IEC 62576:2018-02 RLV(en)

Full docu

IEC 62576

Edition 2.0 2018-02
REDLINE VERSION

INTERNATIONAL
STANDARD

colour
inside

Electric double-layer capacitors for use in hybrid electric vehicles —
Test methods for electrical characteristics


http://www.avadocuments.com/doc/iec-62576-2018-rlv
http://www.avadocuments.com/doc/iec-62576-2018-rlv

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2018 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC
copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or

IEC Central Office
3, rue de Varembé
CH-1211 Geneva 20
Switzerland

www.iec.ch

your local IEC member National Committee for further information.

Tel.: +41 22 919 02 11
info@iec.ch

About the IEC

The International Electrotechnical Commission (IEC) is the leading global organization that prepares and publishes
International Standards for all electrical, electronic and related technologies.

About IEC publications

The technical content of IEC publications is kept under constant review by the IEC. Please make sure that you have the
latest edition, a corrigenda or an amendment might have been published.

IEC Catalogue - webstore.iec.ch/catalogue

The stand-alone application for consulting the entire
bibliographical information on IEC International Standards,
Technical Specifications, Technical Reports and other
documents. Available for PC, Mac OS, Android Tablets and
iPad.

IEC publications search - webstore.iec.ch/advsearchform
The advanced search enables to find IEC publications by a
variety of criteria (reference number, text, technical
committee,...). It also gives information on projects, replaced
and withdrawn publications.

IEC Just Published - webstore.iec.ch/justpublished

Stay up to date on all new IEC publications. Just Published
details all new publications released. Available online and
also once a month by email.

Electropedia - www.electropedia.org

The world's leading online dictionary of electronic and
electrical terms containing 21 000 terms and definitions in
English and French, with equivalent terms in 16 additional
languages. Also known as the International Electrotechnical
Vocabulary (IEV) online.

IEC Glossary - std.iec.ch/glossary

67 000 electrotechnical terminology entries in English and
French extracted from the Terms and Definitions clause of
IEC publications issued since 2002. Some entries have been
collected from earlier publications of IEC TC 37, 77, 86 and
CISPR.

IEC Customer Service Centre - webstore.iec.ch/csc

If you wish to give us your feedback on this publication or
need further assistance, please contact the Customer Service
Centre: sales@iec.ch.

Documents

Document Sharing Hub

Full document details: IEC 62576 2018 RLV


mailto:info@iec.ch
http://www.iec.ch/
http://webstore.iec.ch/catalogue
http://webstore.iec.ch/justpublished
http://www.electropedia.org/
http://std.iec.ch/glossary
http://webstore.iec.ch/csc
mailto:sales@iec.ch
http://www.avadocuments.com/doc/iec-62576-2018-rlv
http://www.avadocuments.com/doc/iec-62576-2018-rlv

IEC 62576

Edition 2.0 2018-02
REDLINE VERSION

INTERNATIONAL
STANDARD

colour
inside
Electric double-layer capacitors for use in hybrid electric vehicles —
Test methods for electrical characteristics
INTERNATIONAL
ELECTROTECHNICAL
COMMISSION
ICS 31.060.99; 43.120 ISBN 978-2-8322-5436-3
Warning! Make sure that you obtained this publication from an authorized distributor.
nn F_ amETT
Documents
® Registered trademark of the International Electrotechnical Commission Document Sharing HUb

Full document details: IEC 62576 2018 RLV


http://www.avadocuments.com/doc/iec-62576-2018-rlv
http://www.avadocuments.com/doc/iec-62576-2018-rlv

-2- IEC 62576:2018 RLV © IEC 2018

CONTENTS
FOREWORD ...ttt ettt et et et ettt et et e et e et e et e et e e et e e e enns 4
LN I 2 1 1 L N 1 S 6
1 1T o 1= S 7
2 NOrMative refErENCES .. e 7
3 Terms and definitioNs ... 7
4  Tests-and-measurementprocedures methods.......coiiii i, 10
4.1 Capacitance, internal resistance, and maximum power density .................c..oooen.e. 10
4.1.1 Circuit for MeasuremMeENt .. ... 10
4.1.2 Test EQUIPM BNt . e 11
4.1.3 Measurement ProCEAUIE ... ....iuiiie e e e e e 12
4.1.4 Calculation method for capacitance ...........cooeiiiiiiiii e 13
4.1.5 Calculation method for internal resistance ...........ccoccooviiiiiiiiii 13
4.1.6 Calculation method for maximum power density ..........coooiiiiiiiiiiiiiiins 14
4.2 Voltage maintenance characteristiCs ..........cooviiiiiiii i 14
4.21 Circuit for measurement ... e 14
4.2.2 T et EQUIPMENT . 15
4.2.3 Measurement ProCEAUIES ........iiiiiii e e e 15
4.2.4 Calculation of voltage maintenance rate .............coooiiiiii i 16
4.3 ENergy effiCienCY ..o 16
4.3.1 (O3] o UL (o] B (- SRR 16
4.3.2 Test EQUIPM BNt . e 16
4.3.3 Measurement ProCEAUIES ... ..o i e 17
Measurement e e e e T T
4.3.4 Calculation of energy effiCienCy ..o 19
Annex A (informative) Endurance test: continuous application of rated voltage at high
LE=Y 0] 1= = (1= N 20
A1 L= o =T ¥ S 20
A.2 LI S o] e Yo=Y o 11 o - S 20
A.2A1 Test CONAItION ..o e 20
A.2.2 LIS o e Yo7 =Y o [ o = PP 20
A.2.3 JUAGMENT CrIteria .. e 20
Annex B (informative) Heat equilibrium time of capacitors..............oooiii 22
B.1 L= o =T ¥ S 22
B.2 Heat equilibrium time of capacitors ..........ccooiiiii i 22
Annex C (informative) Charging/discharging efficiency and measurement current................ 24
CA1 (CT=T o 1=Y = | PPN 24
C.2 Charging efficiency, discharging efficiency, and current...............coooiinn. 24
Annex D (informative) Procedures for setting the measurement current of capacitor
with uncertain nominal internal resSisStanCe............ooiii i 26
D.1 L= o =T ¥ S 26
D.2 Current setting procedures for measurement of capacitor ................cccooiiiiinnnn.. 26
D.3 Example of setting current for determining capacitor characteristics ..................... 26
Annex E (informative) Endurance cycling test ... ...oouiiiiiii e 27
E.1 GeNeral. . e L Documents

Document Sharing Hub

Full document details: IEC 62576 2018 RLV


http://www.avadocuments.com/doc/iec-62576-2018-rlv
http://www.avadocuments.com/doc/iec-62576-2018-rlv

IEC 62576:2018 RLV © IEC 2018 -3-

E.2 Test MeEthOd . .o 27
E.2.1 TSt tEMPErature ... 27
E.2.2 TSt EQUIPMENT ... 27
E.2.3 PrecoNditioNiNg ... oo 27
E.24 Initial MeasUrEemMENtS ... 27
E.2.5 TS S O P S it 27
E.2.6 1= ST PPEPN 28
E.2.7 End of test Criteria ..o 28
E.2.8 Post-treatment .. .o 29
E.2.9 Final MeasuUrEmMeEnt .. ... 29
E.2.10 ACCEPLANCE Criteria . e 29

71 0] [ Yo = o 2 1728 30

Figure 1 — Basic circuit for measuring capacitance, internal resistance and maximum

(1o X =T o [T o T | PPN 11
Figure 2 — Voltage—time characteristics between capacitor terminals in capacitance

and internal resistance MeasuremMeNnt. ... ..o 12
Figure 3 — Basic circuit for measuring the voltage maintenance characteristics..................... 14
Figure 4 — Time characteristics of voltage between capacitor terminals in voltage

M AN N ANCE LSt L e 15
Figure 5 — Voltage-time characteristics between capacitor terminals in

charging/discharging effiCienCy teSt ......oooiiii i 17
Figure B.1 — Heat equilibrium times of capacitors (from 85 °C t0 25 °C).....ccoevviiiiiiiiniinenns, 22
Figure B.2 — Heat equilibrium times of capacitors (from —40 °C 10 25 °C)......cccveviiiiiiiinniennnen. 23

Figure B.3 — Temperature changes of capacitors' central portions .............cc.cooeiiiiiiiiinn, 23

Figure E.1 — Endurance cycling test Steps ..o 28

Table D.1 — Example of setting current for measurement of capacitor.................c.coooeeiinni. 26
Documents

Document Sharing Hub

Full document details: IEC 62576 2018 RLV


http://www.avadocuments.com/doc/iec-62576-2018-rlv
http://www.avadocuments.com/doc/iec-62576-2018-rlv

-4 - IEC 62576:2018 RLV © IEC 2018

INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRIC DOUBLE-LAYER CAPACITORS FOR USE IN
HYBRID ELECTRIC VEHICLES - TEST METHODS
FOR ELECTRICAL CHARACTERISTICS

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC
Publication(s)"). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and
non-governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates
closely with the International Organization for Standardization (ISO) in accordance with conditions determined
by agreement between the two organizations.

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

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

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

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

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

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

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

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

This redline version of the official IEC Standard allows the user to identify the changes
made to the previous edition. A vertical bar appears in the margin wherever a change
has been made. Additions are in green text, deletions are in strikethrough red text.
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International Standard IEC 62576 has been prepared by IEC technical committee 69: Electric
road vehicles and electric industrial trucks.

This second edition cancels and replaces the first edition published in 2009. This edition
constitutes a technical revision.

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

a) information on applicability of this document has been added in Clause 1;
b) the definitions of some terms in Clause 3 have been improved,;

c) the description of test procedures in Clause 4 has been clarified;

d) information on endurance cycling test has been added (Annex E).

The text of this International Standard is based on the following documents:

CbhV Report on voting
69/486/CDV 69/539/RVC

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

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC website under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.
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INTRODUCTION

The electric double-layer capacitor (EBLC capacitor) is used as an-proemising energy storage
system for-hybrid—electric vehicles{HEVs}.-EBLC Capacitor-installed—-HEs electric vehicles
have-begun-to-be are commercialized with an eye to improving fuel economy by recovering
regenerative energy, and by peak power assistance during acceleration, etc. Although
standards for-EDLC capacitors already exists (IEC 62391 series), those for-HEVs electric
vehicles involve patterns of use, usage environment, and values of current that are quite
different from those assumed in the existing standards. Standard evaluation and test methods
will be useful for both auto manufacturers and capacitor suppliers to speed up the
| development and lower the costs of such-EBLCs capacitors. With these points in mind, this

document aims to provide basic and minimum specifications in terms of the methods for

testing electrical characteristics, and to create an environment that supports the expanding
| market of-HEVs electric vehicles and large capacity-EDLCs capacitors. Additional practical

test items to be standardized should be reconsidered after technology and market
| stabilization of-EDLCs capacitors for-HEVs electric vehicles.-la-terms-of Regarding endurance,
which is important in practical use, just a basic concept is set forth in the informative annexes.
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ELECTRIC DOUBLE-LAYER CAPACITORS FOR USE IN
HYBRID ELECTRIC VEHICLES - TEST METHODS
FOR ELECTRICAL CHARACTERISTICS

1 Scope

This document describes the methods for testing electrical characteristics of electric
double-layer capacitor cells (hereinafter referred to as "capacitor") used for peak power
assistance in hybrid electric vehicles.

All the tests in this document are type tests.

This document can also be applicable to the capacitor used in idling reduction systems (start
and-stop systems) for the vehicles.

This document can also be applicable to the capacitor modules consisting of more than one
cell.

NOTE Annex E provides information on endurance cycling test.

2 Normative references

There are no normative references in this document.

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

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:
e |EC Electropedia: available at http://www.electropedia.org/

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

=4

reference temperature
‘ o | .

3.1
ambient temperature
ambient temperature of the air—surrounding—space in—which—a the immediate vicinity of a

capacitor-is—placed

3.2
applied voltage
voltage (V) applied between the terminals of a capacitor Documents

Document Sharing Hub

Full document details: IEC 62576 2018 RLV


http://www.avadocuments.com/doc/iec-62576-2018-rlv
http://www.avadocuments.com/doc/iec-62576-2018-rlv

-8- IEC 62576:2018 RLV © IEC 2018

3.3

calculation end voltage

voltage (V) at a selected end point for calculating the characteristics including capacitance
under a state of voltage decrease during discharge

3.4

calculation start voltage

voltage (V) at a selected start point for calculating the characteristics including capacitance
under a state of voltage decrease during discharge

3.5
capacitance
ability of a capacitor to store electrical charge (F)

3.6
charge accumulated electrical energy
amount of charged energy (J) accumulated from the beginning to the end of charging

3.7

charge current
IC

current (A) required to charge a capacitor

3.8

charging efficiency

efficiency under specified charging conditions, and ratio (%) of stored energy to charge
accumulated electrical energy

Note 1 to entry: This value is calculated from the internal resistance of a capacitor.

Note 2 to entry: Refer to Formula C.8.

3.9
constant voltage chargmg

y charging during which the
voltage is malntalned at a constant value regardless of charge current or temperature

3.10
discharge accumulated electrical energy
amount of discharged energy (J) accumulated from the beginning to the end of discharging

3.11

discharge current

1y

current (A) required to discharge a capacitor

3.12

discharging efficiency

efficiency under specified discharging conditions, and ratio (%) of discharge accumulated
electrical energy to stored energy

Note 1 to entry: This value is calculated from the internal resistance of a capacitor.

Note 2 to entry: Refer to Formula C.10.
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3.13

electric double-layer capacitor

capacitor

device that stores electrical energy using a double layer in an electrochemical cell, and whose
positive and negative electrodes are of the same material

Note 1 to entry: The electrolytic capacitor is not included in capacitor of this document.

3.14

energy efficiency

Eq

ratio (%) of discharge accumulated electrical energy to charge accumulated electrical energy
under specified charging and discharging conditions

315

inal it
€N

inal . | ) | ¥ . it . =
generally, at the reference temperature

3.15

internal resistance

combined resistance (Q) of constituent material specific resistance and inside connection
resistance of a capacitor

3.16
maximum power density

greatest electrical power output of a capacitor per mass (W/kg) or volume (W/I)

3.17

nominal internal resistance

Ry

nominal value of the internal resistance (Ry) to be used in design and measurement condition
setting (Q), generally at the ambient temperature

3.18

post-treatment-{recovery) |
discharging and storage of a capacitor under specified ambient conditions (temperature,
humidity, and pressure) after tests

Note 1 to entry: Generally, post-treatment implies that a capacitor is discharged and stored until its inner
temperature attains thermal equilibrium with the surrounding temperature before its electrical characteristics are
measured.

3.19

pre-conditioning

charging and discharging and storage of a capacitor under specified ambient conditions |
(temperature, humidity, and pressure) before testing.

Note 1 to entry: Generally, pre-conditioning implies that a capacitor is discharged and stored until its inner
temperature attains thermal equilibrium with the surrounding temperature, before its electrical characteristics are
measured.
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3.20

rated voltage

Ur

maximum DC voltage (V) that may be applied continuously for a certain time under the upper
category temperature to a capacitor so that a capacitor can exhibit specified demand
characteristics

Note 1 to entry: This voltage is the setting voltage in capacitor design.

Note 2 to entry: The endurance test using the rated voltage is described in Annex A.

3.21
ambient temperature
temperature of air in the vicinity of the device under test, in this document (25 + 2) °C

3.22
stored energy
energy (J) stored in a capacitor

3.23
upper category temperature
highest ambient temperature-that at which a capacitor is designed to operate continuously

3.24

ability of a capacitor to maintain the voltage, with its terminals open, after a specified time
period subsequent to the charging

3.25

voltage maintenance rate

ratio of voltage maintenance

ratio of the voltage at the open-ended terminals to the charge voltage after a specified time
period subsequent to the charging of a capacitor

4 Tests-and-measurementprocedures methods

4.1 Capacitance, internal resistance, and maximum power density
411 Circuit for measurement

The capacitance and the internal resistance shall be measured by using the constant current
| and constant voltage charging and the constant current discharging-methods. Figure 1 shows
the basic circuit to be used for the measurement.
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Key

JCICHs

Cx

b)

4.1.2

Vv

Power supply

e e 1 IEC

constant-current

constant-voltage

DC ammeter

DC voltage recorder
changeover switch
capacitor under test
constant current discharger
constant current charging

constant voltage charging

Figure 1 — Basic circuit for measuring capacitance, internal resistance
and maximum power density

Test equipment

The test equipment shall be capable of constant current charging, constant voltage charging,
constant current discharging, and continuous measurement of the current and the voltage
between the capacitor terminals in time-series as shown in Figure 2. The test equipment shall

to measure the current and voltage with accuracy equal to £0,1 %.

be able to set-and-measure the current and the voltage with the accuracy equal to £1 % or less, and ‘

The power supply shall provide the constant charge current for the capacitor charge with 95 %
efficiency, set the duration of constant voltage charge, and provide a discharge current
corresponding to the specified discharge efficiency. The DC voltage recorder shall be capable

400 10 ms or less.

of conducting measurements and recording with a-5-m\.-resolution—and sampling interval of ‘
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Time (s)

IEC

Key

Ug rated voltage (V)

U, calculation start voltage (V)
U, calculation end voltage (V)

AU, voltage drop (V)

Ty  constant voltage charging duration (s)

Figure 2 — Voltage-time characteristics between capacitor terminals
in capacitance and internal resistance measurement

4.1.3 Measurement procedure

Measurements shall be carried out in accordance with the following procedures using the test
equipment specified in 4.1.2.

a) Pre-conditioning
Before measurement, the capacitors shall be fully charged and fully discharged, and then
incubated for 2 h to 6 h under the-reference ambient temperature;setat25°C+2 °C, as
specified-in-5-2-inHEC-60068-1; or that specified by the related standards.

NOTE 1 The heat equilibrium time, which provides a reference for the soaking time, is described in Annex B.

NOTE 2 Charging and discharging can be repeated if necessary until the capacity and internal resistance are
stabilized.

EXAMPLE

Charge and discharge the sample using the current specified by the manufacturer in the following order:
1) fully discharge;

2) charge up to Ug;

3) discharge down to 0,5 Ug;

4) repeat 2) and 3) ten times.

b) Sample setting
Fit the sample capacitors with the test equipment.
c) Test equipment setup

Unless otherwise specified by related standards, the test equipment shall be set up in the
following manner.

1) Set the constant current I for charging. At this current, the capacitors shall be able to
charge with 95 % charging efficiency based on their nominal internal resistance Ry.
The current value is calculated by 7. = Ur/38Ry. The constant current value or the
charging efficiency may be changed according to the agreement between the customer
and the supplier.
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NOTE The general concept for 95 % charging or discharging efficiency is described in Annex C. When the
rated value of internal resistance of a capacitor is uncertain, the current for the measurement can be set
according to the advisable procedures described in Annex D.

2) Set the maximum voltage for constant current charging as the rated voltage Ug.
3) Set the duration of constant voltage charging T, to 300 s.

4) Set the constant current discharge value. This value shall allow for a 95 % discharging
efficiency based on the capacitor’s nominal internal resistance Ry, and is calculated by

The constant current value or the discharging efficiency may be changed according to
the agreement between the customer and the supplier.

5) Set the sampling interval to—408 10 ms or less, and set the test-equipment so as to
measure the voltage drop characteristics up to 0,5 Ug.

d) Test

According to the set-up in 4.1.3 c), charge and discharge the sample in the following order,
and measure the voltage between the capacitor terminals as shown in Figure 2:

— constant current charging up to Ug;

— constant voltage charging at Ug for 300 s;

— constant current discharging down to 0,4 Ug.

4.1.4 Calculation method for capacitance

The capacitance C shall be calculated using Formula (1) based on the voltage-time
characteristics between capacitor terminals obtained in 4.1.4.

NOTE This calculation method is called "energy conversion capacitance method".

2w
C= 1
(0,9Ug)? -(0,7UR)? W

where
C is the capacitance (F) of capacitor;

w is the measured discharged energy (J) from calculation start voltage (0,9 Ug) to
calculation end voltage (0,7 Ug);

Ur s the rated voltage (V).
4.1.5 Calculation method for internal resistance

The internal resistance R shall be calculated using Formula (2) based on the voltage-time
characteristics between capacitor terminals obtained in 4.1.4.

oAUz (2)
Iy
where
R is the internal resistance (Q) of capacitor;
Iy is the discharge current (A);
AU5  is the voltage drop (V). ‘
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To obtain AU3, apply the straight-line approximation to the voltage drop characteristics from

the calculation start voltage (0,9 Ug) to the calculation end voltage (0,7 Ug) by using the least
squares method. Obtain the intercept (voltage value) of the straight line at the discharge start
time. AUj is the difference of voltages (V) between the intercept voltage value and the set

value of constant voltage charging.

NOTE This calculation method is called "least squares internal resistance method".
4.1.6 Calculation method for maximum power density

The maximum power density Py, is calculated by using the internal resistance value
calculated in 4.1.5 and Formula (3).

NOTE This calculation method is called "matched impedance power density method".

02505

i @)

dm

Py, is the maximum power density of capacitor (W/kg or W/I);
Ur s the rated voltage (V);

R is the calculated internal resistance (Q);

M is the mass or volume of capacitor (kg or I).

4.2 Voltage maintenance characteristics
421 Circuit for measurement

Figure 3 shows the basic circuit for measuring the voltage maintenance characteristics.

Power supply

1 I

o

I

| % L | o<
I lcc | s

' :

I

T )

| 1 1

ey — © = ©
1 ]

oL

I Ugy == !  /

! | Ot—
l |

! — ! IEC

Key
Ioc constant-current
Ugy constant-voltage
DC voltmeter
S changeover switch
Cx capacitor under test
a) constant current charging
b) constant voltage charging

Figure 3 — Basic circuit for measuring the voltage maintenance characterBEfeuments

Document Sharing Hub

Full document details: IEC 62576 2018 RLV


http://www.avadocuments.com/doc/iec-62576-2018-rlv
http://www.avadocuments.com/doc/iec-62576-2018-rlv

IEC 62576:2018 RLV © IEC 2018 -15 -

4.2.2 Test equipment

The test equipment shall be capable of constant current charging, constant voltage charging,
and continuous measurement of the voltage between the capacitor terminals in time-series as
shown in Figure 4. The power supply shall provide the constant charge current for the
capacitor charge with 95 % efficiency and set the duration of constant voltage charging. The
test equipment shall be able to set and measure the current and the voltage by the accuracy
equal to £1 % or less.

The DC voltage recorders V1 and V2 shall have a resolution of 5 mV or less for voltage
measurement. The input impedance of the recorder shall be sufficiently high so that
measurement errors are negligible.

Voltage (V)

Toct Tevq J Toct J Time
- .-

IEC

Key

Ug rated voltage (V)

T charging duration with 95 % efficiency (s)
Teq duration of constant voltage charging (s)
Toen duration-ef-measurement soaking time (h)
Ugnd voltage when Ty, is 72 h (V)

Figure 4 — Time characteristics of voltage between capacitor terminals
in voltage maintenance test

4.2.3 Measurement procedures

The measurements shall be carried out in accordance with the following procedures using the
test equipment specified in 4.2.2.

a) Pre-conditioning
Before measurement, the capacitors shall be fully charged and fully discharged, and then
incubated for 2 h to 6 h under the-reference ambient temperature;setat 25°C+2°Cas
specified-in-5-2-in1EC-80068-1; or that specified by the related standards.
NOTE 1 The heat equilibrium time, which provides a reference for the soaking time, is described in Annex B.

NOTE 2 Charging and discharging can be repeated if necessary until the capacity and internal resistance are
stabilized.

EXAMPLE

Charge and discharge the sample using the current specified by the manufacturer in the following order:
1) fully discharge;

2) charge up to Ug;

3) discharge down to 0,5 Ug;

4) repeat 2) and 3) ten times.
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b) Sample setting
Fit the sample capacitors with the test equipment.
c) Test equipment setup

Unless otherwise specified by related standards, the test equipment shall be set up in the
following manner.

1) Set the constant current value for charging. At this current, the capacitors shall be able
to charge with 95 % charging efficiency based on their nominal internal resistance. The
current value is calculated by I, = Ug/38Ry.

The constant current value or the charging efficiency may be changed according to the
agreement between the customer and the supplier.

NOTE The general concept for 95 % charging or discharging efficiency is described in Annex C. When
the rated value of internal resistance of a capacitor is uncertain, the current for the measurement can be
set according to the advisable procedures described in Annex D.

2) Set the maximum voltage for constant current charging to the rated voltage Ug.
3) Set the duration of constant voltage charging 7,4 to 300 s.
A i . | ion, . . .
c) Test
1) According to the setup in 4.2.3 c), charge the sample in the following order:
— constant current charging up to Ug;

— constant voltage charging at Ug for 300 s.

2) Open the capacitor terminals, and after 72 h, measure the voltage between the
capacitor terminals.

4.2.4 Calculation of voltage maintenance rate

The voltage maintenance rate 4 is calculated by Formula (4).

4="Yend . 100 4)
Ur
where
A is the voltage maintenance rate (%);
Ugng is the voltage between open capacitor terminals after 72 h (Tqc4) has elapsed;

Ur is the rated voltage (V).
4.3 Energy efficiency
4.3.1 Circuit for test

The energy efficiency test shall be conducted by the constant current charging and
discharging. Figure 1 shows the basic circuit required for this test.

4.3.2 Test equipment

The test equipment shall be capable of constant current charging, constant voltage charging,
constant current discharging, and continuous measurement of the current and ﬁ@ﬁtﬁﬁients
between the capacitor terminals in time-series as shown in Figure 5. The tgstequi [
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be able to set and measure the current and the voltage-by-the with an accuracy equal to +1 % |

or less.

The power supply shall provide the constant charge current for the capacitor charge with 95 %
efficiency, set the duration of constant voltage charge, and provide a discharge current
corresponding to the specified discharge efficiency. The DC voltage recorder shall be capable
of conducting measurements and recording with a 5 mV resolution and sampling interval of

100 ms or less.

Voltage (V)

(=)
Sl
<

o

Constant current
discharge

: Tt ! Tovtn ich12 v Toviz o+ Teers
4—».4—>‘<—>1 4
|
A
<
< -
’g Time (s)
O
v IEC
Key
Ug rated voltage (V)
Tect constant current charging duration (s) up to 0,5U
Tovin constant voltage charging duration (s)-up-te at 0,5U,
Tecto constant current charging duration (s) up to Ug
Toviz constant voltage charging duration (s) at Ug
Tecqs constant current discharging duration (s) from Uy to 0,5 Uy
Figure 5 — Voltage-time characteristics between capacitor terminals
in charging/discharging efficiency test
4.3.3 Measurement procedures

The measurements shall be carried out in accordance with the following procedures by using

the test equipment specified in 4.3.2.

a) Pre-conditioning

Before measurement, the capacitor shall be fully charged and fully discharged, and then
incubated for 2 h to 6 h under the—reference ambient temperature,—setat25°C+2 °C, as
specified-in-5-2-inHEC-60068-1; or that specified by the related standards.

NOTE 1

The heat equilibrium time which provides a reference for the soaking time is in Annex B.

NOTE 2 Charging and discharging can be repeated if necessary until the capacity and internal resistance are

stabilized.
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EXAMPLE

Charge and discharge the sample using the current specified by the manufacturer in the following order:
1) fully discharge;

2) charge up to Ug;

3) discharge down to 0,5 Ug;

4) repeat 2) and 3) ten times.

b) Sample setting
Fit the sample capacitors with the test equipment.
c) Test equipment setup

Unless otherwise specified by related standards, the test equipment shall be set up as
follows.

1) Set the constant current for charging from 0 V to 0,5 Ui and from 0,5 Uy to Ur. At this
current, the capacitors shall be able to charge with 95 % charging efficiency based on
their nominal internal resistance Ry. The current value is calculated by /.=Ug/38Ry.

The constant current value or the charging efficiency may be changed according to the
agreement between the customer and the supplier.
NOTE The general concept for 95 % charging or discharging efficiency is described in Annex C. When

the rated value of internal resistance of a capacitor is uncertain, the current for the measurement can be
set according to the advisable procedures described in Annex D.

2) Set the duration of constant voltage charging T\44 at 0,5 Ui to 300 s, and 7,4, at Ug
to 10 s.

3) Set the constant current discharge value. This value shall allow for a 95 % discharging
efficiency based on the capacitor’s nominal internal resistance Ry and is calculated by

The constant current value or the discharging efficiency may be changed according to
the agreement between the customer and the supplier.

NOTE The general concept for 95 % charging or discharging efficiency is described in Annex C. When
the rated value of internal resistance of a capacitor is uncertain, the current for the measurement can be
set according to the advisable procedures described in Annex D.

1) According to the set-up in 4.3.3 c), charge and discharge the sample in the following
order:

— constant current charging up to 0,5 Ug;

— constant voltage charging at 0,5 Ug for 300 s;
— constant current charging from 0,5 Ui up to Ug;
— constant voltage charging at Ug for 10 s;

— constant current discharging down to 0,4 Ug.

2) Obtain the charge accumulated electrical energy during Tccqo and Teyqo and the
discharge accumulated electrical energy during T 13-
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4.3.4 Calculation of energy efficiency

The energy efficiency E; can be obtained by Formula (5) based on the voltage-time and
current-time characteristics between 0,5 Ug to Ug.

d
f W, x ( )

(03
where
E; is the energy efficiency (%);
W4 is the discharged electrical energy (J) during Tcc43 period;
W, is the charged electrical energy (J) during T.1o plus T, 1o period.

W4 can be obtained by Formula (6).

Wy = rO'SUR 14U (¢)dt (6)
4]
W, can be obtained by Formula (7).
Wy = J':;’R 1U(t)dt (7)
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Annex A
(informative)

Endurance test: continuous application of rated voltage
at high temperature

A.1  General

Annex A describes the endurance test for continuous application of rated voltage at high
temperature that is a factor to define the rated voltage in 3.20.

A.2 Test procedure

A.2.1 Test condition
Unless otherwise specified by related standards, the test conditions shall be as follows.

— Test temperature: upper category temperature.
— Applied voltage: rated voltage.
— Test duration: 1 000 h.

A.2.2 Test procedure
a) Pre-conditioning
Before measurement, the capacitors shall be fully discharged and then incubated for 2 h

to 6 h under the-reference ambient temperature.—which-shal-be-set at 25 °C + 2 °C.as

b) Initial measurements

The capacitance and the internal resistance shall be measured according to the procedure
specified in 4.1.
c) Testing

Place the capacitors in a chamber at the upper category temperature and apply the rated
voltage for the specified duration. Charging up to the specified rated voltage shall be
carried out by applying a current that provides 95 % charging efficiency based on the
nominal internal resistance of the capacitors.

The constant current value or the charging efficiency may be changed according to the
agreement between the customer and the supplier.

d) Post-treatment (recovery)

After the test is complete, remove the capacitors from the test chamber, discharge
completely and soak them-in at the-reference ambient temperature,setat256°C+2°C.as
specified-in-5-2-in1EC 680068-1 for 2 hto 6 h.

e) Final measurement

Apart from visual inspection, the capacitance and the internal resistance of the capacitors
shall be measured in accordance with the procedure of 4.1, and the rates of change from
their initially measured values shall be obtained.

A.2.3 Judgment criteria

Unless otherwise specified by delivery contract between the parties, it is advisable that the
capacitance change rate AC and internal resistance change rate AR shall conform with the
following values.
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Gt -G

AC = x100<20%

where
C.

|
Cs is the capacitance (F) after the test.

is the initial capacitance (F) before the test;

Ri —R;

AR = x100 <50%

where
R.

|
R; is the internal resistance (Q) after the test.

is the initial internal resistance (Q) before the test;
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Annex B
(informative)

Heat equilibrium time of capacitors

B.1 General

Annex B describes the heat equilibrium time of capacitors, as a reference in determining the
soaking time for pre-treatment.

B.2 Heat equilibrium time of capacitors

The heat equilibrium time is the time required for the central portion of a capacitor to reach
the ambient temperature *1 K. It is predicted that this time depends on the external
dimensions of the capacitor.

The resultant data were obtained by verifying the heat equilibrium time of the central portions
of capacitors that were subjected to a certain environmental temperature. As a result, it was
observed that the equilibrium time was proportional to the magnitudes of the external
dimensions such as diameter for cylindrical capacitors and thickness (thinnest side) for cubic
capacitors. Figure B.1 shows the heat equilibrium times of the capacitors when soaked to
normal room temperature from a high temperature. Figure B.2 shows the heat equilibrium time
of the capacitors when soaked to normal room temperature from a low temperature. In these
figures, the dotted straight lines indicate the presumed longest heat equilibrium time. It is
advisable to use these dotted straight lines as soaking time for pre-conditioning. Figure B.3 a)
and B.3 b) show the actual measured temperature changes in the capacitors’ central portions.
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c 4,5_J Actual measurements results L
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Diameter or thickness (mm)
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The dotted straight line indicates the presumed longest heat equilibrium time.

Figure B.1 — Heat equilibrium times of capacitors (from 85 °C— to 25 Ylocuments
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The dotted straight line indicates the presumed longest heat equilibrium time.

Figure B.2 — Heat equilibrium times of capacitors (from -40 °C— to 25 °C)
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a) Temperature changes of capacitors' central b) Temperature changes of capacitors' central
portions (from 85 °C to 25 °C) portions (from —40 °C to 25 °C)
The capacitors' dimensions are &51 mm x L 125 mm.
Figure B.3 — Temperature changes of capacitors' central portions
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Annex C
(informative)

Charging/discharging efficiency and measurement current

C.1 General

Annex C describes the general concept regarding the charging and discharging efficiency and
measured current, which are specified in 4.1.3, 4.2.3, and 4.3.3.

C.2 Charging efficiency, discharging efficiency, and current

Charge Q after charging or discharging for time ¢ at a constant current 7, stored energy W, and
energy L lost by resistance R are given by Formulas (C.1), (C.2), and (C.3), respectively.

0=1It (C.1)

i (C.2)
2C

L=1%Rt = RQ® (C.3)

When a capacitor is charged or discharged to its full capacity at a constant current according
to Formula (C.2) or (C.3), respectively, the energy efficiency P, for charging or P, for
discharging is given by Formula (C.4) or (C.5), respectively, where R is the internal resistance
and C is the capacitance of the capacitor.

w t
P = = (C.4)
W+ L t+2RC
W —L 2RC
Py = =1— C.5
d - p (C.5)

In this document, the efficiency for charging or discharging is proposed as 95 % after
considering the exothermal effect and time consumption for the measurement. The time ¢
required for charging at 95 % efficiency is given by Formula (C.6) derived from Formula (C.4).

t = 38RC (C.6)

Charge Q stored in a capacitor is given as a product of capacity C and charging voltage U,
thus leading to Formula (C.7). Current I, for 95 % charging is given by Formula (C.8) derived
from Formulas (C.1), (C.6), and (C.7).

0=CU (C.7)
kz%%’ (C.8)
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Similarly, the time ¢ needed for 95 % discharging is given by Formula (C.9) derived from
Formula (C.5), and the current I needed for 95 % discharging is given by Formula (C.10).

t = 40RC (C.9)
1 - v C.10
47 40R (C.10)

Formulas (C.8) and (C.10) are suggested for determining the value of the current for the
charging or discharging test. Once the value of the charging/discharging current is determined,
the maximum output at the target efficiency can be calculated.
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Annex D
(informative)

Procedures for setting the measurement current of capacitor
with uncertain nominal internal resistance

D.1 General

‘ Annex D describes the current setting procedures with uncertain nominal internal resistance
(see 4.1.3, 4.2.3, and 4.3.3).

D.2 Current setting procedures for measurement of capacitor

When the nominal value of internal resistance of a capacitor is uncertain, the current for the
measurement of the capacitor with 95 % charging efficiency and 95 % discharging efficiency
can be set according to the following procedures.

a) Using the estimated value of the internal resistance, measure the time characteristic of the
voltage between the capacitor terminals according to the procedure described in 4.1.3,
and then calculate the internal resistance according to the description in 4.1.5.

| NOTE When the internal resistance is unpredictable, it is recommended to temporarily set
the charging and discharging currents as 30 A.

b) Using the internal resistance value calculated by step a) above, measure the time
characteristic of the voltage between the capacitor terminals according to the procedure
described in 4.1.4 and calculate the internal resistance according to the description in
4.1.6.

c) Repeat the above procedures until the difference between the calculated internal
resistance value and the previous value becomes less than 10 % of the previous value.

However, when 4U; becomes greater than 0,1 Ug, follow procedures a) to c) with a
smaller current and then perform the measurements. When the calculated internal
resistance is a negative value, follow procedures a) to c) with a larger current and then
perform the measurements.

D.3 Example of setting current for determining capacitor characteristics

Table D.1 shows examples of setting the measurement current. The setting was performed in
the order of the setting conditions shown in Table D.1.

Table D.1 — Example of setting current for measurement of capacitor

. Internal resistance value Charging | Discharging Calculated c?r:f:::;?d
Setting used for setting current current capacitance .
condition resistance
mQ A A F

mQ

1 1,5 (estimated) 47,4 45,0 1297 4,6

2 4,6 (calculated with the result of no. 1) 15,4 14,7 1 351 5,0

3 5,0 (calculated with the result of no. 2) 14,2 13,5 1 351 50
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Annex E
(informative)

Endurance cycling test

E.1 General

The endurance cycling test for the capacitor may be carried out by the following procedure.

NOTE The purpose of the endurance cycling test is to demonstrate the performance of the capacitor under the
conditions which will actually occur in service.

E.2 Test method

E.2.1 Test temperature

Test temperature is upper category temperature specified by the manufacturer. Test
temperature is measured at the capacitor cell case.

E.2.2 Test equipment

The charge and discharge device is capable of charging and discharging the capacitor with
the constant current as specified in E.2.3.

During the charge and discharge cycles, the voltage-time curves of all capacitor cells within
the test set-up are monitored.

E.2.3 Preconditioning

The capacitor is charged up to Ur and conducts the constant voltage charging for 30 min.
Then the capacitor is discharged through a suitable discharge device. The capacitor is placed
in the environment at the ambient temperature for a suitable soak period for thermal
equalization.

E.2.4 Initial measurements

The capacitance and internal resistance of the capacitor is measured in accordance with 4.1.

E.2.5 Test steps

Unless otherwise specified, the test consists of the following steps, repeating c¢) through f)
continuously (See Figure E.1) until the end of test criteria is reached:

a) charge up to Ug with constant current of 5 mA/F per cell;

b) continue the constant voltage charging at Ug for 30 min;

c) discharge down to 0,5 Ui with constant current of 50 mA/F per cell;
d) pause for 15 s without charging current;

e) charge up to Ug with constant current of 50 mA/F per cell;

f)  hold for 15 s at constant voltage Ug.
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