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INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization.con
national electrotechnical committees (IEC National Committees). The object of IEC is\to
[national co-operation on all questions concerning standardization in the electrical and electtonic fig
end and in addition to other activities, IEC publishes International Standards, Technical, Specifi
hnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to 3
ication(s)"). Their preparation is entrusted to technical committees; any IEC National €Committee in{
he subject dealt with may participate in this preparatory work. Internationaly/ governmen
governmental organizations liaising with the IEC also participate in this preparation. IEC collg

greement between the two organizations.

formal decisions or agreements of IEC on technical matters express, asnearly as possible, an inter
Eensus of opinion on the relevant subjects since each technical committee has representation
fested IEC National Committees.

Publications have the form of recommendations for internationalyuse and are accepted by IEC |
mittees in that sense. While all reasonable efforts are madéto ensure that the technical contenf
ications is accurate, IEC cannot be held responsible fot the way in which they are used or
nterpretation by any end user.

rder to promote international uniformity, IEC Nationah'Committees undertake to apply IEC Publ
sparently to the maximum extent possible in theif\ national and regional publications. Any div
een any IEC Publication and the corresponding national or regional publication shall be clearly indi
atter.

itself does not provide any attestation of egnformity. Independent certification bodies provide co
pssment services and, in some areas, access to IEC marks of conformity. IEC is not responsible
ices carried out by independent certification bodies.

sers should ensure that they have, thelatest edition of this publication.

iability shall attach to IEC or its directors, employees, servants or agents including individual exp4g
hbers of its technical committees and IEC National Committees for any personal injury, property darf
r damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fe
bnses arising out of the_publication, use of, or reliance upon, this IEC Publication or any oth
ications.

bpensable for the correct application of this publication.

ntion is drafvh.to the possibility that some of the elements of this IEC Publication may be the su
nt rights.(IEC shall not be held responsible for identifying any or all such patent rights.

hprising
romote
Ids. To
Cations,
s "IEC
erested
al and
borates
Ermined

hational
rom all

National
of IEC
for any

cations
brgence
ated in

formity
for any

rts and
hage or
ps) and
er IEC

ntion is drawn to (the 'Normative references cited in this publication. Use of the referenced publicdtions is

bject of

made

has been made. Additions are in green text, deletions are in strikethrough red text.

edline version of the official IEC Standard allows the user to identify the ch
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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 heen improved:
| .

c) the

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

The tg

Full information on the voting for the approval of this International Standard can be fo

description of test procedures in Clause 4 has been clarified;

xt of this International Standard is based on the following documents:
CbhV Report on voting
69/486/CDV 69/539/RVC

ind in

the report on voting indicated in the above table.

This publication has been drafted in accordance with4he’/ISO/IEC Directives, Part 2.

The cpmmittee has decided that the contents of‘this publication will remain unchangefl until
the stability date indicated on the IEC website under "http://webstore.iec.ch" in the¢ data
relatedql to the specific publication. At this date; the publication will be

e reg¢onfirmed,

e wifhdrawn,

o replaced by a revised edition{.or

e anjended.

IMPORTANT - The ‘colour inside' logo on the cover page of this publication indigcates
that jt contains:*colours which are considered to be useful for the cqrrect

undernstanding.‘of its contents. Users should therefore print this document using a

colou

I 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-HEVs 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
doCUmeRtaiF . sio—n .

testing electrical characteristics, and to create an environment that supports the expanding
market of-HEVs electric vehicles and large capacity-EBLCs capacitors. Additiopalpractical
test ifems to be standardized should be reconsidered after technologyy and market
stabiligation of-EBLCs capacitors for-HEVs electric vehicles.-trterms—of Regarding endyrance,
whichl|is important in practical use, just a basic concept is set forth in the informative anpexes.
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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—tayer—eapas jtor—ee hereinafter—referred—to—as—capaci power

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

This document can also be applicable to the capacitor modules_cobsisting of more thgn one
cell.

NOTE |Annex E provides information on endurance cycling test.

2 Noprmative references

Therelare no normative referencé€s'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
addregses;

o |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
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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
voltagg—tV)—at—a—setected—startpoint-for—catcutating—the—characteristics—inctuding—capagitance
under|a state of voltage decrease during discharge

3.5
capagditance
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
I

C
current (A) required to charge a capacitor

3.8
chargjng efficiency
efficiency under specified charging conditions, and ratio (%) of stored energy to gharge
accumnulated electrical energy

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

Note 2 o entry: Refer to Formula €28

3.9
constpnt voltage charging

method-of-charging-arapaciterat-specified—voltage—econtinvously charging during whigh the

voltage is maintaingd-at a constant value regardless of charge current or temperature

3.10
discharge accumulated electrical energy
amourFt 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

3145
remideleapasionees
€N

bl . | Cy | ¥ . i . =
generdlly, at the reference temperature

3.15
internal resistance
combiped resistance (Q) of constituent material specific resistance and inside connection
resistance of a capacitor

3.16

maximum power density

Pdm

Frosdeera—n e o —donoib e fallee o WML that o b coconisend feonn oo ebheopond coplbelior
Generally, it —is—calculated by using the —internal resistance —and the rated vpltage
greatdst electrical power output of a capagitor per mass (W/kg) or volume (W/I)

3.17

nominal internal resistance

Ry

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

3.18
post-freatment-(recovery)

dischdrging and/storage of a capacitor under specified ambient conditions (tempefature,
humidjty, and ‘pressure) after tests

Note 1 |todentry: Generally, post-treatment implies that a capacitor is discharged and stored until ifs inner
temperature” attains thermal equilibrium with the surrounding temperature before its electrical characterisfics 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
ambignt temperature
tempefature 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
highegt ambient temperature-that at which a capacitor is designed to operate continuougly

3.24
voltage maintenance characteristics
voltaabk maintenance characteristics of 2 canacitéravhan ite terminals are onen aftar ehhraing
votagepaiteRahce CchaiaCte dAsStHcS o a3 CapachoMRe R HStefHhRa S aFe openarerGcnaprgiig

ability|of a capacitor to maintain the voltage~With its terminals open, after a specifiefl time
period subsequent to the charging

3.25
voltage maintenance rate

ratio ¢of voltage maintenance
ratio qf the voltage at the open~ended terminals to the charge voltage after a specifief 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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Power supply

Key

Vv

JCICHs

Cx

a)

b)
4.1.2
The tq
constg
betwe
be abl

to medsure the currentiand voltage with accuracy equal to £0,1 %.

The p
efficie

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

st equipment shall be capable of constant current charging, constant voltage chg
nt current discharging,_and continuous measurement of the current and the v

rging,
pltage

bn the capacitor terminals in time-series as shown in Figure 2. The test equipment shall

b to set-and-measuteithe current and the voltage with the accuracy equal to +1 % or les

bwer supply-shall provide the constant charge current for the capacitor charge with

corre
of coaductmg measurements and recording with a-5-mV-resolution—and sampling inte
100 1Q_ms or less.

hcy, set the duration of constant voltage charge, and provide a discharge d

s, and

95 %
urrent

ponding'to the specified discharge efficiency. The DC voltage recorder shall be capable

val of
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Magnified figure

Voltage (V)

2018

Key

41.3

Measl
equipf

a) Pr

Beffore measurement, the capacitors shall be fully charged and fully discharged, an

ind
SP
NO|

NO|
sta

EX
Ch
1
2)

-
-

Time (s)

IEC

ated voltage (V)
Calculation start voltage (V)
Calculation end voltage (V)
oltage drop (V)

Constant voltage charging duration (s)

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

Measurement procedure

rements shall be carried out in accordance with the following procedures using th
hent specified in 4.1.2.

2-conditioning

ubated for 2 h to 6 h under,the-reference ambient temperature,—setat25°C+2-
poified-in-5-2-inHEC-60068~1; or that specified by the related standards.

TE 1 The heat equilibrium time, which provides a reference for the soaking time, is described in An

[TE 2 Charging andgischarging can be repeated if necessary until the capacity and internal resista
bilized.

ANMPLE
hrge and discharge the sample using the current specified by the manufacturer in the following order
fully dissharge;

chargejup to Ug;

3)

e test

H then
PC.—as

hex B.

hce are

dissharge 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)
3)

Set the maximum voltage for constant current charging as the rated voltage Ug.
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) Sct thc DGIIIp:;IIU ;IItUIVG: tu 133 10 LLLE=BAYA] :COD, alld act thc tCOt Cqu;plllcllt b=)
measure the voltage drop characteristics up to 0,5 Ug.
d) Tgst
Acording to the set-up in 4.1.3 c), charge and discharge the sample in thexfollowing

an

4.1.4

The (¢
chara

NOTE

where
C
w

Ur

1 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.

Calculation method for capacitance

apacitance C shall be calculated using Formula (1) based on the voltag
teristics between capacitor terminals-obtained in 4.1.4.

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

2w

C=
(0,9UR)? - (0,7UR)?

s the capacitanee (F) of capacitor;

s the measured discharged energy (J) from calculation start voltage (0,9 U
Calculation end voltage (0,7 Ug);

s the rated voltage (V).

as to

order,

p-time

(1)

4.1.5

—GCalewlation-method-forinternalresistance
mes

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

where
R

1y

AUS

is the internal resistance (Q) of capacitor;
is the discharge current (A);

is the voltage drop (V).

(2)
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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.

(3)

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
calcul gtee-r4-4-5-andFermtta{33
NOTE |This calculation method is called "matched impedance power density method".
2
0,25UR
dm =—
RM
where
Pym |s the maximum power density of capacitor (W/kg or W/I);
Ur [s the rated voltage (V);
R s the calculated internal resistance (Q);
M s the mass or volume of capacitor (kg or |).
4.2 |Voltage maintenance characteristics
4.2.1 Circuit for measurement
Figurg 3 shows the basic circuit for measuring the voltage maintenance characteristics.
Power supply
T T T T T T TRE 1
| a) — |
1 I
1 I
I o
l A L G
l IcE | s
1 I
| 1
I ]
l — 4l
1 P | CV) _ Cx 6/;
1 b) I - <
1 ]
1 I
1 l ]
U, —— 1
: cv : _ \/ 5|
: .
| 1
L e .! 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 characteristics
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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)

T(:(:1>l< ch1 J Toc1 J Time
- -— AN

IEC

Key

Ug rated voltage (V)

T charging duration with 95 % efficiency.(s)
Teq duration of constant voltage charging.(s)
Toen duration-ef-measurement soakipgitime (h)
Ugng 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 usihg the
test etuipment specified in 4.2.2.

a) Prt

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.

nnnr’lifinning

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, = Ur/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\(d. When
the rated value of internal resistance of a capacitor is uncertain, the current for the measurément|/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.
slas i . | ion, . . .
c) Tept
1)| According to the setup in 4.2.3 c), charge the sample in fHe 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 betwegn the
capacitor terminals.

4.2.4 Calculation of voltage maintenance rate

The voltage maintenance rate-A.s calculated by Formula (4).

4="Yend . 100 4)
Ur
where
A is the'veltage maintenance rate (%);
Uang | is'the voltage between open capacitor terminals after 72 h (Toc4) has elapsed;
Ur is—the—ratedvoltage

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 the voltage
between the capacitor terminals in time-series as shown in Figure 5. The test equipment shall


https://iecnorm.com/api/?name=a1cfd30103c5008014b8aed74358c949

IEC 62576:2018 RLV © IEC 2018 -17 -

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.

= A
[
8 U frmmemmewm e
o
> Constant current
discharge
0,5UR |#rsspp———————A o rmmaj ot s e am
f’t}sUR
: Tt ‘ Tovtn ich12 v Tovtz  Tec13 |
- e e e >
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 eurrent charging duration (s) up to Ug
Toviz constantjvoltage 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
2)
3)
4)

fully discharge;
charge up to Ug;
discharge down to 0,5 Ug;

repeat 2) and 3) ten times.

b) Sample setting

Fit

the sample capacitors with the test equipment.

c) Test equipment setup

Unflessotherwise specified by Tetated standards, the testequipment shat-be setjup as

fol
1)

OWS.

Set the constant current for charging from 0 V to 0,5 Ug and from 0,5 Uy te{Ug.
current, the capacitors shall be able to charge with 95 % charging efficiency bag
their nominal internal resistance Ry. The current value is calculated by Y .=Ug/384

2018

At this
ed on

N.

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 efficiencyis\described in Annex 4. 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\41 at 0;5 Ui to 300 s, and T, 45 at Ug
to 10 s.

3)| Set the constant current discharge value. This ¥alue shall allow for a 95 % dischprging
efficiency based on the capacitor’s nominal intérnal 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 4. When
the rated value of internal resistance of‘@-capacitor is uncertain, the current for the measurement|can be
set according to the advisable procedures described in Annex D.

AN Dicscharaina ecan he deamerd complete whan the valtaae hetwean thoa canaecitor

PDischargirg—can—be—deemed——complete—when—the—voltagebetween—the—cagactot
ommabanleonsnoe OB UL

’ R
d) T¢gst
1)| According to the set-up in 4.3.3 c), charge and discharge the sample in the following

order:

— constanticurrent charging up to 0,5 Ug;

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

< constant voltage charging at Ug for 10 s;

— constant current discharging down to U,4 Ugr.

Obtain the charge accumulated electrical energy during Tccqo and Ty 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 ( )

C

where
E; is the energy efficiency (%);

W4 [s the discharged electrical energy (J) during Iccq3 period,
. |s the charged electrical energy (J) during T;qo Plus Tg,4o period.

W4 cap be obtained by Formula (6).

Wy = IIO'SUR 14U (¢)dt (6)
4]

< cah 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

General

2018

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

A.21

Unles

A.2.2

a)

b)

c)

d)

Te
Ap
Te

Pr

Test procedure

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

St temperature: upper category temperature.
plied voltage: rated voltage.
st duration: 1 000 h.

Test procedure

e-conditioning

Beffore measurement, the capacitors shall be fully discharged and then incubated for 2 h

to
sp

Th
sp
Te

Place the capacitors in a ehamber at the upper category temperature and apply the

o)
ca
no
Th
ag
Pa

IniLiaI measurements

6 h under the-reference ambient temperature,—which-shal-be-setat 25 °C =+ 2

capacitance and the internal resistance shall be measured according to the prog
pcified in 4.1.

sting

tage for the specified duration. Charging up to the specified rated voltage sh

minal internal resistance of the capacitors.

e constani.tufrent value or the charging efficiency may be changed according
reementbetween the customer and the supplier.

st-treatment (recovery)

rC.—as

edure

rated
all be

ried out by applying a current that provides 95 % charging efficiency based ¢n the

to the

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%

s the initial internal resistance (Q) before the test;
R; s the internal resistance (Q) after the test.
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Annex B
(informative)

Heat equilibrium time of capacitors

General

2018

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

Presufning that the heat equilibrium-time, which-is the time required for the central portign of a
somosfior o rooelh tho foonocenlaon diiinennen Lo tho cadoenel bocnonsoi s il it e
dosopllonien—ho—tednmnaldlnonsione o hnsroesiion b opnonenfun choneos o tho

| . ‘ . o

The hpat equilibrium time is the time required for the central portiéh” of a capacitor to|reach
the ambient temperature 1 K. It is predicted that this timeJ)depends on the ejxternal
dimengions of the capacitor.

The rgsultant data were obtained by verifying the heat egquilibrium time of the central pgrtions
of capacitors that were subjected to a certain environmental temperature. As a result, |it was
obseryed that the equilibrium time was proportignal to the magnitudes of the external
dimengions such as diameter for cylindrical capacitors and thickness (thinnest side) fon cubic
capac|tors. 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

these
L tis
B.3 a)
tions.

of the|capacitors when soaked to normal reom temperature from a low temperature. In
figure$, the dotted straight lines indicate’ the presumed longest heat equilibrium time
advisgble to use these dotted straight.lines as soaking time for pre-conditioning. Figure
and B|3 b) show the actual measuredtemperature changes in the capacitors’ central pof
= A
2 5
£
g 45 _JA Actual measurements results L
é 4 I
> V4
% 3,5 7
© V4
T 3
Y~
2,5 s
) V4
7
V4 2 A A
1,5
7 A A
1 A
0,5 7
0 L L L >
0 20 40 60 80

The dot

Diameter or thickness (mm)
IEC

ted straight line indicates the presumed longest heat equilibrium time.

Figure B.1 — Heat equilibrium times of capacitors (from 85 °C— to 25 °C)
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0 L | | =
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The dof

IEC

ted straight line indicates the presumed longest heat equilibrium time,

Figure B.2 — Heat equilibrium times of capacitors(from -40 °C— to 25 °C)

=€

a) Temperature changes of capacitors' central

portions (from 85 °C to 25 °C)

The capacitors' dimensions are &51 mm x L 125 mm.
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b) Temperature changes of capacitors' central

portions (from —40 °C to 25 °C)

Figure B.3 — Temperature changes of capacitors' central portions
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Annex C
(informative)

Charging/discharging efficiency and measurement current

General

2018

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

Charg
energ

When
to Fo
dischg
and C

In thi
consid
requir

Charging efficiency, discharging efficiency, and current

e O after charging or discharging for time ¢ at a constant current I, stored ‘energy ¥, and

L lost by resistance R are given by Formulas (C.1), (C.2), and (C.3), respectively|

0=1It

a capacitor is charged or discharged to-its full capacity at a constant current acc
mula (C.2) or (C.3), respectively, the' energy efficiency P, for charging or
rging is given by Formula (C.4) or (€.5), respectively, where R is the internal resi
is the capacitance of the capacitor

w t
Py = =
W+ L t+2RC
W —L 2RC
Py = =1-
/24 t

5 document, the efficiency for charging or discharging is proposed as 95 %
ering ,the exothermal effect and time consumption for the measurement. The
bd\for charging at 95 % efficiency is given by Formula (C.6) derived from Formula

(C.1)

(C.2)

(C.3)

brding
Py for
stance

(C.4)

(C.5)

after
time ¢
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).

(C.7)

(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
chargi i i i i i i mined,
the maximum output at the target efficiency can be calculated.



https://iecnorm.com/api/?name=a1cfd30103c5008014b8aed74358c949

D.1

— 26 —

Annex D
(informative)

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

General

IEC 62576:2018 RLV © IEC 2018

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

When
measl

Current setting procedures for measurement of capacitor

the nominal value of internal resistance of a capacitor is uncertain, the current for the
rement of the capacitor with 95 % charging efficiency and 95 % discharging efficiency

VO
an

NO)
the

Us
ch
de
4.1

b)

reg

Hg
s
res

pe
D.3

Table
the or

can bj
a) Usling the estimated value of the internal resistance, measure theytime characteristic

set according to the following procedures.

tage between the capacitor terminals according to the ,procedure described in
1 then calculate the internal resistance according to the«déscription in 4.1.5.

of the
4.1.3,

TE When the internal resistance is unpredictable, it iSyrecommended to temporailily set

charging and discharging currents as 30 A.
ing the internal resistance value calculated</by step a) above, measure the

time

bracteristic of the voltage between the capagitor terminals according to the progedure

scribed in 4.1.4 and calculate the internal'resistance according to the descrip
.6.

ion in

Repeat the above procedures until (the difference between the calculated internal

istance value and the previous value becomes less than 10 % of the previous valle.

wever, when 4U; becomes greater than 0,1 Ug, follow procedures a) to c)

vith a

aller current and then perform the measurements. When the calculated internal
istance is a negative value, follow procedures a) to c) with a larger current and then

rform the measurements.

Example of setting current for determining capacitor characteristics

D.1 shows €xamples of setting the measurement current. The setting was perforqed in

jer of the‘setting conditions shown in Table D.1.

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

Calculated

Setting
condition

Internal resistance value
used for setting

mQ

Charging
current

A

Discharging
current

A

Calculated
capacitance

F

internal
resistance

mQ

1,5 (estimated)

47,4

45,0

1297

4,6

4,6 (calculated with the result of no. 1)

15,4

14,7

1351

5,0

5,0 (calculated with the result of no. 2)

14,2

13,5

1 351

5,0
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E.1

Annex E
(informative)

Endurance cycling test

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

conditigqns which will actually occur in service. A

E.2

E.2.1 Test temperature (LQ
Test femperature is upper category temperature specified by t@ga\ anufacturer|
tempefature is measured at the capacitor cell case. Q)q/
E.2.2 Test equipment (</C)
;\d\

The charge and discharge device is capable of charging ahd discharging the capacitg
the constant current as specified in E.2.3. Q&
During the charge and discharge cycles, the volt?- ime curves of all capacitor cells
the tegt set-up are monitored. Q

%
E.2.3 Preconditioning $\"Q

The cppacitor is charged up to Uy an@%onducts the constant voltage charging for 3
Then {he capacitor is discharged thrgugh a suitable discharge device. The capacitor is
in thg environment at the ambjent temperature for a suitable soak period for th
equaligation.

E.2.4 Initial measur nts

The capacitance aner)(;anal resistance of the capacitor is measured in accordance with

E.2.5 Test§§

UnIem%ﬁ%{se specified, the test consists of the following steps, repeating c) thro
continp (

a)
b)
c)
d)
e)
f)

N\
Test method Q‘

>

See Figure E.1) until the end of test criteria is reached:

Test

r with

within

0 min.
blaced
ermal

4.1.

ugh f)

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

continue the constant voltage charging at Ug for 30 min;

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

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

hold for 15 s at constant voltage Ug.
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NOTE |Current curve in step f) is not the specified valugxbut shows the result of constant voltage applied.

Figure E.1 — Endurance cycling test steps

E.2.6 Test

The cppacitor is connected testhe charge and discharge device, then start test stdps as
specifled in E.2.3. When the'capacitor has reached the test temperature, the cooling/hating
conditjons are adjusted sg that stabilisation is achieved at this test temperature. After this
initial ptabilization no changes in cooling/heating temperature are permitted.

The cppacitance and-‘internal resistance of the capacitor can be obtained while the tegt step
(cycling) is in_@peration by monitoring voltage-time curves and analysing them. Thelinitial
capac|tance and internal resistance during cycling is taken after the capacitor has reachpd the
thermal equilibrium.

NOTE LIRecapacitance—and—internal—resistance—measurements—during—cycling—might—differ—from—the initial

measurement as specified in E.2.4 and final measurement as specified in E.2.5 due to a different measurement
current.

E.2.7 End of test criteria

The test is finished for a capacitor cell, when the measured value during cycling reaches one
of the following criteria:

— capacitance reaches 80 % of its initial value; or

— internal resistance reaches 150 % of its initial value.

The test may be finished before the specified end of test criteria is achieved depending upon
the agreement between manufacturer and purchaser.
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E.2.8

Post-treatment

The capacitor is placed in the environment at the ambient temperature for a suitable soak
period for thermal equalization (see Annex B).

E.2.9

Final measurement

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

E.2.10

The n

Acceptance criteria

mber of cycles reached is within the range as agreed between the manufactur

the customer. QY

Unles$

value pnd the internal resistance does not exceed 150 % of the specified valg\

No vigible damage and no electrolyte leakage is observed.

Y
otherwise specified, the capacitance is not less than 80 % of the ir‘@;gg‘mea

v

r and

sured
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRIC DOUBLE-LAYER CAPACITORS FOR USE IN
HYBRID ELECTRIC VEHICLES - TEST METHODS
FOR ELECTRICAL CHARACTERISTICS
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nterpretation by any end user.

rder to promote international uniformity, IEC NationaN'Committees undertake to apply IEC Publ
sparently to the maximum extent possible in theif\national and regional publications. Any div
een any IEC Publication and the corresponding national or regional publication shall be clearly indi
atter.
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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).
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The text of this International Standard is based on the following documents:

CDV 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 cpmmittee has decided that the contents of this publication will remain unchangefl until
the stability date indicated on the IEC website under "http://webstore.iec.ch" in_the data
relatedl to the specific publication. At this date, the publication will be

e re¢onfirmed,

° wilhdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The 'colour inside' logo on the cover page of this publication indigcates
that jt contains colours which are considered.\‘to be useful for the cqrrect

undernstanding of its contents. Users should thérefore print this document using a

colou

I printer.
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INTRODUCTION

The electric double-layer capacitor (capacitor) is used as an energy storage system for
vehicles. Capacitor-installed electric vehicles are commercialized with an eye to improving
fuel economy by recovering regenerative energy, and by peak power assistance during
acceleration, etc. Although standards for capacitors already exists (IEC 62391 series), those
for 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 capacitors. With these points in mind, this document
aims to provide basic and minimum specifications in terms of the methods for testing
electriea haracteristies—and-te cate—aR-eRvreRmen Ao PO he-expandirgrmarket of
electric vehicles and large capacity capacitors. Additional practical test items
standardized should be reconsidered after technology and market stabilization of,capaci
for elgctric vehicles. Regarding endurance, which is important in practical usg, 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—tayer—eapas jtor—ee hereinafter—referred—to—as—capaci power
assistance in hybrid electric vehicles.

All th

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

This document can also be applicable to the capacitor modules_consisting of more thgn 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
addresgses:

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

e |ISO Online browsing platform: available at http://www.iso.org/obp
3.1

ambignt temperature
tempefrature)of the air, in the immediate vicinity of a capacitor

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

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


http://www.electropedia.org/
http://www.iso.org/obp
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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) requiredtochargea—capacitot

3.8
chargjng efficiency
efficiency under specified charging conditions, and ratio (%) of stored energy to gharge
accumnulated electrical energy

Note 1 jo entry: This value is calculated from the internal resistance of a capacitor,

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

3.9
constpnt voltage charging
charging during which the voltage is maintained at a.eonstant value regardless of gharge
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'd capacitor

3.12
discharging efficiency
efficiency under specified discharging conditions, and ratio (%) of discharge accumfulated
electrical energy to'\stored energy

Note 1 fo entry:« \ILhis value is calculated from the internal resistance of a capacitor.

Note 2 jo entry! Refer to Formula C.10.

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

E¢

ratio (%) of discharge accumulated electrical energy to charge accumulated electrical energy
under specified charging and discharging conditions
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3.15
intern

al resistance

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

3.16

maximum power density

Pdm

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

3.17
nomin
Ry

rat-intermatresistance

nomingpl value of the internal resistance (Ry) to be used in design and measurement\condition

setting

3.18

disch
humid

Note 1
temper:
measur

3.19

(Q), generally at the ambient temperature

rging and storage of a capacitor under specified ambient conditions (tempe
ty, and pressure) after tests

post-%reatment

ture attains thermal equilibrium with the surrounding temperature_before its electrical characteris|
ed.

pre-chnditioning

chargi
(temp

Note 1
temperg
measur,

3.20
rated
Ur
maxin
categq
chara

Note 1

Note 2

3.21

g and discharging and storage of a capacitor under specified ambient con
prature, humidity, and pressure) before testing.

to entry: Generally, pre-conditioning implies that a capacitor is discharged and stored until i
ture attains thermal equilibrium with the _surrounding temperature, before its electrical characteris
bd.

voltage
um DC voltage (V) that may be applied continuously for a certain time under the
teristics

o entry: This voltage is the setting voltage in capacitor design.

o entry: \\'Fhe endurance test using the rated voltage is described in Annex A.

ambie
tempe

3.22

nftemperature

ature,

to entry: Generally, post-treatment implies that a capacitor is «diSecharged and stored until ifs inner

ics are

ditions

s inner
tics are

upper

ry temperature {02a capacitor so that a capacitor can exhibit specified d¢mand

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

stored energy
energy (J) stored in a capacitor

3.23
upper

category temperature

highest ambient temperature at which a capacitor is designed to operate continuously

3.24

voltage maintenance characteristics
ability of a capacitor to maintain the voltage, with its terminals open, after a specified time

period

subsequent to the charging
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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 methods

4.1 Capacitance, internal resistance, and maximum power density

411 Circuit for measurement

The chacitance and the internal resistance shall be measured by using the constantdurrent
and constant voltage charging and the constant current discharging. Figure 1 shows-thg basic
circuit{to be used for the measurement.

Power supply

1 I

1 1

| 1

1 I

| |

| |

| |

1 I

1 I

I ! b
1 I

| L ! sl
I | ___ Cx
LB [

1 I

| |

| 1

| I

1 I

| |

1 |

| I

1 I

Ucv e -
L 1 IEC

Key

Iec constant-current

Ugy constant-voltage
DC ammeter

@ DC voltage recorder

S changeover switch

Cx capacitor_tnder test

@ constant elrrent discharger

a) constant current charging

b) constant voltage charging

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

4.1.2 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 the voltage
between the capacitor terminals in time-series as shown in Figure 2. The test equipment shall
be able to set the current and the voltage with the accuracy equal to £1 % or less, and to measure
the current and voltage with accuracy equal to 0,1 %.

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
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corresponding to the specified discharge efficiency. The DC voltage recorder shall be capable

of con

ducting measurements and recording with a sampling interval of 10 ms or less.

™
)
<

U1 [~~~ ”:L ”””””””

Magnified figure

Voltage (V)
2

41.3

MeaslU
equipr

a) Pr

Beffore measurement, the capacitors shall be fully charged and fully discharged, an

ind
stg
NO|

NO|
sta

EX
Ch

o
-

Time (s)

=

ated voltage (V)
Calculation start voltage (V)
Calculation end voltage (V)
oltage drop (V)

Constant voltage charging duration (s)

Figure 2 — Voltage—time characteristics between capacitor terminals
in capacitance and internabresistance measurement

Measurement procedure

rements shall be carried out in.accordance with the following procedures using th
hent specified in 4.1.2.

e-conditioning

ubated for 2 h toS63h under the ambient temperature or that specified by the n
ndards.

TE 1 The heatlequilibrium time, which provides a reference for the soaking time, is described in An

TE 2 Char@ing and discharging can be repeated if necessary until the capacity and internal resista
bilized.

AMPLE

hrge”’and discharge the sample using the current specified by the manufacturer in the following order

e test

i then
elated

hex B.

nce are

1)
2)
3)
4)

TUlly discharge,
charge up to Upg;
discharge down to 0,5 Ukg;

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

fol

lowing 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
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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)
3)

Set the maximum voltage for constant current charging as the rated voltage Ug.
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

ThU bUIIDtaIIt uullcllt VG:UC Ul thc d;ouhalyilly cfl‘;u;cuuy |||a_y bc uhallycd beUl\.ing tO
the agreement between the customer and the supplier.
5)| Set the sampling interval to 10 ms or less, and set the test-equipment-so|as to
measure the voltage drop characteristics up to 0,5 Ug.
d) Test
Acpording to the set-up in 4.1.3 c), charge and discharge the samplg it the following order,

an

4.1.4

The (¢
chara

NOTE

where
C
w

Ur
4.1.5
The i

1 measure the voltage between the capacitor terminals as showf-in Figure 2:
constant current charging up to Ug;

constant voltage charging at Uy for 300 s;

constant current discharging down to 0,4 Ug.

Calculation method for capacitance

apacitance C shall be calculated using :Formula (1) based on the voltag
teristics between capacitor terminals obtained in 4.1.4.

This calculation method is called "energy conyersion capacitance method".

2w
G5 2 2
(0,9URr)” -(0,7UR)

s the capacitance (k) of capacitor;

s the measured discharged energy (J) from calculation start voltage (0,9 U
calculation endwoltage (0,7 Ug);

s the rated)voltage (V).
Calcutation method for internal resistance

ternal resistance R shall be calculated using Formula (2) based on the voltag

p-time

(1)

e-time

4 okt Lo o ik 4 H 1 Jor s [ 44 A
CharablUllbllbb PDCLWCETIT Lapalltur terimiimdalis ouiaimicu T 5. 1.5,
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where
R

Iy

AU4

is the internal resistance (Q) of capacitor;
is the discharge current (A);

is the voltage drop (V).

(2)

To obtain AU3, apply the straight-line approximation to the voltage drop characteristics from

the ca[_I_l_l_l_rl_('U'E‘U_)‘l_t'h_l_l_lﬁ_n_('UW_)‘hHﬂcu ation start voltage (U,9 URJ 1o the calculation end voltage (0,7 Ug) Dy using least
squarés method. Obtain the intercept (voltage value) of the straight line at the dischargge start

time.
value

NOTE
4.1.6

The 1
calcul

NOTE

4.2
4.2.1

Figure

NU5 is the difference of voltages (V) between the intercept voltage value<and t
bf constant voltage charging.

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

naximum power density Py, is calculated by using tlie, internal resistance
pted in 4.1.5 and Formula (3).

This calculation method is called "matched impedance powerdensity method".

0,25Uk?
am =R

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

s the calculated internal resistance (Q);

s the mass or volume of capacitor (kg or I).

Voltage maintenance characteristics
Circuit for measurement

3 shows {he*basic circuit for measuring the voltage maintenance characteristics.

ne set

value

3)
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Power supply

| |
| a) —e |
| |
1 |
1 |
: A S T
R I S
| |
1 |
1 |
: — o
| P | CV) - Cx @9
1 b) I = -
1 |
1 |
1 |
1 U, — [
I Yev : N \J 5
i i
1 |
'\ ! IEC
Key
Iec constant-current
Ugy constant-voltage
Vo DC voltmeter
S changeover switch
Cx capacitor under test
a) constant current charging
b) constant voltage charging

Higure 3 — Basic circuit for measuring the voltage maintenance characteristicg

4.2.2 Test equipment

The tgst equipment shall be capable of cofistant current charging, constant voltage chgrging,
and continuous measurement of the voltage between the capacitor terminals in time-seifies as
showrl in Figure 4. The power supply shall provide the constant charge current fpr the
capac|tor 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 ac¢uracy
equal [to £1 % or less.

The OC voltage recorders V1 and V2 shall have a resolution of 5 mV or less for vpltage
measyrement. The @nput impedance of the recorder shall be sufficiently high s¢ that
measyrement errors, are negligible.
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S |

)

)}

8

o

> Ur
Uend

4.2.3

The m

test equipment specified in 4.2.2.

a) Pr

Beffore measurement, the capacitors shall be fully charged and fully discharged, an

ind
stg
NO|

NO|
sta

EX
Ch
1
2)

ch1>l< ch1 J Toc1 J Time
- -

IEC

rated voltage (V)
charging duration with 95 % efficiency (s)
duration of constant voltage charging (s)
soaking time (h)

voltage when Ty, is 72 h (V)

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

Measurement procedures

easurements shall be carried out in accordance with the following procedures usi

e-conditioning

ubated for 2 h to 6 h under the ambient temperature or that specified by the n
ndards.

TE 1 The heat equilibrium time, which provides a reference for the soaking time, is described in An

[TE 2 Charging and(discharging can be repeated if necessary until the capacity and internal resista
bilized.

AMPLE
hrge and discharge the sample using the current specified by the manufacturer in the following order
fully discharge;

charge’up to Ug;

hg the

d then
elated

hex B.

nce are

3)
4)
b) Sa
Fit

discharge down to 0.5 UR'

repeat 2) and 3) ten times.
mple setting
the sample capacitors with the test equipment.
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c) Test equipment setup

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

fol
1)

d) Te

2)

4.2.4

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

4.3
4.3.1

The 4
dischg

lowing manner.

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 /7, = Ur/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.

Set the maximum voltage for constant current charging to the rated voltage Ug-.
Set the duration of constant voltage charging T, to 300 s.

St

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.

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

Calculation of voltage maintenance rate

4=Yeldd 100 (4)
UR

is the voltage maintenance rate (%);
is the voltage between open capacitor terminals after 72 h (Tyc4) has elapsed,;
is the rated voltage (W).

Energy efficiency
Circuit for test

nergy gefficiency test shall be conducted by the constant current charging and
rging..Rigure 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 the voltage
between the capacitor terminals in time-series as shown in Figure 5. The test equipment shall

be abl
less.

e to set and measure the current and the voltage with an accuracy equal to +1 % or

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

corres
of con
100 m

ponding to the specified discharge efficiency. The DC voltage recorder shall be capable
ducting measurements and recording with a 5 mV resolution and sampling interval of
s or less.
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Tecto constant current charging duration (s} upjto Ug
Tovizo constant voltage charging duration.(s)"at Ug
Tocts 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 measurementsishall 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, anfl then

incubated for 2 h to 6 h under the ambient temperature 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.

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 Uy;
4) repeat 2) and 3) ten times.
b) Sample setting

Fit the sample capacitors with the test equipment.
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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 Ug and from 0,5 Uy to Ug. 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 I,=Ug/38Ry.

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

to the

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
set according to the advisable procedures described in Annex D.

can be

2)
3)
d) Td
1)
2)
4.3.4

Set the duration of constant voltage charging 7y44 at 0,5 Ui to 300 s, and Tgyqg at Ug
to 10 s.
Set the constant current discharge value. This value shall allow for a 95‘% dischprging
efficiency based on the capacitor’s nominal internal resistance Ry and\is calculated by
The constant current value or the discharging efficiency may he 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 4. 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.
st
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 0,6 Ug up to Ug;
— constant voltage charging at Ug for 10 s;
— constant current discharging down to 0,4 Ug.
Obtain the charge accumulated electrical energy during Tccqo and Tgyqo and the
discharge accumulated electrical energy during Tccq3-

Calculation of energy efficiency

The energy efficiency)E; can be obtained by Formula (5) based on the voltage-tim

curren

t-time characteristics between 0,5 Ug to Ug.

£ =24 100
7,

[

le and

(5)

where

E; is the energy efficiency (%);

W4 is the discharged electrical energy (J) during T¢cq3 period;

W,

. is the charged electrical energy (J) during Ti..4, plus T, ¢, period.

W4 can be obtained by Formula (6).
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W can be obtained by Formula (7).

- 19—

t
Wy = J. OSUR U (t)dt
0]

t
Wy = J R 1.U(t)dr
to

(6)

(7)
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Annex A
(informative)

Endurance test: continuous application of rated voltage
at high temperature

General

2018

Annex A describes the endurance test for continuous application of rated voltage at high

tempe

rature that is a factor to define the rated voltage in 3.20.

A.2

A.2.1
Unles

- Te
— Ap
— Te

A.2.2
a) Pr

Test procedure

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

St temperature: upper category temperature.
plied voltage: rated voltage.
st duration: 1 000 h.

Test procedure

e-conditioning

Beffore measurement, the capacitors shall be fully discharged and then incubated for 2 h

to

b) Initial measurements

The capacitance and the internal resij§tance shall be measured according to the prog
specified in 4.1.

c) Tgsting
Place the capacitors in a chamber at the upper category temperature and apply the

o)
ca
no
Th
ag

d) Pg

Affer the. test is complete, remove the capacitors from the test chamber, disg

co

b h under the ambient temperature.

tage for the specified“duration. Charging up to the specified rated voltage sh

minal internal resistance of the capacitors.

e constant current value or the charging efficiency may be changed according
feement between the customer and the supplier.

st-treatment (recovery)

mpletely and soak them at the ambient temperature for 2 h to 6 h.

edure

rated
all be

rried out by applying a current that provides 95 % charging efficiency based ¢n the

to the

harge

e) Fir

1al 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.

Ci -G

AC = x100<20%
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where
C.

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

is the initial capacitance (F) before the test;

%MOO«SO%

AR =

where
R.

i is the initial internal resistance (Q) before the test;

R; s-the-internalresistance {0} after the tast



https://iecnorm.com/api/?name=a1cfd30103c5008014b8aed74358c949

B.1

- 22 -

Annex B
(informative)

Heat equilibrium time of capacitors

General
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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
the ambient temperature +1 K. It is predicted that this time depends(on the e
dimengions of the capacitor.

The rgsultant data were obtained by verifying the heat equilibrium time-of the central pq
of capacitors that were subjected to a certain environmental tempé&rature. As a result,
obseryed that the equilibrium time was proportional to the \magnitudes of the e
dimengions such as diameter for cylindrical capacitors and thicknhess (thinnest side) fon
capac|tors. Figure B.1 shows the heat equilibrium times pef:\the capacitors when soa

reach
ternal

rtions
it was
ternal
cubic
ed to

normal room temperature from a high temperature. Figure-B.2 shows the heat equilibriug time

these
L tis
B.3 a)
tions.

of the|capacitors when soaked to normal room tempefature from a low temperature. In
figure$, the dotted straight lines indicate the presumed longest heat equilibrium time
advisgble to use these dotted straight lines as sqaking time for pre-conditioning. Figure
and B|3 b) show the actual measured temperature*changes in the capacitors’ central pof
= A
@ 5
£
g 45 _JA Actual measurements results L
é 4 #a
& v 4
2 %5 ’
3 V4
3
I / :
26 £
) v 4
y 4
7 2 A A
1,5
7 A A
1 A
0,5 =
0 L I L .
0 20 40 60 80
Diameter or thickness (mm)

IEC

The dotted straight line indicates the presumed longest heat equilibrium time.

Figure B.1 — Heat equilibrium times of capacitors (from 85 °C to 25 °C)
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ted 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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b) Temperature changes of capacitors' cen
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rral

bortions.
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The capacitors' dimensions are @51 mm x L 125 mm.
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P
(from -40 °C to 25 °C)

Figure B.3 — Temperature changes of capacitors' central portions
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Annex C
(informative)

Charging/discharging efficiency and measurement current

General

2018

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

Charg
energ

When
to Fo
dischg
and C

In thi
considg
requir

Charging efficiency, discharging efficiency, and current

e O after charging or discharging for time ¢ at a constant current I, stored ‘energy ¥, and

L lost by resistance R are given by Formulas (C.1), (C.2), and (C.3), respectively|

0=1It

a capacitor is charged or discharged to-its full capacity at a constant current acc
mula (C.2) or (C.3), respectively, the energy efficiency P. for charging or
rging is given by Formula (C.4) or (C.5), respectively, where R is the internal resi
is the capacitance of the capacitor:

w t
PC: =
W+L t+2RC
w—L 2RC
Py = =1-
w t

5 document, the efficiency for charging or discharging is proposed as 95 %
ering ythe exothermal effect and time consumption for the measurement. The

(C.1)

(C.2)

(C.3)

brding
Py for
stance

(C.4)

(C.5)

after
time ¢

bd 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

U

Io=——
€~ 38R

(C.7)

(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).

¢ = 40RC (C.9)
Ig=—2 C.10
47 40R (C.10)

Formulas (C.8) and (C.10) are suggested for determining the value of the current for the

chargwmwrmmmnm@mmmmed,
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

General
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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

When
measl

Current setting procedures for measurement of capacitor

VO
an

can bj
a) Usling the estimated value of the internal resistance, measure theytime characteristic

set according to the following procedures.

tage between the capacitor terminals according to the ,pgrocedure described in
1 then calculate the internal resistance according to the«déscription in 4.1.5.

the nominal value of internal resistance of a capacitor is uncertain, the current for the
rement of the capacitor with 95 % charging efficiency and 95 % discharging efficiency

of the
4.1.3,

Wihen the internal resistance is unpredictable, it is recommended to temporarily get the

ch

Us
ch
de
4.1

b)

reg

Hg
s
res

pe
D.3

Table
the or

arging and discharging currents as 30 A.
ing the internal resistance value calculated<by step a) above, measure the

scribed in 4.1.4 and calculate the internal'resistance according to the descrip
.6.

wever, when 4U; becomes greater than 0,1 Ug, follow procedures a) to c)

rform the measurements.

Example of setting current for determining capacitor characteristics

jer of the‘setting conditions shown in Table D.1.

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

time

bracteristic of the voltage between the capagitor terminals according to the progedure
ion in

Repeat the above procedures until (the difference between the calculated internal

istance value and the previous value becomes less than 10 % of the previous valle.

ith a
aller current and then perform the measurements. When the calculated internal
istance is a negative value, follow procedures a) to c) with a larger current and then

D.1 shows €xamples of setting the measurement current. The setting was perforqed in

Calculated

Setting
condition

Internal resistance value
used for setting

mQ

Charging
current

A

Discharging
current

A

Calculated
capacitance

F

internal
resistance

mQ

1,5 (estimated)

47,4

45,0

1297

4,6

4,6 (calculated with the result of no. 1)

15,4

14,7

1351

5,0

5,0 (calculated with the result of no. 2)

14,2

13,5

1351

5,0
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E.1

Annex E
(informative)

Endurance cycling test

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

conditigns which will actually occur in service.

E.2

E.2.1 Test temperature

Test
tempefrature is measured at the capacitor cell case.

E.2.2 Test equipment

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

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

E.2.3 Preconditioning

The chpacitor is charged up to Ugr and-conducts the constant voltage charging for 3
Then the capacitor is discharged through a suitable discharge device. The capacitor is
in thg environment at the ambient temperature for a suitable soak period for th
equaligation.

E.2.4 Initial measurements

The capacitance andinternal resistance of the capacitor is measured in accordance with

E.2.5 Test steps

Unles$ otherwise specified, the test consists of the following steps, repeating c) thro
continuously (See Figure E.1) until the end of test criteria is reached:

a)
b)
c)
d)
e)
f)

Test method

femperature is upper category temperature specified by the\ manufacturer.

Test

r with

within

0 min.
blaced
ermal

4.1.

ugh f)

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

continue the constant voltage charging at Ug for 30 min;

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

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

hold for 15 s at constant voltage Ug.
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NOTE [Current curve in step f) is not the specified valu€,\but shows the result of constant voltage applied.

Figure E.1 — Endurance cycling test steps

E.2.6 Test

The cppacitor is connected tosthe charge and discharge device, then start test stgps as
specifled in E.2.3. When the'‘capacitor has reached the test temperature, the cooling/heating
conditjons are adjusted sg that stabilisation is achieved at this test temperature. Aftgr this
initial ptabilization no changes in cooling/heating temperature are permitted.

The capacitance and’internal resistance of the capacitor can be obtained while the tedt step
(cycling) is in_operation by monitoring voltage-time curves and analysing them. The|initial
capac|tance and internal resistance during cycling is taken after the capacitor has reachgd the
thermal equilibrium.

NOTE LThe—sapacitance—an d—internal—resistance—measuremenis—dy rnn &Y I7-SH Ag mnh4 differ—from—th initial

SpaGHadt Her +Stat HeaSHH

measurement as specmed in E.2.4 and final measurement as specmed |n E. 2 5 due to a different measurement
current.

E.2.7 End of test criteria

The test is finished for a capacitor cell, when the measured value during cycling reaches one
of the following criteria:

— capacitance reaches 80 % of its initial value; or

— internal resistance reaches 150 % of its initial value.

The test may be finished before the specified end of test criteria is achieved depending upon
the agreement between manufacturer and purchaser.
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Post-treatment

The capacitor is placed in the environment at the ambient temperature for a suitable soak

period

E.2.9

for thermal equalization (see Annex B).

Final measurement

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

E.2.10

The n

Acceptance criteria

mber of cycles reached is within the range as agreed between the manufactur

the customer.

Unles$ otherwise specified, the capacitance is not less than 80 % of the initial mea
value pnd the internal resistance does not exceed 150 % of the specified value:

No vigible damage and no electrolyte leakage is observed.

r and

sured
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

CONDENSATEURS ELECTRIQUES A DOUBLE COUCHE POUR
VEHICULES ELECTRIQUES HYBRIDES — METHODES D'ESSAI
DES CARACTERISTIQUES ELECTRIQUES

AVANT-PROPOS

1) La
con
objs
de |
des
Gui
trav
inte
trav
con

2) Les
du
inté

3) Les
com
s'as]
I'év

Commission Electrotechnique Internationale (IEC) est une organisation mondiale de narma
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La Norme internationale IEC 62576 a été établie par le comité d'études 69 de 'lEC: Véhicules
électriques destinés a circuler sur la voie publique et chariots de manutention électriques.

Cette deuxiéme édition annule et remplace la premiére édition parue en 2009. Cette édition
constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a) des informations sur le champ d'application du présent document ont été ajoutées dans
I'Article 1;

b) les définitions de certains termes de I'Article 3 ont été améliorées;

c) la

description des procédures d'essai de I'Article 4 a été clarifiée;
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d) des informations sur I'essai cyclique d'endurance ont été ajoutées (Annexe E).

Le texte de cette Norme internationale est issu des documents suivants:

CDV Rapport de vote
69/486/CDV 69/539/RVC

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant
abouti a I'approbation de cette Norme internationale.

Cette publication a été rédigée selon les Directives ISO/IEC, Partie 2.

Le comité a décidé que le contenu de cette publication ne sera pas modifié avant la date de
stabilifé indiquée sur le site web de I'lEC sous "http://webstore.iec.ch" dans les données
relativies a la publication recherchée. A cette date, la publication sera

e reg¢onduite,
e supprimée,
e remplacée par une édition révisée, ou

e anjendée.

IMPORTANT - Le logo "colour inside" qui se trouve sur la page de couverture de [cette
publigation indique qu'elle contient des couleurs qui sont considérées comme uttes a
une bpnne compréhension de son contenu.Les utilisateurs devraient, par conséquent,
imprimer cette publication en utilisant une.imprimante couleur.
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INTRODUCTION

Le condensateur électrique a double couche (condensateur) est utilisé comme systéme de
stockage d'énergie pour les véhicules. Des véhicules électriques équipés de condensateurs
sont commercialisés dans le but de réduire la consommation de carburant grace a la
récupération des énergies et a I’'assistance en puissance de créte lors de I'accélération, etc.
Bien qu’il existe déja des normes sur les condensateurs (série IEC 62391), celles sur les
véhicules électriqgues mettent en ceuvre des modéles d'utilisation, un environnement
d'utilisation et des valeurs de courant qui sont assez différents de ceux qui sont prévus dans
les normes existantes. Des méthodes d'essai et d'évaluation normalisées sont utiles tant aux
constructeurs automobiles qu’aux fournisseurs de condensateurs pour accélérer le
dévelgppermen etta—+éduecton—de otHs—de—ee srdensateurs—Dan eHe—perspeetve, la
présemte norme a pour but de fournir des spécifications minimales et de base relativgs aux
métholdes d’essai des caractéristiques électriques et de créer un environnement favoraple au
dévelgppement du marché des véhicules électriques et des condensateurs “de drande
capacl|té. Il convient de réexaminer des points d’essai pratiques complémentaifes a
normaliser aprés la stabilisation de la technologie et du marché des condensateurs pqur les
véhiclles électriques. En ce qui concerne I’endurance, considérée comme importantd dans
I'utilisgtion pratique, seule la notion fondamentale est énoncée dans les‘annexes informatives.
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CONDENSATEURS ELECTRIQUES A DOUBLE COUCHE POUR
VEHICULES ELECTRIQUES HYBRIDES — METHODES D'ESSAI
DES CARACTERISTIQUES ELECTRIQUES

1 Domaine d’application

Le présent document décrit les méthodes d'essai des caractéristiques électriques des cellules

de Coﬁrlnnoﬁi-nnr Alactriaua—a double couche(cianras dAanomma_"condancataur™) ||I-Ilsées
uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu tor—apres—aenor i e—eoaernSateuat——ot

pour l'lassistance en puissance de créte dans les véhicules électriques hybrides.

Tous les essais décrits dans le présent document sont des essais de type.

Le prgsent document peut également s’appliquer aux condensateurs- utilisés dans les
systémes de réduction de la marche au ralenti (systémes de mise en veille) pour les véhicules.

Le présent document peut également s’appliquer aux modules delcondensateurs constitués
de plusieurs cellules.

NOTE [L'Annexe E donne des informations relatives a I'essai cyclique d'éndurance.
2 Reférences normatives

Le prdsent document ne contient aucune référence normative.

3 Termes et définitions
Pour Ies besoins du présent document, les termes et définitions suivants s'appliquent.

L'ISO [et I'lEC tiennent & jour des bases de données terminologiques destinées a étre ut|lisées
en noimalisation, consultables aux adresses suivantes:

e |EC Electropedia: disponible a I'adresse http://www.electropedia.org/

e |ISO Online browsing platform: disponible a I'adresse http://www.iso.org/obp
3.1

tempédrature’ambiante
températureyde I'air dans I’environnement immédiat d’'un condensateur

3.2
tension appliquée
tension (V) appliquée entre les bornes d'un condensateur

3.3

tension de fin de calcul

tension (V) a un point choisi pour la fin du calcul des caractéristiques, comprenant notamment
la capacité dans des conditions d'affaiblissement de la tension pendant la décharge

3.4

tension de début de calcul

tension (V) a un point choisi pour le début du calcul des caractéristiques, comprenant
notamment la capacité dans des conditions d'affaiblissement de la tension pendant la
décharge
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3.5
capacité
aptitude d'un condensateur a emmagasiner une charge électrique (F)

3.6
énergie électrique accumulée pendant la charge
quantité d'énergie (J) chargée, accumulée du début a la fin de la mise en charge

3.7
courant de charge
IC

couramt (A) extgépourchargerumcondensateut

3.8

rendement de charge
rendement dans des conditions de charge spécifiées et rapport (en pour cent) de I'épergie
emmalgasinée a I'énergie accumulée pendant la charge

Note 1 p I'article: Cette valeur est calculée a partir de la résistance interne d'un condénsateur.

Note 2 p I'article: Se référer a la Formule C.8.

3.9
chargp a tension constante
mise gén charge au cours de laquelle la tension est mainteénue a une valeur constante gpel(le)
que s@it le courant ou la température de la charge

3.10
énergje électrique accumulée pendant la décharge
quantité d'énergie (J) déchargée, accumulée*du début a la fin de la décharge

3.11
courant de décharge
Iy
couranmt (A) exigé pour décharger-un condensateur

3.12
rendement de décharge
rendement dans des(conditions de décharge spécifiées et rapport (en pour cent) de I'éphergie
accunulée pendantila décharge a I'énergie emmagasinée

Note 1 B l'article;\_Cette valeur est calculée a partir de la résistance interne d'un condensateur.

Note 2 p l'article: Se référer a la Formule C.10.

3.13
condensateur électrique a double couche

condensateur

dispositif qui emmagasine de I'énergie électrique a l'aide d’'une double couche dans une
cellule électrochimique et dont les électrodes positive et négative sont fabriquées avec le
méme matériau

Note 1 a l'article: Les condensateurs traités dans le présent document ne comprennent pas les condensateurs
électrolytiques.

3.14

rendement en énergie

E¢

rapport (en pour cent) de I'énergie électrique accumulée pendant la décharge a I'énergie
électrique accumulée pendant la charge dans des conditions de mise en charge et de
décharge spécifiées
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résistance interne
résistance (QQ) combinée de la résistance spécifique au matériau constituant le condensateur

et de

3.16

la résistance des connexions internes d'un condensateur

puissance volumique maximale

Pdm

puissance de sortie maximale d’'un condensateur par masse (W/kg) ou par volume (W/I)

3.17

résistpnce-intermenomimate

Ry

valeurl nominale de la résistance interne (Ry) a utiliser lors de la conception
I'établlssement des conditions de mesure (Q), en général a température ambiante

3.18

post-tlraitement

décharge et entreposage d'un condensateur dans des conditions~ambiantes spé

(température, humidité et pression) apres les essais

Note 1

B I'article: En régle générale, le post-traitement implique de décharger et d’entreposer le conde

jusqu'alce que sa température interne ait atteint I'équilibre thermique avec la température ambiante, a
mesuref ses caractéristiques électriques.

3.19

préconditionnement

charg

¢, décharge et entreposage d'un condensateur dans des conditions amb

spécif|ées (température, humidité et pression) avant les essais

Note 1

a larticle: En regle générale, le préconditionnement implique de décharger et d’entrep

condengateur jusqu'a ce que sa température interne ait atteint I'équilibre thermique avec la température an
avant dp mesurer ses caractéristiques électriques.

3.20

tensign assignée

Ur

tensioh (V) continue maximale pouvant étre appliquée en continu a un condensateur psg
une certaine durée, a laitempérature de catégorie supérieure, de sorte que le conden
puissqg afficher des caractéristiques de puissance spécifiées

et de

Cifiées

nsateur
ant de

iantes

bser le

biante,

ndant
sateur

Note 1 p l'article: Cette tension est la tension de réglage nominale du condensateur.

Note 2 f I'articles~L'essai d'endurance utilisant la tension assignée est décrit a ’Annex A.

3.21

température ambiante

température de 'air a proximité du dispositif en essai, dans le présent document, c’est-a-dire
a(25+2)°C

3.22

énergie emmagasinée
énergie (J) emmagasinée dans un condensateur

3.23

température de catégorie supérieure
température ambiante maximale au-dela de laquelle le fonctionnement en continu d'un
condensateur n'est pas prévu
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3.24

caractéristiques de maintien de la tension

capacité d'un condensateur a maintenir la tension lorsque ses bornes sont ouvertes aprés un
laps de temps spécifié consécutif a la mise en charge

3.25

taux de maintien de la tension

rapport de maintien de la tension

rapport entre la tension aux bornes ouvertes et la tension de charge aprés un laps de temps
spécifié consécutif a la mise en charge d'un condensateur

4 Mgthodes d’essai

4.1 Capacité, résistance interne et puissance volumique maximale
4.1.1 Circuit utilisé pour le mesurage
La capacité et la résistance interne doivent étre mesurées en utilisant ta charge a cpurant

constant et a tension constante et la décharge a courant constant. ka_Figure 1 représégnte le
circuit|/de base a utiliser pour le mesurage.

Alimentation

S 1 IEC

Légende

Iee alimentation stabilisée en courant

Ugy alimentationstabilisée en tension
ampérémetre a courant continu
@ voltmétre enregistreur a courant continu
S commutateur

Cx condensateur en essai

@ déchargeur a courant constant

a) charge a courant constant

b) charge a tension constante

Figure 1 — Circuit de base pour le mesurage de la capacité, de la résistance interne
et de la puissance volumique maximale

4.1.2 Equipement d’essai

L'équipement d'essai doit étre capable d'effectuer la mise en charge a courant constant, la
mise en charge a tension constante, la décharge a courant constant et le mesurage en
continu du courant et de la tension entre les bornes du condensateur, en séries
chronologiques, comme représenté a la Figure 2. L'équipement d'essai doit étre capable de
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régler le courant et la tension avec une exactitude inférieure ou égale a 1 % et de mesurer le
courant et la tension avec une exactitude égale a +0,1 %.

L'alimentation électrique doit fournir un courant de charge constant pour la mise en charge du
condensateur, avec un rendement de 95 %, régler la durée de charge a tension constante et
fournir un courant de décharge correspondant au rendement de décharge spécifié. Le
voltmeétre enregistreur a courant continu doit étre capable de procéder aux mesurages et a

I'enregistrement selon un intervalle d'échantillonnage de 10 ms ou moins.
> A 3
c < Vue agrandie
= UR
(2]
c
(0]
'_
U1
U2
Tev Temps
-
IEC
Légende
Ug ension assignée (V)
U, ension de début de calcul (V)
U, ension de fin de calcul (V)
AU, Chute de tension (V)
Toy Hurée de charge a tension constante (s)
Figure 2 — Caractéristiques de tension par rapport au temps entre les bornes
du condensateur lors duimesurage de la capacité et de la résistance interne
4.1.3 Mode opératoire.de mesure
Les mesurages doivent/étre effectués conformément aux modes opératoires suivan
utilisapt I'équipement d'essai spécifié en 4.1.2.
a) Prgconditionnement

Av
co

ts, en

ps et

ant e mesurage, les condensateurs doivent étre complétement charg

ou

acélle spécifiée par les normes connexes.

mpletement déchargés, puis placés en étuve pendant 2 h a 6 h a température am

riante

NOTE 1 Le temps d’équilibrage thermique, qui sert de référence a la durée d’imprégnation, est
I'Annexe B.

décrit a

NOTE 2 La mise en charge et la mise en décharge peuvent étre répétées si nécessaire jusqu’a stabilisation

de

la capacité et de la résistance interne.
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EXEMPLE

Charger et décharger I’échantillon a I'aide du courant spécifié par le fabricant en suivant les étapes suivantes:

1)
2)
3)

4)

décharger complétement;
charger jusqu'a Ug;
deécharger jusqu’a 0,5 Ug;

répéter les étapes 2) et 3) dix fois.

b) Mise en place de I'échantillon

Installer les condensateurs d'essai dans I'équipement d'essai.

C £ i <l JLa H Fa i H
C) IIIIHUIGLIUII UT TTUYUUIPTITITITIL U Toodl

S
co

1)

NO
la
me

2)
3)
4)

d) Es

Cgq
su
co

41.4

uf spécification contraire dans les normes connexes, |I'équipement d'essai_ do
nfiguré comme suit.

Régler le courant constant /, pour la mise en charge. A ce courant, les\cendens
doivent étre capables de charger avec un rendement de charge de 95%, basé s

I, = Ur/38Ry. La valeur du courant constant ou le rendement\de charge pet
modifié(e) selon I'accord conclu entre le client et le fournisseun.

TE Le concept général de rendement de charge ou de décharge de 95% est décrit a I'Annexe C.
aleur assignée de la résistance interne d'un condensateur est incertaine, le courant utilisé
surage peut étre réglé conformément aux modes opératoires recommandés décrits a I'Annexe D.

Régler la durée de charge a tension constante 7,4 300 s.

Régler la valeur de décharge a courantsconstant. Cette valeur doit assu
rendement de décharge de 95 %, en fonction de la résistance interne nomin
condensateur Ry. Cette valeur est calculée a I'aide de I'équation /4 = Ur/40Ry.

La valeur du courant constant ou le rendement de décharge peut étre modifié(e)
I'accord conclu entre le client et lefournisseur.

Régler l'intervalle d'échantillonhage a 10 ms ou moins et régler I'équipement g
de fagon & mesurer les caractéristiques de chute de tension jusqu'a 0,5 Ug.

sai

nformément a la configuration décrite en 4.1.3 c), charger et décharger I'échantil
vant les étapes suivantes et mesurer la tension entre les bornes du conden
mme représenté ava Figure 2:

charge a courant constant jusqu’a Ug;
charge a/tension constante a Ug pendant 300 s;
décharge a courant contant jusqu’a 0,4 Ug.

Méthode de calcul de la capacité

t étre

hteurs
ir leur

résistance interne nominale Ry. La valeur du courant est calculéec, l'aide de I'équation

t étre

Lorsque
pour le

Régler la tension maximale pour la charge a courant(constant a la tension assignée Ug.

er un
le du

selon

'essai

on en
sateur

La capacité C doit étre calculée a l'aide de la Formule (1) en fonction des caractéristiques de
tension par rapport au temps entre les bornes du condensateur, telles que mesurées en 4.1.4.

NOTE

La méthode décrite ici est la "méthode de calcul de la capacité de conversion d'énergie".
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ou
C
w

oW
(0,9Ug)? - (0,7UR)?

C=

est la capacité (F) du condensateur;

tension de fin de calcul (0,7 Ug);

Ur
4.1.5

La ré

est la tension assignée (V).

Méthode-d tett-detatésiot it

(1)

est I'énergie (J) déchargée, mesurée de la tension de début de calcul (0,9 UgR) a la

sistance interne R doit étre calculée a l'aide de la Formule (2) en fonctio

h des

caractéristiques de tension par rapport au temps entre les bornes du condensateur, tell¢s que

mesur

ou
R

1y
AU3

Pour g

de la

métho

ees en 4.1.4.

est la résistance (Q) interne du condensateur;
est le courant de décharge (A);

est la chute de tension (V).

ension de début de calcul (0,9 UR) a la~tension de fin de calcul (0,7 Ug), en utilis
de des moindres carrés. Obtenir I'ordonnée a l'origine (valeur de la tension) de la

au temps correspondant au démarrage de ta décharge. AU3 est la différence des tensio

(2)

btenir Auj, appliquer I'approximation linéaire aux caractéristiques de chute de tefnsion,

ant la
droite
ns (V)

hterne

entre [la valeur de la tension a l'origine et la valeur de réglage de la charge a t¢nsion
constgnte.
NOTE |La méthode décrite ici est le™"¢alcul de la résistance interne par la méthode des moindres carrés".
4.1.6 Méthode de calcul de la puissance volumique maximale
La puissance volumigug“maximale P, est calculée en utilisant la valeur de résistance i
calculge en 4.1.5 et\aTaide de la Formule (3).
NOTE |La méthode décrite ici est la "méthode de calcul de la puissance volumique a impédance adaptée".
2
= 0,25UR
RM
ou

Py, estla puissance volumique maximale du condensateur (W/kg ou W/I),

Ur est latension assignée (V);

R est la résistance interne calculée (Q);

M est la masse ou volume du condensateur (kg ou ).

4.2
421

Caractéristiques de maintien de la tension

Circuit utilisé pour le mesurage

La Figure 3 représente le circuit de base utilisé pour le mesurage des caractéristiques de
maintien de la tension.
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