C the influence of the change in the application is evaluated by suitable investigations by
the customer. The scope of the evaluation shall be aligned with the OEM. It shall be
considered whether the application / assembly requirements are already sufficiently
safeguarded by other qualifications (application specific risk assessment).

"*: will become A/C after decision": is subject to a case-by-case evaluation.
"**: Not relevant for qualification matrix": Changes which fulfil neither A nor C definitions.

.2 Important notes

Tests identified by the table have to be considered and checked if they are necessary to
assess the specific change. Test modifications or generic data have to be justified in detail.

Categories, comments and notes need attention, as they provide important hints and
limitations.
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